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PREFACE. 


Although  many  excellent  treatises  have  been  published 
on  the  THEORY  of  the  Mechauical  and  Chemical  Sciences, 
none  of  them  embrace  a  combined  and  general  view  of 
the  PRACTICAL  APPLICATION  of  those  sdonccs  to  the 
operative  arts  and  manufactures  of  the  Empire.  There 
are,  however,  it  must  be  admitted,  several  meritorious  works 
which  treat  partially  on  these  subjects ;  but  to  the  objection 
of  their  contracted  plan,  may  be  added  that  of  an  incon- 
venient arrangement  for  ready  reference;  and  the  practical 
information  that  may  be  so\;ight  for  in  the  voluminous 
Cydopsedias  of  Science  and  liter&ture,  though  attainable 
only  by  laborious  research,  is,  in  most  instances,  so  abstruse 
or  antiquated,  as  to  be  of  no  utility  to  those  who  are  desirous 
to  avail  themselves  of  the  best  combinations  of  inventive 
skill,  or  to  practise  the  new  processes  resulting  from  modem 
chemical  discovery. 

The  nxmierous  applications  to  me,  (in  my  professional  capa- 
city of  a  patent  agent,)  by  inventors,  for  information  on  these 
subjects,  demonstrate  the  foregoing  &ct,  and  fully  convince 
me  of  the  great  advantages  that  would  be  conferred  upon  a 
veiy  extensive  and  influential  portion  of  the  community,  by 
the  publication  of  a  work  which  should  embrace  a  judicious 
selection  of  all  those  machines,  engines,  manipulations, 
pROCESses,  and  discoveries,  that  now  lie  scattered  through- 
out several  hundred  volmnes  of  the  scientific  journals,  or  are 
inscribed  in  obsolete  characters  upon  the  rolls  of  the  Court  of 
Chancery,  in  the  form  of  specifications  of  patent  inventions. 


•  • 


lY  PRISFACB. 


To  accomplish  an  undertaking  of  such  great  convenience  to 
the  scientific,  as  well  as  of  real  utility  to  operative  men,  in  a 
form  adapted  to  instant  reference  and  ready  application^  has 
been  my  chief  aim  in  the  present  work,  which  will  com- 
prehend, in  addition  to  the  usual  matter  contained  in  cyclo- 
paedias on  the  mechanical  and  chemical  sciences,  upwards  of 
two  thousand  modem  inventions  and  discoveries  of  merit  and 
originality,  illustrated  by  Engravings  carefully  executed  from 
accurate  working  drawings. 

Notwithstanding  the  extent  and  variety  of  subjects  which 
this  work  embraces,  it  may  be  necessary  to  remark,  that  by 
the  adoption  of  a  small  type,  and  close  printing,  the  economy 
of  space  is  so  far  attained  as  to  admit  of  each  subject 
receiving  the  consideration  due  to  its  importance,  and  to 
comprise  the  whole  in  two  thick  octavo  volumes.  Thus,  the 
preparation  and  numerous  manufactures  of  that  invaluable 
metal,  the  indispensable  material  of  our  machinery,  (Iron) 
has  received  particular  attention:  so  have,  likewise,  the 
various  manipulations  and  mechanism  employed  in  our  great 
staple  commodities,  cotton,  silk,  woollen,  and  linen. 
The  construction  of  engines  (particularly  steam  engines), 

MILLS,  RAILWAYS,  CARRIAGES,  SHIPS,  BOATS,  DOCKS,  CANALS, 
BRIDGES,  FURNACES,  BOILERS,  GAS  MACHINERY,  LOOMS, 
PRESSES,  PUMPS,  PADDLES,  PLOUGHS,  STILLS,  WATCHES, 
CLOCKS,     WATER-WORKS,     WHEELS,    CRANES,    STOVES,    and    a 

thousand  other  subjects,  receive,  in  like  manner,  their  share 
of  attention.     The  various  important  processes  of  dyeing, 

DISTILLING,    BLEACHING,  BREWING,  TANNING,  and  UUmerOUS 

other  chemical  manufactures,  present  also  conspicuous 
features  in  the  contents  of  this  work,  the  whole  of  which 
may  be  said  to  combine  an  exposition  of  the  entire  series  of 
the  Mechanical  and  Chemical  Arts  of  the  British  Empire. 
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ENCYCLOPAEDIA. 


ABACA.  A  kind  of  flax,  which  growi  In  the  Philippine  Islands.  There  are 
two  varieties  of  it,  the  white  and  the  grey;  the  former  is  used  in  the  fabrication 
of  fine  linen,  and  the  Jatter  chiefly  for  cordage. 

ABACUS.  An  instrument  employed  to  facilitate  arithmetical  calculations. 
The  name  was  given  bv  the  ancients  to  a  table  strewed  with  dust,  on  which  their 
mathematicians  were  m  the  practice  of  drawing  their  diagrams.  Similar  tables 
are  employed  in  our  Lancasterlan  schools,  for  teaching  children  to  write.  The 
abacus  employed  by  the  ancient  Greeks  for  making  calculations  was,  it  is  said, 
similar  to  the  "  counting  machine  "  sold  in  our  toy  and  stationary  shops,  for 
teaching  the  rudiments  of  arithmetic.  It  consists  of  twelve  parallel  wires,  fixed 
in  a  light  rectangular  frame,  each  wire  carrying  twelve  beads,  or  balls.  There 
are  thus  12  times  12,  answering  to  the  common  multiplication  table,  all  the 
results  of  which  it  demonstrates  to  the  dullest  capacity;  and  by  moving  the 
beads  from  one  side  to  the  other,  the  operations  of  addition  or  subtraction  are 
rendered  clear  and  obvious  to  the  juvenile  student 

ABACUS.  In  architecture,  the  level,  tile-shaped  tablet,  formed  on  the  capital 
of  a  column  to  support  the  horizontal  entablature. 

4BRASION.  The  act  of  tearing,  or  wearing  away  the  surface  of  any  sub- 
stance by  rubbing.     See  FaicTioN. 

ABSORB ;  from  the  Latin  verb,  ahsarbeo,  signifying  to  suck  in.  When  a 
solid  body  combines  with  one  that  is  fluid,  and  the  compound  remains  solid,  the 
solid  is  said  to  have  absorbed  the  fluid;  and  the  solid  in  this  case,  h'kewisc, 
becomes  an  absorbent.  In  common  language,  we  say,  sugar  absorbs  water ;  but 
this  is  not  strictly  correct,  for  in  proportion  as  the  water  is  taken  up,  the  su^ar 
is  dissolved.  Sponge  is,  however,  a  perfect  absorbent.  In  like  manner  liquids 
absorb  sriform  matters;  thus,  water  absorbs  carbonic  acid  gas;  charcoal,  and 
other  porous  soUdt  of  a  fibrous  texture,  have  the  flu:ulty  of  absorbing  the  gases 
in  a  remarkable  degree. 

ABSORBING  AND  PRODUCTIVE  CASCADE.  An  apparatus  of  great 
ttUlity  and  elegance,  invented  by  M.  Clement.  It  is  known  that  the  absorption 
or  solution  of  the  gases  takes  place  in  proportion  to  the  pressure  on  the  absorbing 
liquid,  the  extent  of  surface  exposed  to  tne  absorbing  action,  and  to  the  length 
of^  time  in  which  it  is  exposed.  If  the  pressure,  however,  be  very  great,  the 
vessels  are  liable  to  rupture ;  and  it  therefore  becomes  an  important  object  to 
strengthen  the  influence  of  the  other  two  principles  just  mentioned,  which  has 
been  obtained  in  a  very  eminent  degree  by  the  invention  of  M.  Clement.  In 
this  apparatus,  which  is  represented  in  the  annexed  diagram,  the  gas  has  no 
pressure  to  sustain,  but  the  surfaces  of  its  contact  are  exceedingly  multiplied  and 
extended. 


2  ABSORBING  AND  PRODUCTIVE  CASCADE. 

The  column  a  b  filled  with  a  great  number  of  small  bulbj  of  elau  or  porcelain, 
hi  lower  ntremi^  teadng  in  another  cylinder  h,  of  rraater  diameter,  in  which 
ia  a  ca*it]r  adapted  ta  the  reduced  diameter  of  the  eoliiinn,  which  communiestei 
with  two  amalflubei  c,  d,  the  former  being  employed  to  introduce  the  gu,  and 


tite  latter  to  diicharge  the  liqiiid.  At«ii  a  reierrolrof  water,Rilh  a  conducting 
pipe  /,  the  nippljr  therefrom  being  regiilated  by  a  cock  g.  The  water,  in  its 
passage  to  the  lower  part  of  the  column,  successively  moistens  all  ibe  email 
apheres,  and  being  thus  impeded  in  its  progress,  a  Tery  coniiderable  time  ia 
occupied  in  its  descent     On  the  other  hand,  tbe  ^as,  as  it  is  introduc   '    


pyingall  the  vacant  inteiitices,  becomes  infinitely  divided ;  andtherefon 
only  pass  through  the  intermediate  spaces  very  slowly,  the  duration  of  tli 
is  much  prolonged,  and  the  absorption  promoted.    The  inventor  calculates  that 


the  abeorbins  power  of  this  apparatus  is  322  times  greater  than  the  ordinal^ 
simple  vesaeJ  used  for  the  purpose.  Although  M.  Clement,  in  making  this 
compariaon,  has  unques^onaoly  selected  the  most  unfavourable  case,  it  must  be 
admitted  that  his  aborbing  cascade  posEeagei  great  advantages.  To  the  appa- 
ratus thus  described,  M.  Clement  adnpls  another,  which  be  calls  "  llie  Pto- 
ductive  Cascade,"  shown  in  combination  in  our  diagram.  It  is  intended  to 
produce  gas  for  a  considerable  period  of  time,  and  in  a  more  convenieiit 
and  less  expensive  manner  than  by  the  ordinary  methods.  Suppose,  for 
example,  it  is  required  Id  prepare  ozymuriatic  acid  or  chlorine ;  a  large  vessel  A, 
provided  with  four  openinn,  is  filled  with  oxide  of  manganese,  broken  into  large 
pieces;  the  opening  ■  is  by  a  tube  connected  to  a  leaden  vessel  k,  containing 
common  salt  and  sulphuric  acid.  By  the  tube  I,  a  small  stream  of  water  is 
made  to  flow  iroia  the  reservoir  above,  which  gradtially  moistens  the  whole 
surface  of  the  piece*  of  manganese,  and  permits  (be  muriatic  acid  gai  to  attack 
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and  dissolve  it  very  easily.  The  chlorine  which  is  produced,  passes  by  the  tube 
11,  into  the  absorbing  cascade,  while  the  muriate  of  manganese  is  carried  off  as 
it  forms,  by  the  water,  through  the  tube  o,  into  the  reservoir  p.  By  this  arrange- 
ment, there  is  no  occasion  to  reduce  the  manganese  to  powder,  and  a  much 
larger  quantity  may  be  operated  on  at  the  same  time,  without  the  operator  being 
under  tne  necessity  of  vequently  renewing  the  charge  of  materials,  and  dis- 
mounting his  appuratus. 

ABUTMENT,  in  Carpentry,  means  the  joining  or  meeting  of  two  pieces  of 
timber,  of  which  the  fibres  of  the  one  extend  perpendicularly  to  the  joint,  and 
those  of  the  other  parallel  to  it  See  Nicholson's  '*  Practical  Builder."  In 
Civil  Architecture,  the  term  is  applied  to  that  which  receives  the  end  of,  and 
gives  support  to,  any  thing  havmg  a  tendency  to  spread  or  thrust  outwards. 
when  the  arches  of  a  bridge  are  less  than  semicircles,  or  less  than  semi-ellipses, 
the  parts  which  they  thrust  or  rest  affainsl^  are  termed  abutments.  If  the  arches 
are  complete  semi-circles  or  semi-dlipses,  or  other  formed  arches  that  spring 
firom  a  vertical  line,  they  are  piers  or  imposts.  The  extremities  of  a  bridge  are, 
however,  always  termed  abutments ;  that  is,  abutments  of  the  bridge  itself,  on 
the  ground,  that  the  roadway  may  be  considered  an  outer  arch,  whose  abutments 
are  the  land  piers.  The  term  abutment  is  likewise  much  used  by  engineers,  to 
express  those  fixed  parts  of  mechanism  firom  whence  a  resisting  or  reacting 
force  is  obtained.  Thus  each  of  the  ends  of  the  cylinder  of  a  reciprocating 
steam  engine  form  reacting  points  for  the  pressure  of  the  steam,  causing  the 
piston  to  be  impelled  the  contrary  way.  In  a  rotary  engine,  the  steam  stop  is 
the  abutment ;  in  a  screw-press,  the  stationary  head  tm^ugh  which  the  screw 
passes,  is  also  an  abutment 

ACCELEBATION  is  the  increase  of  velocity  in  a  movins  body,  caused 
by  the  continued  action  of  the  motive  force.  When  bodies  m  motion  pass 
through  equal  spaces  in  equal  times,  or,  in  other  words,  when  the  velocity  of 
the  body  is  the  same  during  the  period  that  the  body  is  in  motion,  it  is  termed 
uniform  motion,  of  which  we  have  a  familiar  instance  in  the  motion  of  the 
hands  of  a  clock  over  the  face  of  it ;  but  a  more  correct  illustration  is  the 
levolntioii  of  the  earth  on  its  axis.  In  the  case  of  a  body  moving  through 
unequal  spaces  in  equal  times,  or  with  a  vKrpng  velocity,  if  the  velocity 
increase  with  the  duration  of  the  motion,  it  is  termed  accelerated  motion ;  but 
if  it  decrease  with  the  duration  of  the  motion,  it  is  .termed  retarded  motion.  A 
stone  thrown  op  in  the  air,  affords  an  illustration  of  both  these  cases,  the  motion 
during  the  ascent  being  retarded  by  the  force  of  gravity,  and  accelerated  by  the 
same  during  the  descent  of  the  stone.  All  bodies  have  a  tendency  to  preserve 
their  state,  either  of  rest  or  of  motion ;  so  that  if  a  body  were  set  in  motion,  and 
the  moving  force  were  withdrawn,  the  body,  if  unopposed  by  any  force,  would 
continue  to  move  with  the  same  velocity  it  had  acquired  at  tne  instant  the 
moving  force  was  withdrawn.  And  if  a  body  in  motion  be  acted  upon  by  a  con- 
stant foroe  (as  the  force  of  gravity),  the  motion  becomes  accelerated,  the  velocity 
increasing  as  the  times,  and  the  whole  spaces  passed  through  increasing  as  the 
square  of  tiie  times;  whilst  the  proportional  spaces  pamed  throiu^h  during 
equal  portioiis  of  time^  will  be  as  the  odd  numbers,  1,  8,  5,  7,  &c. ;  and  the  space 
pasMQ  over  in  any  portion  of  time,  wiU  be  equal  to  hdf  the  velocity  acquired  at 
the  end  of  inch  tmia^  which  results  will  be  better  brought  to  view  in  the  follow- 
ing TaUe. 

Times.  yelodtlet.    8p«oM  for  each  Tlm«.  Total  Space. 
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It  baa  been  ascertained  by  experiment,  that  a  body  Ming  finely  by  its  own 
we%lit  fimn  a  state  of  rest,  will  descend  through  16,1  feet  in  the  filrst  second  of 
time^  and  will  have  acquired  a  velocity  of  32i  feet ;  but  from  the  rapidly  with 
whidi  the  velocibr  increases,  we  cannot  extena  the  experiment,  for  in  only  four 
saaonda,  a  body  nUing  fireely  would  pass  through  a  space  of  256  feet    But  by 
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^ f  tha  laU  Mr.  Attttood,  of  Canibricigs,  the  law*  of 

n  sboTB  Uid  down  m«y  be  verified  ezperimeDUll)'.  The  machine  it  called 

"Attwood'i  machine,"  altez  the  nune 
of  the  inventor ;  and  the  principle  of  it* 
action  coniliti  in  counteracting  a  portion 
of  the  gravitating  poivet  of  a  body,  by 
the  gravitating  power  of  a  imailcrbody; 
to  laat  the  abaolute  velociW,  and  the 
■pacei  paued  tbrough,  ihall  M  leu  than 
in  the  caM  of  bodiet  descending  freely, 
wbilit,  at  the  force  is  constant,  the  tame 
ratio  of  progression  will  hold  in  both 
cases.  The  annexed  figure  repretenti  one 
of  thete  machines,  as  constructed  by  Mr, 
Toplia.  d  a  a  is  a  triangular  frame,  upon 
three  moveable  Iwi ;  b,  a  smBll  platform 
mspended  from  it  by  a  unirenal  joint 
ee,  and  supporting  two  upright  standard* 
dd,  in  which  tiho  axis  of  a  light  brass 
wheel  e  revolves  with  very  little  friction. 
Over  a  groove  in  the  periphery  of  the 
wheel,  paasei  a  very  light  and  pliabls 
iQk  thread,  from  the  ends  of  which  hang 
two  equal  weight*  /,  a.  Into  the  under 
side  of  ft  ii  screwed  a  square  rod  k, 
descending  to  the  floor, '  to  which  it  is 
secured,  in  a  perpcndiculN*  position,  by 
small  pins  pasting  through  boles  in  the 
claws  at  1 1.  On  Uie  face  of  the  rod  is  a 
•cale  of  inches,  it  ii  a  brass  guide,  fixed 
at  the  upper  part  of  the  rod  A,  so  that 
when  the  top  of  the  weight  g  touches  the 
lower  side  <»  k,  the  under  side  of  if  is  on 
a  level  with  the  lop,  or  commencement 
of  the  scale ;  /i*  a  small  ilage,  movable 
along  the  rod  A,  and  having  a  hole  in  it 
■ufflcientlv  large  for  the  weight  g  to  piat : 

if  another  movable  ttage,  fitted  with  a 
tightening  tcrew  o,  as  also  a  fork  p, 
turning  upon  a  hinre.  The  experimenti 
■re  conducted  as  follow* : — A  small  cir- 
cular weight  is  placed  upon  g,  which  it 
pulled  up  to  the  top  of  the  scale,  and  the 
stage  n  ii  screwed  to  the  rod  A,  on  a  level 
witti  the  lower  part  of  the  weight  /,  which 
b  held  down  upon  it  by  the  ibrk  p.  Upon 
— 'Tmng  /  from  the  fork,  the  weighty 


light  hai  deacended,  at  each  ■ 


cestive  beat  of  a  pendulum  (suspended 
f^m  another  triangle)  is  obsored  upon 
the  scale;  end  if  the  additional  weight 
be  such  as  to  cause  g  to  descend  through 
three  inches  in  the  first  second,  then  it 
will  cause  it  to  descmd  through  1  foot  in 
two  MCMidt,  and  through  6i  feet  in  five 
seconds.     If  the  additional  weight  be 
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removed,  and  a  small  bar  of  equal  weight,  but  of  a  length  exceeding  the  diameter 
of  the  hole  in  4  he  placed  upon  o,  and  the  stage  /  be  set  at  any  division  of  the 
scale,  at  which  the  weight  would  arrive  at  the  end  of  any  number  of  seconds, 
the  staee  will  intercept  the  bar  in  its  descent,  and  the  weight  will  continue  to 
descend  widi  the  velocity  it  had  acquired  upon  reaching  /.   Thus  if  the  velocity 
at  the  end  of  the  second  second  be  two  feet,  in  which  case  the  weight  would 
have  descended  one  foot  in  that  time,  if  the  stage  be  set  at  one  foot  upon  the 
scale,  it  will  intercept  the  bar  at  the  end  of  the  second  second,  and  the  weight 
0  will  move  with  a  uniform  velocity  of  two  feet  per  second,  through  the  remainmg 
portion  of  its  descent   If  it  is  required  to  illustrate  the  case  of  retarded  motion, 
the  small  circular  weight  is  placea  upon  the  weighty,  and  a  similar  small  weight 
upon  the  weight  /,  so  thai^,  still  outweighing /,  will  descend;   but  as  soon  as 
the  stage  /  intercepts  the  bar  with  the  smim  weight  upon  it,/  becomes  the 
heaviest,  and  g  wiU  descend  with  a  velocity  decreasing  as  the  squares  of  the 
time%  counted  from  the  time  of  ^  passing  the  sta^  L  To  diminish  as  much  as 
possible  the  friction  of  the  axis  of  the  wheel  e,  which  carries  the  line  from  which 
the  weights  hang^  Mr.  Attwood,  instead  of  causing  the  axis  to  turn  in  fixed 
bearines,  supported  it  upon  the  peripheries  of  four  anti-friction  wheels,  fixed 
upon  tae  ends  of  two  spmdles  placed  parallel  to  each  other,  and  as  close  together 
as  the  diameters  of  the  wheels  would  allow.    The  sliding  or  rubbing  motion  of 
the  axis  of  the  wheel  e,  is  by  this  means  transferred  to  the  spindles  of  the  anti- 
fiietion  wheels,  (for  the  axis  does  not  slide,  but  it  roUs  over  their  peripheries,) 
and  the  amount  of  the  friction  becomes  diminished  in  the  proportion  of^  the  dia- 
meter of  the  axis  of  the  wheel «,  to  the  diameter  of  the  anti-triction  wheels!  This  is 
an  extremely  beautiful  and  effectual  arrangement,  but  requires  great  care  and 
nicety  of  execution ;  it  also  enhances  greatly  the  cost  of  the  mstrument  Mr.  Top- 
fis's  method  of  supporting  the  axis  of  the  wheel  ii  less  complex  and  costly,  whilst 
jt  is  attended  with  very  uttle  friction,  owing  to  the  extremely  small  quantity  of 
mbbiiig  sofface.  His  plan  is  as  follows :  the  axis  consists  of  a  short  piece  of  steel, 
not  equal  in  length  to  the  distance  between  the  two  standards,  between  which  it  is 
simpQrted.  In  each  end  of  the  axis  a  conical  recess  is  formed,  terminated  )>y  a  short 
cynndzical  one;  these  conical  recesses  receive  the  ends  of  two  studs  or  pivots, 
supported  by  the  vertical  standards,  and  formed  into  cones  more  acute  than  the 
conical  recesses.  By  this  means  the  rubbine  surfaces  are  reduced  to  a  mere  line, 
forming  a  species  of  knife-edge  support;  me  axis  is  kept  steady  by  the  different 
obUqiiities  o^  the  external  and  internal  cone ;  and  the  end  of  the  pivot  cannot 
wear  down,  as  it  does  not  reach  the  bottom  of  the  cylindrical  part  of  the  recess. 
For  the  sake  of  portability,  the  legs  of  the  triangle,  and  the  square  rod  h,  are 
jointed  in  the  middle,  and  the  whe^,  stages,  &c.  can  be  packed  separately  in  a 
small  case.    Altogether  we  think  Mr.  Toplis  has  rendered  the  instrument  much 
more  portable,  and  less  liable  to  injury,  whilBt  he  has  very  much  diminished  the 
cost  without  impairing  its  efficiency. 

ACERIC  ACID.  A  peculiar  acid,  said  to  exist  in  the  juice  of  the  maple. 
It  is  decomposed  by  heat,  like  the  other  vegetable  acids. 

ACETATES.  The  salts  formed  by  the  combination  of  the  acetic  acid  with 
afkaKps^  earths,  and  metallic  oxides.    See  their  different  bases,  and  the  article, 

.A.CIDU  .^LcBTlC 

ACETIC  ACID.   See  Acid,  Acetic 

ACHROMATIC.  A  term  applied  to  those  lenses  of  telescopes,  and  other 
optical  inatniments,  in  which  the  aberrations  of  light  common  to  ordinary  lenses 
are  remedied,  and  the  colours  justly  reflected. 

ACIDS.  A  most  important  class  of  chemical  compounds,  which  have  for  the 
most  part  the  following  properties.  They  have  a  sour,  or  sourish  taste,  the 
stiuuger  kinds  being  acrid  and  corrosive.  They  change  die  vegetable  blues  and 
ptopfes  to  a  bright  red.  They  unite  with  water  in  almost  every  proportion. 
yfiuk  a  lew  exceptions,  they  are  decomposed  or  volatilized  by  a  moderate  heat. 
Tliey  combine  with  all  the  alkalies,  ana  most  of  the  metallic  earths  and  oxides, 
and  form  with  them  that  dass  of  bodies  termed  salts.  The  varieties  of  acids 
are  extremely  numerous,  and  will  be  generally  noticed  under  the  head  CnEMisTaT 
Hie  four  principal  adds  of  commefce,  viz.  the  acetic,  suphuric,  nitric,  an^ 
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niuriaUc,  which  are  muiu&etaiTed  on  the  gretl  Kale,  we  ihiill  deicribe  in  thit 

ACID,  Acetic,  ii  the  ftdd  contained  in  comraon  vinegar,  but  in  a  very  diluta 
itate,  and  in  combination  with  other  vegetable  principles.  It  i*  found  united 
with  potash  in  a  great  variety  of  planti,  alio  in  teveral  animal  lecTetlima.  It 
11  likewiie  the  result  of  a  ipontaneoiu  fermentation,  to  which  liauid,  vegetable, 
and  animal  mattera,  arc  liable.  Strong  acid,  aa  the  sulphuric  and  nitric,  develop 
the  acetic,  by  their  action  on  vegctablee.  Dry  vegetable  aubitancet  generally, 
when  lubjected  to  a  red  heat  in  cio«e  vetieU,  yield  it  copiouily.  The  proportion 
of  the  product*  variei  not  only  from  employing  difihrent  lubatances,  but  they  «re 
different  when  only  one  lubttauce  ii  eiriployM,  scoocding  m  the  heat  li  greater 
or  lest,  or  the  operation  ii  differently  managed.  When  a  vegetable  aubitance  b 
dlitilled  in  close  vessels,  at  first  the  water  comei  over  which  eiiated  ready  finmed, 
and  then  water  fonned  by  union  of  the  oxygen  and  hydrogen  of  the  eubstance. 
Aflerwards,  a  i^uanti^  of  carbon  ia  aeparatd;  and  by  the  continued  application 
of  heat,  this  unites  with  the  oxvgeu  and  hydr(«en,  and  forms  an  acid,  formeriy 
mippoied  to  be  a  particular  acid,  and  then  called  pyroligneoua  acid,  but  it  is  oow 
known  to  be  the  acetic  acid,  united  with  empyreumatic  oil,  whieh  rise*  somewhat 
brown,  and  grows  thicker  and  darker,  annnentin^  in  densi^  aa  the  quantity  ol 
carbon  increases.  At  the  same  time,  a  small  qnaatity  cS  carbonic  acid  gas,  much 
carburelted  hydrogen,  and  towsrds  the  close,  a  great  quantity  of  gaaeons  oxide 
of  carbon,  are  disengaged.  All  the  carbon  not  carried  off  in  these  various  forms, 
remains  in  the  still,  and  generally  nreservea  the  form  of  the  v»etable  substance 
employed.  Since  we  have  learned  the  nature  of  all  these  producta,  the  process 
has  been  much  improved,  and  particularly  by  charring  the  wood,  and  by  turning 
the  other  products  to  advantage.  In  the  forests,  the  wood  la  flr«t  charred,  so  as 
to  dltdpste  all  the  water  of  ventation.  t  is  then  introduced  into  a  large  cir- 
cular vessel  a,  made  of  iron  plate*  rivetted  together,  and  havinff  at  its  upper 
part  a  small  lateral  iron  cytmder ;  an  iron  cover  ia  closely  fitM  to  this  pot, 
and  then  it  it  lifted  by  means  of  a  orane,  or  other  mechanic^  power,  and  placrd 
' ' ' '   -   — ■ fiunace  of  the  tame  ihape.     The  ftunace  is 


then  covered  with 


maHiiry     A  moderate  heat  bemg 


applied  to  the  fUmace,  at  fii«t  the  vapour  of  the  wood  is  disupated,  hat  this 
s  to  be  traniparent,  and  becomsa  tooty     At  t)  -  ' 
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tube  or  cyhader,  endoted  in  onoUier  of  'biibk-work  or  tilea^  is  afiBxed  to  the 
lateral  eyfinder,  and  forms  the  condensing  apparatus.  This  is  differentin  difiereat 
places :  m  some,  the  condensation  is  effected  bv  the  air,  the  vapour  being  made 
to  pass  through  a  long  extent  of  cylinders,  and  sometimes  of  casks,  adapted  to 
eaen  other;  but  most  generally  ihe  condensation  or  cooling  is  effected  by  water, 
when  it  can  be  procured  in  sufficient  quantities.  The  most  simple  apparatus  for 
this  purpose  consists  of  two  cylinders  //,  enclosed  one  within  the  other,  and 
having  between  than  a  space  sufficient  to  allow  a  lam  quantity  of  water  to  flow 
backwards  and  forwards,  and  thus  cool  the  vapour.  These  cylinders  are  adapted 
to  the  distjlling  apparatus,  and  placed  inclined  to  the  horizon.  To  this  first 
apparatus  a  seoono,  and  sometimes  a  third  is  adapted,  and  placed  in  a  sig-zag 
una,  in  order  to  occupy  as  little  space  as  possible.  The  water  is  made  to  cir- 
culate in  the  following  manner.  At  the  lower  extremity  g,  of  the  condensing 
apparatus^  there  is  a  tube  which  ought  to  be  somewhat  higher  than  the  upper 
ptft  of  ^e  whole  of  this  apparatlu^  where  at  k  there  Is  another  short  tube 
carved  towards  the  ground.  Water  icom  a  reservoir  is  made  to  run  through  the 
perpendicular  tube  to  the  lower  part  of  the  condensing  aj^paratus,  and  mis  all 
the  ipace  between  the  cytinders.  Wheh  the  operation  is  goinf  on,  as  the  vapours 
are  condensed,  they  raise  the  temperature  of  ihe  water,  which  becoming  kghter 
in  consequence,  flows  out  of  the  curved  tube  A.  The  condensing  apparatus 
terminates  in  a  covered  brick  canal  i,  underground,  at  the  end  of  which  is  a  bent 
tube  kf  that  conducts  the  liquid  products  into  the  first  dstem ;  when  this  is  full, 
it  discharges  itself  by  means  of  a  syphon  into  a  large  reservoir;  the  tube  which 
terminates  the  canal,  plunges  into  the  liquid,  and  thus  cuts  off  the  communication 
with  the  interior  of  the  m^aratus.  The  gas  hereby  disengaged,  is  conveyed  by 
means  of  the  tube  11,  unaer  the  ash-hole  of  the  fornace.  This  tube  is  furnished 
with  a  cock,  to  regulate  the  flow  of  the  gas,  and  cut  off  the  communication  at 
pleasure.  That  end  of  the  tube  which  terminates  in  the  ash-hole,  rises  a  few 
inches  perpendicularly,  and  Is  fomished  at  its  extremity  with  a  perforated  rose, 
for  dismbuting  the  aas  uniformly  under  the  vessel,  without  being  itself  liable  to 
become  chokM  with  the  ashes,  or  to  obstruct  the  feeding  of  the  fire.  The 
degree  of  heat  necessary  to  effect  carbonization  is  not  very  great,  yet,  towards 
die  end  of  the  process  it  must  be  raised  sufficiently  to  make  the  vessel  red-hot, 
and  the  length  of  ihe  operation  is  necessarily  regulated  by  the  quantity  of  wood 
to  be  carbonized  at  ihe  time.  By  the  colour  of  the  gas  flame  it  is  ascertained 
when  the  carbonization  is  complete ;  at  first  it  is  of  a  reddish  yellow  colour,  but 
afterwards  it  becomes  blue,  as  it  throws  off  more  oxide  of  carbon  than  carbu- 
retted  hydrosen;  at  last  it  becomes  entbely  white,  probably  caused  by  the 
vessel  bong  hottest  at  this  period,  and  the  combustion,  therefore,  may  then  be 
considered  as  quite  finbhed.  There  is  also  another  method  of  ascertaining  the 
completion  of  tne  operation,  which  is  more  firequently  had  recourse  to;  that  ia, 
the  coding  of  the  upper  part  of  the  tubes,  which  is  not  surrounded  with  water ; 
some  drops  of  water  are  then  thrown  upon  it,  add  if  these  evs^rate  without 
noise,  the*operation  is  considered  to  be  finished.  The  adapting  short  tube  is 
next  removed  firom  the  vessel,  and  the  opening  into  it  immediatdy  dosed  by  an 
iron-plate  cover,  which  is  then  luted  with  loam.  The  lid  which  covers  the  fiuv 
oace  is  next  removed,  and  then  the  vessel  itself  is  lifted  out  of  the  fomace  by 
means  of  the  crane,  which  should  be  immediately  replaced  by  another  simiUur 
retort  got  readv  for  the  purpoee.W  hen  the  retort  which  has  been  taken  out 
baa  bcoMne  o^  it  is  uncovered,  and  the  charcod  taken  out  Whatever  may 
be  the  kinds  of  wood  employed  in  this  operation,  nearly  the  same  results  are 
obtained,  as  for  as  respects  the  add ;  not  so,  however,  with  regard  to  the  char- 
coaL  The  denser  the  wood,  the  better  the  charcod ;  and  it  has  been  remarked, 
that  when  the  wood  has  been  long  left  in  contact  with  the  open  air,  the  charcod 
produced  from  it  is  of  a  much  worse  quality  than  firom  that  wood  which  is  cai^ 
iMmized  the  same  year  it  was  cut  A  more  simplified  arrangement  of  apparatus 
than  the  for^ing^  employed  for  this  purpose  oy  an  eminent  manufiicturer  in 
Glai^w,  is  desciSied  by  Ikr.  Ure,  in  his  Chemical  Dictionary.  It  consuts  of  a 
series  of  cast-iron  cylinders,  about  4  feet  diameter,  and  6  feet  long,  which  are 
bvilt  horizontally  in  brick-workrso  that  the  flame  of  one  fomace  may  play 
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around  two  cylinden.  Both  ends  are  made  to  project  a  little  from  the  brick- 
work. One  of  them  u  provided  with  a  disk  of  cast-iron  accmratelv  fitted  to  it, 
and  from  the  centre  of  this  proceeds  a  tube  about  6  inches  in  diameter,  that 
enters  the  main  tube  of  refrigeration.    The  diameter  of  this  tube  nac^ybe  from 

9  to  14  inches,  which  will  vary  according  to  the  number  of  cylinders.  The  other 
end  of  the  cyUnder,  which  is  called  the  mouth  of  the  retort,  is  closed  by  a  disk 
of  iron,  smeared  round  its  edges  with  clay  lute,  and  made  fast  by  means  of 
wedges.  The  chaise  of  wood  for  a  cylinder  of  the  before-mentioned  dimensions, 
is  about  8  cwt    The  hard  woods,  oak,  ash,  birch,  and  beech,  are  alone  used. 
Hot  does  not  answer.  The  heat  is  kept  up  during  the  day-time,  and  the  ftunace 
is  allowed  to  cool  during  the  night    Next  morning  the  door  is  opened,  the 
charcoal  removed,  and  a  new  charge  of  wood  introduced.    The  average  product 
of  crude  vinegar,  called  pyrdigneous  add,  is  35  gallons.    It  is  much  contami- 
nated with  tar,  is  of  a  deep  brown  colour,  and  has  a  specific  gravity  of  1.025. 
Its  total  weight  is  therefore  about  300  lbs.    The  residuary  charcoal  u  found  to 
weigh  no  more  than  one-fifth  of  the  wood  employed.  Hence  nearly  one-half  of 
the  ponderable  matter  of  the  wood  is  dissipated  m  mcondensible  gases.  The  crude 
pyroligneous  acid  is  rectified  by  a  second  distillation  in  a  copper  still,  in  the 
t>ody  of  which  about  20  gallons  of  viscid  tarry  matter  are  left  from  every  100. 
It  has  now  become  a  transparent  brown  vinegar,  having  a  considerable  empy- 
reumatic  smell,  and  a  specific  gravity  of.  1.013.     Its  acid  powers  are  superior 
to  those  of  the  best  household  vinegar  in  the  proportion  of  3  to  2.     By  re^ 
dntillation,  saturation  with  quicklin>e,  evaporation  of  the  liquid  acetate  to  dryness, 
and  gentle  torrefiu^tion,  the  empyreumatic  matter  is  so  completely  dissipated, 
that  on  decomposing  die  calcareous  salt  by  sulphuric  acid,  a  pure,  perfectly 
colourless,  and  grateml  vinegar  rises  in  distillation.    Its  strength  will  be  in  pro- 
portion to  the  concentration  of  the  decomposing  acid.     It  is  a  common  error  to 
regard  the  production  of  vineear  from  the  distillation  of  wood  as  a  recent  dis- 
covery.    In  the  Miraculum  mumU  of  Glauber  (who  has  given  his  name  to  a 
well-known  description  of  salts),  he  says,  "  If  this  juice  of  wood  be  rectified,  it 
may  be  used  in  the  preparatioa  of  good  medicines ;  in  mechanic  arts ;  in  the 
making  of  many  fair  colours  firom  the  extraction  of  metals,  minerals,  and  stones; 
and  for  all  things  for  which  common  vinegar  is  used ;  yea,  £ur  more  commo- 
diously,  because  it  much  exceedeth  common  wine  and  beer  vinegar  in  sharpness." 
Glauber  mentions  some  other  applications  of  the  acid  which  have  yet  to  find 
their  way  into  modem  practice.     **  If  hop-poles,"  he  says,  *'  be  dipped  in  the 
oil,  it  not  only  preserves  them,  but  fattens  the  plant;  and  as  insects  abhor  these 
hot  oils,  if  they  be  applied  to  the  bark  of  fruit  trees,  it  will  defend  them  from 
spiders,  ants,  canker-worms,  and  other  insects ;  by  this  means,  also,  rats  and 
mice  may  be  prevented  fix>m  creeping  up  hovel  posts  and  devouring  the  grain  V* 
An  acetic  acici  of  very  considerable  strength  may  also  be  prepared  by  saturating 
perfectly  dry  charcoiu  with  common  vinegar,  and  then  distilling.     The  water 
easily  comes  ofi^  and  is  separated  at  first,  but  a  stronger  heat  is  required  to  expel 
the  acid.     If  vinegar  be  exposed  to  very  cold  air,  or  to  a  fireezing  moisture,  its 
water  will  be  separated  in  tne  form  of  ice,  and  die  interstices  be  filled  with  a 
strong  acetic  acid,  which  may  be  collected  by  draining.    The  radical  vinegar  of 
the  apothecaries,  made  by  dissolving  in  it  a  little  camphor,  or  fragrant  essential 
oil,  has  a  specific  mvity  of  about  1.070,  and  consists  of  one  part  of  water  to 
two  of  the  crystallixed  acid.    Tlie  pungent  smelling  salt  is  made  by  moistening 
the  sulphate  of  potash  with  a  little  concentrated  acetic  acid.    Acetic  acid  acts 
upon  iron,  zinc,  copper,  and  nickel,  in  the  metallic  state,  and  upon  the  oxides 
of  various  other  metals ;  its  combination  with  the  latter  being  usually  effected 
by  mixing  a  si^ution  of  their  sulphates,  with  that  of  an  acetate  of  lead.     It  haa 
a  very  slight  action  upon  metallic  tin,  when  highly  concentrated.   The  strongest 
acetic  acid  will,  we  are  informed,  dissolve  metmlic  lead,  which  is  contrary  to  the 
statements  of  chemical  authors.     Acetic  acid  dissolves  resins,  gum-resins,  cam- 
phor, and  essential  oils.     Its  odour  is  employed  in  medicine  to  relieve  nervous 
headache,  fainting,  and  sickness  firom  crowded  rooms.      Its  anti-contagious 
powers  are  not  now  so  confidently  relied  upon  as  formerly.     It  is  extensively 
used  in  calico  printing.     It  imites  with  all  the  alkalies,  and  most  of  the  earths. 
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•nd  with  thew  buei  it  fonni  compoundi,  lome  of  which  are  ctyitoIliuUe,  and 
othcn  have  not  yet  beea  reduced  to  a  re^nlari^  of  figure.  For  the  propertiei 
and  luet  of  Iboe  combinatioiu  wb  refer  the  reader  to  Dr.  Ure'a  Dic^oaarv  idF 
CitmUlry.  ^ 

ACID,  MuaiATic,  mav  be  obtained  bj  diatOlation  from  a  mixture  of  com- 
mon lalt  with  claj'  or  bole,  which  ij  the  original  proceaa;  btit  it  ii  now  only 
Qied  where  fiiet  and  pottety  earthi  ore  cheap,  and  oil  of  vitriol  dear.  Tha 
method  moat  commonly  practised  at  preienl  to  obtain  it,  ii  to  detompoee  the 
moriate  t£  nda,  oc  common  aalt,  by  tulphuric  add,  and  condenains  the 
muriatic  add  gaa  in  water,  for  which  it  haa  a  great  affinity.  The  annexed  en- 
granngi  repreteat  the  moat  approved  appeiatua  for  this  pnrpote. 


bench  of  ca«t 


grate/  ai 
It  the  decoi 


Tbey  are  placed  in  pairi,  ei 

lib-pit  g.  Every  part  of  the  cylinder  should  be  equally  heated,  that  tl 
poaition  of  the  laft  may  be  simultaneous,  and  iho  iron  he  as  little  as  possible 
injured  by  the  acid.  For  this  purpose,  a  plate  of  cast-iron  k,  ii  placed  between 
the  cylinders;  and  the  Sues  A  are  conitructed  bo  as  to  produce  an  equal  draught 
throughout  eve^  part  of  the  furnace.  The  cylinder*  are  dosed  at  each  end  by 
a  plate  of  eaat-iron  luted  into  the  rim  of  the  cylinder.  Each  end  plate  has  a 
handle  h,  of  eaat-iron,  and  a  small  tube  n,  pnnecting  &om  the  upper  part  of  (he 
plate,  for  the  purpose  at  ooe  end  of  pouring  in  the  aulphuric  add,  and  of  con~ 
veying  away  the  products  at  the  other.  The  first  cylinder  communicates  by  the 
brat  glanpipe  e,  with  the  earthen  vessel  i^  which  hai  three  mouths,  and  which 
■gain  communicates  by  two  other  bent  tubes  c,  with  two  similar  vessels.  All  the 
gas  not  condensed  in  the  first  battle  d,  passes  into  the  other  bottle  d ;  at  the 
same  thne  th"  second  bottle  i^  receives  Uie  gas  from  the  second  cylinder,  and 
trantmits  the  gas  which  it  does  not  condense  to  a  third  bottle,  and  >o  on  to  the 
lest  bottle,  which  receives  the  gaf  not  condensed  in  all  the  others,  as  also  the 
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gat  from  the  last  cylinder.  From  thii  bottle  whatever  gaa  ia  not  eondenaed,  ia 
transmitted  through  a  second  ranee  of  bottles  half  filled  with  water,  which  wOl 
absorb  two-fifths  of  its  weight  of  muriatic  add ;  and  in  this  second  range  the 
whole  of  the  gas  is  condense.  The  first  range,  it  should  be  obeenred,  Is  placed 
in  a  trough  I,  through  which  is  maintained  a  current  of  cold  water.  The  purest 
acid  is  obtained  in  Sie  second  range  of  bottles ;  that  which  is  condensed  m  the 
first  ranse  oontainiitf  always  a  litde  sulphuric  acid,  and  sometimes  sulphate  of 
soda  and  muriate  of  iron.  Each  cylinder  is  chaiged  with  about  IfiOlbs.  of  com- 
mon salt,  and  the  end  is  luted  witn  day,  and  the  fire  is  kindled ;  1281bs.  of  sul- 
phuric add  at  66*,  Baum^'s  areometer,  are  then  poured  en  the  salt  After  the 
gas  ceases  to  come  over,  the  end  plate  is  taken  oB^  the  sulphate  of  soda  vemored, 
and  the  operation  repeated :  thus  130lbs.  of  muriatic  add,  of  the  specgrav.  1.190, 
may  be  obtained  firom  lOOlbs.  of  salt  Muriatic  acid,  mt&ed  with  nitric  acid, 
finrms  aqua  regia,  which  is  a  solvent  for  gold  and  platinum :  it  is  also  used  to 
prepare  muriate  of  tin  for  dyers,  to  scour  metals,  ana  numerous  other  purposes. 

ACID,  Niraic,  may  be  made  in  various  ways,  but  that  most  commonly 
employed,  is  to  decompose  sd^etre,  or  nitrate  of  potash,  by  concentrated 
sulphuric  add,  in  an  apparatus  suular  to  that  used  in  the  preparation  of  mu- 
riatic add,  except  that  four  cylinders  are  usually  heated  oy  one  fire.  The 
Gvlinders  communicate  by  tubes  with  diree  or  tbur  rows  m  earthen  vesseb, 
the  two  first  of  which  are  dunged  in  water.  The  tubea  which  proceed  fl!om 
the  cylinders  must  be  of  glass,  that  the  colour  of  the  gas  whidi  passes  may  be 
seen,  as  it  shews  the  promss  of  the  operation ;  the  oiher  tubes  may  be  of 
earthenware.  Each  cylin&r  u  charged  with  iTOlbs.  of  nitrate  of  potash,  and 
lOOlbs.  of  sulphuric  acid,  of  1.845  spec.  grav.  The  heat  must  be  equally  ^iplied, 
and  ihe  fire  conducted  slowly.  As  the  operation  advances,  the  vapours  become 
red ;  and  it  is  finished  when  these  vapours  are  no  longer  visible :  a  brisk  fire  is 
made  towards  the  dose  to  disengage  aU  the  gas.  The  add  condensed  in  the  first 
row  of  bottles  is  dways  the  least  pure:  that  contained  in  the  second  range  and 
in  part  of  the  third  contains  only  nitrous  add;  this  is  disengaced  by  canying  it 
to  ebuUiticm  in  elass  retorts ;  the  ebuUition  is  gradually  stoppea  when  it  becomes 
white,  and  it  is  m  this  state  sold  in  commerce^  AH  ihe  weak  acid  in  the  last 
vessels  is  again  put  into  the  first  or  second  range  instead  of  pure  water,  and  water 
is  dways  put  in  the  last  row  to  complete  the  condensation.  The  acid  thus  ob- 
tdned  is  not  suffidently  pure  for  all  purposes  for  which  it  is  wanted,  but  req[uires 
to  be  distilled  in  glass  retorts,  taking  care  to  separate  the  products.  The  first 
portions  which  are  volatilised  are  chlorine  and  nitrous  add ;  these  are  separated 
when  the  liquor  in  the  retorts  becomes  white,  after  which  the  pure  nitnc  add 
comes  over.  The  distillation  should  be  stoj^ed  when  nine-tentns  of  the  add  ia 
the  retort  is  volatilised.  Nitric  add  is  employed  in  the  manufiuture  of  sulphurio, 
oxalic,  and  other  adds,  in  the  composition  of  aquaregtOj  in  making  the  red  pre- 
cipitate, in  dying,  gilding,  assaying  money,  in  parting  gdd,  and  numerous  other 
processes. 

ACID,  SuLPHuaic,  is  obtained  either  by  simple  distillation  firom  copperas, 
(which  was  the  origind  method,)  or  by  the  combustion  of  sulphur,  in  large 
Lsaden  chambers,  m  combmation  with  substances  yidding  a  large  supply  of 
oxygen,  which  is  the  method  generally  practised  at  the  present  day.  The  latter 
process  is  conducted  in  various  ways ;  tne  most  usud  method  in  this  country  is 
the  following.  Common  brimstone,  coarsely  ground,  is  mixed  with  sd^tre,  in 
the  proportion  of  8  lbs.  of  the  former  to  1  lb.  im  ihe  latter ;  ihe  mixture  is  spread 
upon  iron  plates  set  upon  stands  of  lead,  in  a  large  chamber,  lined  with  lean,  and 
covered  at  the  bottom  with  a  ihin  sheet  of  water.  The  materials  are  ignited  by 
means  of  a  hot  iron,  and  the  door  is  dosed.  The  sulphur  in  vapour  men  com- 
bining with  the  oxvgen  of  the  nitre,  forms  sulphuric  add,  and  condenses  in  the 
water,  which  is  afterwards  dbrawn  off  and  concentrated,  first  in  leaden  vessels, 
and  then  in  g^ass  retorts,  (which  aro  sometimes  lined  intemdly  with  platinum) ; 
but  some  manufiMsturers  ^spense  with  the  leaden  boilers  dtogether.  In  some 
of  the  moro  recently  establiuied  manufactories  in  France,  the  following  process 
has  been  employed  with  very  advantligeous  results : — ^The  sulphur  is  burned  upon 
an  «ron  plate,  set  over  a  nimace,  beneath  a  leaden  cylinder,  opening  into  a 
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luaden  chsmbeT,  contsining  about  20,000  cubic  feet :  at  the  lame  time,  a  retort 
plaocd  in  a  land  bath,  and  coiitaiiiiDg9|lbi.  of  nitric  acid,  and  l^lb.  nf  mnlrmni. 
11  heated,  the  nitroni  ga*  diwngaged  being  conducted  into  the  leaden  ejlinder, 
about  2  feet  ebore  the  botning  tulpbur,  uid  this  operation  being  continued 
until  all  the  nitzoui  gai  ia  dituigaged.  Prom  tha  reiidue  in  the  retort  ozalio 
•dd  i>  obtained.  About  two  houn  after  the  combuition  baa  conunenoed,  iteant 
H  ■dmitted  into  the  chamber  br  a  pipe,  vhicb  enten  about  the  middle  of  the 
chamber.  Soon  after  the  introduction  of  the  iteam,  a  condeniatioii  ia  pnc^Ted 
in  the  chamber,  and  a  imall  hole  ii  opened  to  admit  a  enpplT  of  atmcapberie 
dr.  When  the  CMidentadMi  ia  completed,  which  ii  commonly  in  about  three 
'   '       '         '  it  of  the  apentioa,  a  door  in  the  cylinder. 


eated.    The  bottom 


and  two  Tatvee  placed  under  a  tall  chimnej,  are  opened,  in  order  tc 
air  in  the  chamber,  after  vbicb  the  operation  du^  be  repeated.  ' 
ot  the  chamber  abould  alnyi  be  eorerod  with  tiqud,  and  it  ii  ineUned  to  the 
horiaon,  io  that  the  hquid  may  be  9  inchei  deep  at  one  end,  and  only  1 1  at 
the  other,  and  only  the  orerplui  ia  drawn  tff  daily.  The  add  may  be  concen- 
Inted  in  the  chamber*  to  about  I.4S0  epec  grav. ;  after  whioli  it  i«  removed 
to  leaden  hoilen,  and  brought  to  a  ipec.  grav.  of  1.600 ,'  the  remaining 
reqniaite  concentration  ii  effected  in  glau  and  platinum  retorti.  A  quantity 
«f  acid  cornea  over  during  the  ereporstion,  which  i*  condenaed  by  a  leaden 
worm  fixed  loAe  neck  of  the  retnt  The  annexed  cntrepreaentitheapparatu* 
empk>yed  in  thia  p: 


«  ii  a  portion  oT  the  chamber  lined  with  lead ;  (,  the  leaden  cylinder  entering 
(tut  chamber  at  one  end  of  it,  and  riung  about  10  inchei  ahore  the  floor  & 
Hie  cylinder  at  ita  lower  part  d,  tumi  inward*  and  npwardi,  fonnine  a  gutter 
e,  concentric  with  the  e^lmder ;  in  thi*  gutter  a  portion  of  weak  add  i*  ^wayi 
kept  no  a*  high  aa  the  Une;,to  prereol  the  lead  from  getting  too  much  heated. 
The  whole  ii  placed  cm  a  man  at  brick-work  k,  in  tfae  middle  of  which  there  u 
an  irai  dUi  i,  haviuK  a  conrex  bottom,  end  a  rim  3  inche*  high ;  it  ii  mounted 
OTCT  a  fiimBce  L  mla  a  dom  in  the  leaden  cylinder,  and  n,  an  air-hole  in  the 
door,  fitted  with  a  itopper ;  r,  a  glaa*  mattreti,  containing  the  nitric  acid  and 
m<da**ee;  I,  the  aleam  boiler ;(,  U>e  Iteam  pipe.  Sulphnne  acid  i*  Tery  exten- 
tivdyuaed  in  the  chemical  arti,  particularly  in  Usaobing,  and  tome  of  thepiocenea 
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of  dying ;  in  the  manufiictare  of  the  nitnc  and  muriatic  aeida,  and  in  numerous 
odier  hnmches  of  manufacture.  The  combinations  of  this  add  with  various 
boaesy  are  called  sulphates,  many  of  which  are  of  great  utility  in  medicine  and 
the  arts.  The  acidulous  sulphate  of  alumina,  combined  with  potash  or  anunonta, 
forms  the  important  article  called  Alum,  which  see. 

ACRK  A  measure  of  land,  amounting  to  4  square  roods,  or  160  square 
poles  or  perches.  The  English  statute  acre  is  about  3  roods  and  6  falls  standard 
measure  of  Scotland.  The  Welsh  acre  contains  commonly  2  English  ones.  The 
Irish  acre  is  equal  to  1  acre  2  roods  and  19j^  perches  English.  The  number 
of  acres  in  England,  according  to  Dr.  Grew,  amounts  to  46,080,000. 

ADAMANT.  The  ancient  name  of  the  diamond.  This  term  is  also  sometimes 
applied  to  the  scoHa  of  gold,  and  to  a  species  of  iron  ore. 

ADAMANTINE  SPAR.  There  are  two  varieties  of  this  important  mineral 
known  in  Europe,  one  of  which  is  brought  from  China,  the  other  from  India. 
Thev  are  both  remarkable  for  their  extreme  hardness,  which  approaches  to  that 
of  the  diamond,  and  is  therefore  used  in  polishing  gems  and  steel.  In  India, 
corundum  powder  is  formed  into  a  paste  with  lac  resin,  and  moulded  into  grind- 
stones of  a  very  durable  nature. 

ADHESION  denotes  an  union,  to  a  certain  degree,  between  two  distinct 
substances,  and  differs  from  cohetion,  (with  which  the  former  word  is  often  con- 
founded,) inasmuch,  as  the  latter  term  is  alone  properly  applicable  to  the  retaining 
together  of  the  component  particles  of  the  same  mass.    Adhesion  is,  however, 
of  two  kinds ;  the  one,  a  species  of  natural  attraction,  which  takes  place  between 
the  surfaces  of  bodies,  wnether  similar  or  dissimilar,  and  which,  in  a  certain 
degree,  connects  them  together ;  the  other,  the  joining  or  fastening  together  of 
two  or  more  bodies,  by  the  application  of  external  force.    With  respect  to  the 
first-mentioned,  it  has  been  proved,'  that  the  power  of  adhesion  is  proportionate 
to  the  number  of  touchine  points;   and  this,  in  solid  bodies,  depends  upon  the 
degree  in  which  their  surfaces  are  polished  and  compressed.  The  effects  of  this 
power  are  extremely  curious,  and  in  manv  instances  astonishing.     It  is  stated 
Dv  MusschenbroSk,  that  two  cylinders  of  glass,  of  rather  less  than  2  inches 
diameter,  being  heated  to  the  temperature  of  boiling  water,  and  brought  into 
contact  with  melted  tallow  between  their  surfaces,  required  a  force  of  130  pounds 
to  separate  them ;  pieces  of  lead,  of  the  same  area  of  surface,  required  275 
pounds ;  and  soft  iron,  300  pounds.    The  experiments  made  and  described  by 
Mr.  Martin,'  in  the  PhUotophia  Britafmicoy  make  the  force  of  this  kind  of 
adhesion  much  greater  than  MusschenbroSk.     He  took  two  leaden  balls,  and 
having  carefhlly  scraped  off,  with  the  edge  of  a  sharp  pen-knife,  so  much  of 
their  spherical  surfaces  as  to  form  two  planes  of  one-thirtieth  of  an  inch  in 
area,  he  pressed  them  together  forcibly,  and  with  a  gentle  turn  of  the  hand. 
Hie  adhesion  of  these  small  surfaces  was  such,  that  he  lifted,  with  the  balls  so 
united,  above  150  pounds  weight    The  adhesion  between  two  brass  planes  4^ 
inches  in  diameter,  with  grease  smeared  over  their  surfaces,  was  sucn,  that  he 
could  never  meet  with  two  men  strong  enough  to  separate  them  by  pulling 
■gainst  each  other.    The  editor  of  this  work  had  put  into  his  hand  many  years 
ago,  two  brass  plates,  of  about  2  inches  diameter,  having  their  surfaces  so  per- 
fectly flat,  that,  without  uiy  interposing  matter,  he  could  only  separate  them  by 
sliding  them  edgeways.  With  respect  to  the  second-mentioned  kind  of  adhesion, 
some  useful  experiments  were  made  by  Mr.  B.  Bevan,  on  the  adhesive  force  of 
iron  nails,  screws,  and  pins ;  also  of  the  common  cements,  glue,  and  sealing- 
wax,  which  that  eentleman  communicated  to  the  editor  of  the  London  Mecha- 
ma*  Magaxme,    The  following  is  a  condensed  account  of  them : — 

Adhesion  of  Iron  Nails,  in  which  Mr.  Sevan's  object  was  to  determine, 
flraif  the  adhesive  force  of  different  kinds  of  nails,  when  driven  into  wood  of 
different  species :  second,  the  actual  weight,  without  impulse,  necessary  to  force 
a  nail  a  given  depth :  Mir4  the  force  requisite  to  extract  a  nail  when  so  driven. 
Mr.  Bevan  observes,  that  the  theoretical  investigation  points  out  an  inequality 
of  resistance  to  the  entrance  and  extraction  of  a  nail,  supposing  the  thickness 
to  be  invariable ;  but  as  the  general  shape  of  nails  is  tapering  towards  their 
points,  the  resistance  of  entrance  necessarily  becomes  greater  than  that  of 
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extractioD ;  in  toiiie  ezperiiii«»nts  he  found  the  ratio  to  be  about  6  to  5.  The 
following  Table  exhibits  the  relative  adhesion  of  nails  of  various  kinds  when 
driven  into  dry  Christiana  deal,  at  right  angles  to  the  grain  of  the  wood. 


Description  of  Nail*  ated. 


Fine  sprigs   .  .  .  . 

Diito 

Threepenny  brads 
Cast-iron  nails     . 
Sixpenny  nails    .  . 

Ditto 

Ditto 

Fivepenny  nails .  . 


Number 

Inches 

PoDiids 

to  the  lb. 

Inches  long. 

forced  into 

required  to 

avmrdopoU. 

tiie  wood. 

extract. 

4560 

0.44 

0.40 

22 

3200 

0.53 

0.44 

37 

618 

1.25 

0.50 

58 

380 

1.00 

0.50 

72 

73 

2.50 

1.00 

187 

•  • 

•  • 

1.50 

327 

•  • 

.  • 

2.00 

530 

139 

2.00 

1.50 

320 

! 

The  percussive  force  required  to  drive  the  common  sixpenny  nail  to  the  depth 
of  11  inch  into  dry  ChritUana  deal,  with  a  cast-iron  weight  of  6.275  lbs. 
was  four  blows  or  strokes  falling  freely  the  space  of  12  inches;  and  the  steady 
pressure  to  produce  the  same  effect,  was  400  lbs.  A  sixpenny  nail  driven 
into  dry  eim,  to  the  depth  of  one  inch  across  the  grain,  required  a  pressure 
of  327  lbs.  to  extract  it;  and  the  same  nail  driven  end-ways  or  longitudinally 
into  the  same  wood,  was  extracted  with  a  force  of  257  lbs.  The  same  nail 
driven  2  inches  end-ways  into  dry  Christiana  deal,  was  drawn  by  a  force  of 
257  lbs. ;  and  to  draw  out  1  inch,  under  like  circumstances,  took  87  lbs.  only. 
The  relative  adhesion,  therefore,  in  the  same  wood,  when  driven  transversely 
and  longitudinally,  is  100  to  78,  or  about  4  to  3  in  dry  elm,  and  100  to  46,  or 
about  2  to  1  in  deal ;  and  in  like  circumstances,  the  relative  adhesion  to  elm 
and  deal  is  as  2  or  3  to  1.  The  progressive  depths  of  a  sixpenny  nail  into  dry 
Christiana  deal,  by  simple  pressure,  v/ere  as  follows : — 

One  quarter  of  an  inch,  a  pressure  of 24  lbs. 

Half  an  inch 76  — 

One  inch 235  — 

One  inch  and  a<half 400  — 

Two  inches 610  — 

In  the  above  experiments,  great  care  was  taken  by  Mr.  Be  van  to  apply  the 
weights  steadily,  and  towards  the  conclusion  of  each  experiment,  the  additions 
did  not  exceed  10  lbs.  at  one  time,  with  a  moderate  interval  between,  generally 
about  one  minute,  sometimes  ten  or  twenty  minutes.  In  other  species  of  wood, 
the  requisite  force  to  extract  the  nail  was  different.  Thus,  to  extract  a  common 
sixpenny  nail,  from  a  depth  of  one  inch,  out  of 

Dry  oak,  required     507  lbs. 

Dry  beech 667  — 

Green  sycamore 312  — 

From  these  experiments,  we  may  infer  that  a  common  sixpenny  nail  driven 
two  inches  into  dry  oak,  would  require  a  force  of  more  than  half  a  ton  to  extract 
it  by  a  steady  force. 

AoBEsioN  OF  Iron  Pins.  The  force  necessary  to  break  or  tear  out  a  half-inch 
irou  pin^  applied  in  the  manner  of  a  pin  to  a  tenon  in  the  mortice,  has  likewise 
obtained  the  attention  of  the  same  celebrated  experimentalist  The  thickness 
of  the  board  was  0.87  inch,  and  the  distance  of  the  centre  of  the  hole  from  the 
end  of  the  board,  1.D5  inch.  The  force  required  was  976  lbs.  As  the  strength 
of  a  tenon  from  the  pin-hole  may  be  considered  in  proportion  to  the  distance 
Irom  the  end,  and  also  as  the  thickness,  we  may,  for  this  species  of  wood,  obtain 
the  breaking  force  in  pounds  nearly,  by  multiplying  together  one  thousand  times 
the  diatanoe  of  the  hole  from  the  end,  by  the  thickness  of  the  tenon  in  inches. 

Adbbsion  of  Glue.  Mr.  Bevan  glued  together  by  the  ends,  two  cylinders 
jof  dry  ash  wood,  one-fifth  of  an  inch  in  diameter,  and  about  8  inches  long". 
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After  they  had  been  clued  together  twenty-foiir  hours,  they  required  ft  force  of 
1260  lbs*  to  separate  them;  and  as  the  area  of  the  circular  ends  of  the  cylinders 
were  1 .76  inch,  it  follows  that  the  force  of  715  lbs.  would  be  required  to  separate 
one  square  inch.  It  is  proper  to  observe,  that  the  glue  used  in  this  experiment 
was  newly  made,  and  the  season  very  dry ;  for  in  some  former  experiments  on 
this  substance,  made  in  the  winter  season,  and  upon  some  glue  which  had  been 
frequently  made,  with  occasional  additions  of  glue  and  water,  he  obtained  a 
result  of  350  to  500  lbs.  to  the  square  inch.  The  present  experiment  was,  how- 
ever, conducted  uj^n  a  larger  scale,  and  with  care  in  Uie  direction  of  the  resultant 
force,  BO  that  it  might  be,  as  near  as  practicable,  in  a  line  passing  at  right  angles 
through  the  centre  of  the  surfaces  in  contact  The  pressure  was  gradually 
applied,  and  was  sustained  two  or  three  minutes  before  the  separation  took  place. 
Upon  examining  the  separated  surfaces,  the  glue  appeared  to  be  ve^  thin,  and 
did  not  entirely  cover  the  wood,  so  that  the  actual  adhesion  of  glue  must  be 
something  greater  than  715  lbs.  to  the  square  inch.  Upon  companng  with  this, 
the  natural  cohesive  force  laterally  of  wood  of  the  same  kind,  Mr.  Bevan  found 
it  to  be  only  562  lbs. :  consequently,  if  two  pieces  of  this  wood  were  well  glued 
together,  the  wood  would  have  yielded  in  its  substance  before  the  g^ue.  From 
a  subsequent  experiment  made  on  solid  glue,  the  cohesive  force  was  found  to  be 
4,000 lbs.  per  square  inch;  from  which  it  may  be  inferred,  that  the  application 
of  this  substance  as  a  cement  is  susceptible  of  improvement. 

Adhesion  op  Sbalino  Wax.  The  oest  red  sealing  wax  was  proved  to  have 
a  cohesive  force  equal  to  1500  lbs.  per  square  inch,  and  the  blade  sealing  wax 
was  rather  more  than  1,000  lbs.  to  the  square  inch ;  the  deficiency  in  the  latter, 
we  suppose,  was  owing  to  the  diminished  quantity  of  lac  resin  used  in  the 
composition. 

ADIT,  in  Mining,  is  a  subterraneous  passage,  slightly  inclined,  about  6  feet 
high,  and  2  or  3  feet  wide,  begun  at  the  oottom  of  a  neighbouring  valley,  and 
continued  up  to  the  vein,  for  the  purpose  of  carrying  out  the  mineraJs  and 
drawing  off  the  water. 

^OLIAN  HARP,  or  harp  of  iEolus,  is  a  musical  instrument,  which  pro- 
bably received  its  name  from  the  effects  nroduced  upon  it  by  the  air  without 
human  aid.  It  consists  of  a  slight  box  of  nbrous  wooa,  usually  deal,  containing 
a  low  bridge  at  each  end,  over  which  is  stretched,  upon  pegs,  a  aeiies  of  fine 
cat-gut  stnngs,  generally  about  fifteen  in  number,  wnich  being  of  equal  size 
and  length,  are  therefore  unisons.  Its  length  should  correspond  with  the  sixe 
of  the  window  or  other  ftperture  where  it  may  be  placed ;  its  width  need  not  be 
more  than  from  4  to  6  inches,  and  in  depth  from  3  to  4  inches.  It  should  be 
placed  between  the  lower  sash  and  dll  of  a  window,  with  its  strings  uppermost, 
under  which  is  a  circular  opening,  as  in  the  belly  of  the  guitar,  mien  the 
wind  blows  athwart  the  strings,  it  produces  the  effect  of  a  choir  of  music  in  the 
air,  swelling  or  diminishing  its  sounds  according  to  the  strength  or  weakness  of 
the  blast  Mr.  Crossthwaite  has  simplified  this  instrument  by  dispensing  with 
the  sounding^oard,  and  making  it  simply  of  two  deal  boards,  with  the  strings 
extended  between  them.  Father  Kircher  beine  the  first  European  author  who 
described  it,  the  invention  has  been  attributea  to  him ;  but  the  learned  Mr. 
Richardson,  in  bis  Diseeriation  on  the  Languaget  and  Mannert  qf  the  Eattf  says, 
that  an  instrument  of  the  kind  had  been  long  in  use  in  the  East,  before  the  time 
of  Kircher. 

^OLIPILE.  A  name  that  has  been  given  to  an  instrument  variously 
modified,  for  converting  in  a  close  vessel  water  into  steam.  The  first  individual 
who  used  it,  appears  to  have  been  Hero  the  elder,  a  Grecian  mechanic,  who 
settled  in  Alexandria  about  130  years  prior  to  the  christian  era,  whose  ingenuity 
and  talents  being  fostered  by  the  Egyptian  monarch,  was  the  probable  cause  of 
his  interesting  discoveries  being  handed  down  to  us  in  his  work  entitled  Spirit 
iaUot  or  PneumaUca.  Although  in  the  state  that  he  has  presented  it  to  us  in  his 
seolipile,  it  cannot  be  regarded  as  one  of  his  most  useftii  inventions^  ^his  foun- 
tain for  raising  water  by  compressed  air  possessing  far  more  intrinsic  merit,) 
still  as  being  the  earliest  germ  of  that  great  mechanic  power  which  seems 
destined  to  change  the  faee  of  the  entire  avilized  world,  it  is  well  deserving  of 
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puced  ■  vue  or  caldron  a,  contsining 
wiler,  from  the  cover  of  which  pro- 
ceeded two  arnu  b  e,  forming  the  aiii 
of  a  hollow  globe  d.  The  ami  i,  ii  a 
■team  pipe,  tba  other  arm  e,  w  lolid, 
hariDg  ita  extremity  fonned  into  a 
conical  pivot.  At  ngtit  snglei  to  the 
iiofthe'   ■■        '  '       ' 


w  globe,  there  proceedi 
It  two  tubes  e  e,  bent  at  their  ex- 
%,  which  fonn  the  ouOeta  of  the 
(team.  Heat  being  applied  to  the  cal- 
dron, raises  the  iteam,  which  flawing 
through  the  tubular  axit  b,  enten  the 
globe ;  thence  the  ileatn  findi  ita  way 
Uirough  the  tubei  «  e  into  the  atmo- 
nihere,  the  reaction  of  the  latter  pro- 
ducing a  rotatorv  motion  of  the  globe, 
the  Teloci^  of  which  will  depend  upon 
the  itrength  of  the  (team. 

AERATED  WATERS.  This  term  being  popularly  applied  to  a  variety  of 
aodnlous  and  alkaline  beveragei  more  or  len  impregnated  with  fixed  air,  or 
carbonic  acid  gas,  we  introduce  our  article  on  the  subject  in  this  place ;  and  a« 
the  uannfacture  of  theie  liquids  has  of  late  years  become  of  considerable  extent, 
owing  to  their  agreeable  a*  weU  as  medicinal  propertdes,  we  purpose  describing 
"         ■ '  ^  stilt  en   '       '  '     - 


several  ingenious  appan 


!S  that  have  been  ueed,  or 


1  employed,  for  the 


purpose.  Water  atnorbs  under  the  natural  pressure  of  the  atmosphere  about 
Its  own  bulk  or  volume  of  carbonic  acid  gas.  If  a  pressure  be  applied  equal  to 
iwo  atmoapherea,  the  water  will  absorb  double  its  own  volume,  its  absorbing 
power  increadng  as  the  pressure.  Water  thus  impregnated  acquires  a  pleasant 
acid  taste,  to  which  is  usually  added  a  small  quantity  of  potash  or  soda,  and 
sach  flavotiring  or  other  ingredients  as  may  be  required  to  imitate  the  natural 
mineral  waters.  NooA't  amiaratiu  was  one  of  the  eariieit  contrivance*,  and  ii 
adapted  to  the  preparation  ofsmall  quantities  of  aerated 
water.  It  u  represented  in  the  subjoined  cut,  and 
cottsnrts  of  three  vessels ;  the  lowest  a,  is  flat  and 
brood.  BO  as  to  form  a,  good  basis  ;  in  this  is  put  a  Quan- 
tity of  chalk  or  pounded  marble,  and  some  dilute 
muriatic  or  other  acid  is  introduced  through  a  screwed 
stiqiper  t.  The  gas  being  thus  generated,  passes 
thri>ugh  the  tube  c,  in  which  a  glass  valve  opens  up- 
wards into  J,  which  contains  the  water  a 


^  lated,  and  i*  provided  with  a  stop-cock  to 
the  liquid.     The   tube   of  the  uppermost 


vessel  e,  dips  into  d,  occasioning  therein  some  pressure . 
and  the  gas  which  is  not  absorbed  >a  the  latter,  passes 
up  into  e,  which  being  provided  with  a  heavy  stopper, 
acta  aa  a  valve,  and  cause*  a  considerable  pressure  oi^the 
gai  upon  the  water  within  it.  The  ga«  which  is  not 
afaaorbed  by  the  water  in  c  or  i^  escapes  by  the  aper- 
ture at  top.  Another  apparatus  of  great  simplicity, 
•lid  Bd^>ted  to  ooerating  upon  a  more  extended  scale, 
is  delineated  ia  Ine  subjoined  cut. 

A  i*  a  strong  plank  on  which  the  vessels  are  fixed ;  B  is  a  bottle,  con- 
taining a  quanti^  of  pulverised  carbonate  of  lime  or  chalk ;  C  is  the  tuhulure 
and  stopper  of  (he  bottle;  D  a  bent  tube  for  conveyine  the  gas  into  the 
bdlowj  E,  which  are  supported  b^  the  upright  stand  F;  G  ia  a  stop-cock 
cmmected  with  the  tube  D,  which  passes  from  thence  into  the  strong 
iron-hooped    air-tight    barrel    H,   suspended    by   its   axis    on    the    upright 
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piUara  r  1.  In  uiing  this  opparahw.  the  cwk  i«  to  b«  half  filled  with  dwtiUed 
or  roriug  water ;  the  hole  K  Li  then  to  lie  itoppwi  air-tight  with  a  good  bung, 
which  is  to  be  fastened  down  by  means  of  tlie  jointed  »tr^  or  haap  L,  being 
passed  over  the  staple,  and  secured  by  a  boll  or  key  put  through  the  s;-     - 


Then  pour  lliroiigh  the  hibtilure  nflbfl  I>nttle  sotnc  sulphuric  ncid,  diluted  with 
five  or  six  times  its  wcielit  of  water,  over  llie  chalk,  and  cIobb  the  aperture  by 
the  acrew-stopper  C.  H:iving  taken  off  the  weight  from  the  bellows,  the  car- 
bonic acid  extiicaled  Irom  the  chalk  by  itie  action  of  the  acid,  pastes  out  of  the 
bottle  into  the  bellows,  through  ibe  tiihe  D,  which  has  an  oriRce  opening  under 
them.  When  the  bellows  are  fully  distended,  the  cock  0  is  to  be  turned,  and 
the  weight  being  placed  upon  the  bellows,  the  gas  is  thereby  pressed  downward! 
into  the  barrel,  and  is  tliere  absorbed  by  the  water,  which  is  accelerated  by 
giving  the  barrel  a  few  quick  turns  by  the  winch  J.  The  cootenta  of  the  barrel 
may  (hen  be  drawn  off  uito  stone  bottlea,  which  should  be  quickly  corked,  and 
hound  down  with  copper  wire,  to  be  preserved  for  use. 

A  very  complete  mocbiue,  invented  by  Mr.  Cameron,  of  Glasgow,  cnlculaled 
to  offer  a  strong  resistance  to  the  pressure  of  the  ga*,  and  force  a  considerable 
quantity  into  water,  is  shown  on  tlie  next  page.  The  gas  generator  a,  is  made  of 
cost  iron,  three  quarters  of  an  inch  thir.k,  and  lined  interiorly  with  sheet  lead,  (of 
9  lbs.  weight  to  the  foot,)  to  prevent  the  action  of  the  acid  upon  the  iron.  This 
vessel  contains  about  1 5  Gallons,  and  is  filled  up  to  the  dotted  linebyamiztura 
of  whiting  and  water  ;  it  nas  an  agitator  b,  also  Hned  with  sheet  Iced,  and  which 
works  on  a  pivot  at  the  bottom,  ttie  axis  passing  through  the  stufiing-hoK  e,  at 
the  top  of  the  ves!>el.  The  acid-holder  *,  is  formed  of  lead,  of  the  capacity  of  two 
gallons,  and  is  Riled  withoU  of  vitriol  up  to  the  dotted  line.  The  acid  ia  kept  from 
running  down  into  the  generator  b^  means  of  the  conical  pine/,  which  fits  into 
s  conical  opening  in  the  leaden  pipe  g.  This  plug  is  attachad  to  a  rod,  and 
moves  up  and  down  through  the  stufling-hoz  k,  and  is  prevented  fcota  turning 
round  bj  means  of  a  pin  t,  moving  in  a  slit  in  the  bridle  I,  and  the  screw-nut 
n,  is  riretted  loose  into  the  top  of  the  bridle.  The  pipe  n,  wbieb  forms  a  rom- 
niiinicslioii  between  the  tup  of  the  acid-bolder  e,  and  the  pipe  t,  in  which  the 
plug-rod  moves,  preserves  on  equilibrium  of  pressure,  so  as  to  prevent  the  acid 
from  rising  higher  in  the  pipe  (  than  the  level  of  the  acid  in  the  acid  bolder, 
by  which  means  the  brass  work  of  the  atuffing-boi  is  preferred  from  injury. 
'Co  prcveulHiyof  theBulphuricacidftombcingcarriedoverbytheer     " 
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■n  intennediale  vewel  o,  cntitainrng  alxnit  three  gallont,  U  formed  either  of  thick 
■hpEt  lead  stone,  or  of  cast  iron,  lined  with  lead.  Thii  intennediat«  vessel 
u  filled  with  water  up  to  the  dotted  line.  The  impregnator  v  ahould  contain 
It  may  be  made  either  of  copper  tttmed,  or  of  cait  iron, 


lined  niih  iheet-lead;  aud  the  agitator  <■  majr  either  be  of  tinned  coppei,  of 
of  maple-wood ;  which  lait,  giviog  no  ta*te  to  the  water,  i*  for  that  reaMD 
prefeTHble.  Thii  impr^nator  ii  filled  up  to  the  dotted  line  with  water,  to 
which,  in  nsaking  saline  waters,  the  proper  proportion  of  leHui-carbonate  of 
■oda,  carbonate  of  magnesia,  or  other  ingredient,  ii  to  be  added.  A  preaiure- 
guage  f,  of  quicktilTer,  is  to  be  placed  at  *  little  distance,  and  connected  bj 
means  of  a  leaden  pipe.  The  operation  of  this  apparatus  is  very  simple.  By 
turning  the  nut  m  (he  plug  is  rsiaed,  allowing  the  sulphuric  add  to  mn  down 
into  the  generator  a,  where  it  acta  upon  the  whiting,  disengaging  the  carbonic 
•cid  gas  in  proportion  to  the  quantitj  of  sulphuric  add  admitted  at  a  time.  The 
nut  m  being  turned  the  other  way,  lowers  the  plug,  and  stops  the  descent  of  the 
sulphuric  acid,  thus  regulating  the  disengagnnent  of  the  gas,  and  preventinK  too 
violent  an  eHerreaeeDce.  The  disengased  gas  paaes  thniugh  tha  inlarmediata 
vessel  into  the  iinpr»nat(^  v,  where  it  is  absorbed  by  the  water.  The  imprej- 
naled  water  is  then  drawn  off  into  strong  haK-pint  bottle*,  by  means  of  a  cock, 
which  descends  to  the  bottom  of  the  bottle;  on  withdrawing  the  bottle,  it  should 
be  instantly  corked,  and  the  corks  be  wired  or  tied  down. 

A  patent  has  just  been  granted  to  Mr.  F.  C.  Btkewell,  of  Hampatead,  for  a 
v«ty  compact  and  ingenious  apparatus  for  the  preparation  of  aeratea  waters,  the 
pMuliari^  of  which  consists  m  the  gas  gencTatin^  and'  the  gaa  tmpr^nating 
Wivatltl  being  inclcned  in  the  same  vesael,  and  in  the  whole  opemtian  being 
elEeeted  by  a  simple  oscillating  motion.  A  correct  idea  of  this  machine  may  tw 
ItHtned  by  the  annexed  liRnfe,  (repreaenting  a  vertical  section  of  its  prindpal 
paits,)togFtherwilh  the  subjoined  eiplanatioo.  a  a  exhibit*  an  external  casing  of 
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*  cylindrical  form,  with  iphnica]  ends,  made  itrong  enougli  to  reaiit  s  prcunra 
of  Mveral  atmoipherei ;  bU  n  partition,  about  two-tbjrda  from  the  top  of  tbe 
veeKl,  tepaiating  it  into  two  parts.  The  bottom  part  c  u  a  receptacle  for  tbe 
chalk,  or  Dtber  •uitable  material,  mixed  into  a  paaty  consistency  nitli  water ;  d  if 


Kvenel  containing  dilute  muriatic  or  lulphuric  acid,  which  ii  made  to  pou  out 
in  imaU  quantitiea,  a*  required,  at  the  aperture  t  into  the  vettcl  c;/ia  a  guard 
to  prevent  the  aperture  e  from  being  choked  np ;  ^  i«  a  pipe,  of  the  form  of 
ft  truncated  cone  inverted,  being  about  an  inch  diameter  at  bottom,  and  two 
iiufaei  at  the  top.  Thia  pipe  ii  fitted  into  an  aperture  in  the  partitiou  b,  and  ia 
eloied  at  theapper  end;  iti  olgeet  ii  for  the  aaceni  of  the  gas  as  it  ii  generated, 
which  patM*  mm  the  top  down  an  externa]  pipe,  into  the  lower  part  i  of  a 
TMtel  i,  and  through  a  ioibII  aperture  the  tenth  of  an  inch  diameter,  (or  through 
serersl  aperturei  whoie  total  areai  do  not  exceed  the  tenth  of  an  inch,)  through 
the  partition  into  the  upper  part  of  the  vetiel  A.  This  vesael,  which  is  deno- 
minated the  waihing  vtaie],  ii  furniihed  with  two  ihelvei,  eloping  in  opposite 
direction*  near  iti  top,  to  detain  the  gai  longer  in  its  passage  through  the 
aperture  I  to  an  external  pipe,  fiimiihed  with  a  perforated  rose,  fur  diitri- 
butiiw  the  gai  as  it  eacBpei  mlo  the  water  to  be  impr^;nated,  contained  in  the 
TcneU  o  0  /  |i  ia  a  stop-cock  for  drawing  off  the  impregnated  water  aa  required ; 
«  is  an  aperture  for  the  introduction  of  the  chalk  and  water ;  r,  another  for  the 
mtroduction  of  the  acid ;  and  i,  another  for  the  water  to  be  aerated :  each  of 
these  apertures  is  provided  with  a  screwed  cap,  to  stop  tiiem  securely  after  the 
retpective  vessels  have  been  charged.  The  apparatus  ia  made  to  swmg  on  two 
pivots,  one  of  which  is  shown  in  section  at  L  When  the  chalk  and  acid  recep- 
tacles are  to  be  supplied  with  those  ingredients,  the  apparatus  is  to  be  turned 
on  its  pivots  to  a  horizontal  position,  with  the  aperture  r  upwards,  and  a  fiinnet 
or  hopper,  with  a  bent  stem,  ii  to  be  employed  in  filling  the  vessel  c  c,-  n  ia  an 
end  view  of  a  pendulum  or  agitator,  of  the  form  of  an  arch  of  a  circle,  extending 
•cross  the  bottom  of  the  vessel,  and  suspended  at  its  two  extremities  ;  one  of  the 
■uipenaion  wiret  is  shown  in  the  drawing.  The  apparatus  having  been  charged 
u  above  described,  is  to  be  put  into  vibration  on  its  ^vots,  by  wliich  the  chalk 
•ad  water  will  be  effectively  agitated  by  the  motion  of  the  pendulum,  wh'le  a 
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fma]l  portion  of  acid  will  escape  from  the  vessel  d,  into  the  vessel  e,  to  keep  up 
the  generation  of  the  gas  as  it  passes  off  to  the  water  in  a,  which  will,  at  tKe 
same  time,  hy  the  vibration  of  the  apparatus,  he  thoroughly  mixed  with  the  gas 
as  it  escapes  through  the  rose  n.  An  elegant  apparatus,  adapted  for  saturating 
liquids  with  tlie  carbonic  acid,  as  well  as  other  gases,  was  invented  by  M.  Clemen^ 
for  which,  see  the  article  Absorbimo  and  Productive  Cascadk*  Some  manu- 
facturers of  aerated  waters  employ  mechanical  means  to  force  the  gas  into  the 
water,  by  the  use  of  a  transferring  pump  or  syringe,  which  is  connected  at  one 
end  with  a  bladder,  or  other  reservoir  of  the  gas,  and  at  the  other,  with  a  vessel, 
or  single  bottle  of  water ;  the  up-stroke  of  we  j^ump  extracting  the  gas  from 
the  bladder,  and  the  down-^troke  transferring  it  mto  the  water. 

AERIAL  ACID.    See  Carbonic  Acid. 

AERIFORM  FLUIDS.    A  name  frequently  given  to  the  gases. 

AEROGRAPHY.  ^     These  three  terms  have  been  indifierently  applied  to 

AEROLOGY.       >  that  science  which  treats  of  the  limits,  dimensions,  prea- 

AEROMETRY.  )  sure,  elasticity,  rarefaction,  condensation,  and  other  pro- 
perties of  our  atmosphere ;  but  these  terms  are  generally  disused  bv  moaem 
writers  on  ti^is  branch  of  natural  philosophy,  by  whom  it  is  now  designated 
Phbdmatics,  which  see.    See  also  Air,  Atmospheric 

AEROMETER.  An  instrument,  to  which  this  name  has  been  given  by  the 
inventor,  Dr.  M.  Hall,  for  making  the  necessary  corrections  in  pneumatic  ex- 
periments to  ascertain  the  mean  bulk  of  the  gases.  It  consists  of  a  bulb  of 
glass,  of  4|  cubic  inches  capacity,  blown  at  the  end  of  a  long  tube,  whose  capa- 
city is  1  cubic  inch.  This  tube  is  inserted  into  another  tube  of  nearly  equal 
length,  which  is  supported  on  a  sole ;  and  the  first  tube  is  sustained  at  any 
required  height  within  the  second,  by  the  pressure  of  a  spring.  Five  cubic  inches 
of  atmospheric  air,  at  a  medium  pressure  and  temperature,  are  to  be  introduced 
into  the  bulb  and  tube,  of  the  latter  of  which  it  wiu  occupy  one-half.  The  other 
half  of  this  tube,  and  part  of  the  tube  in  which  it  is  inserted,  are  to  be  occupied 
by  the  fluid  of  the  pneumatic  trough,  whether  water  or  mercury.  The  point  of 
the  tube  at  which  the  air  and  fluid  meet,  is  to  be  marked  by  the  figure  5,  to 
denote  5  cubic  inches.  The  upper  and  lower  halves  of  the  tubes  are  each 
divided  into  five  parts,  representing  tenths  of  a  cubic  inch.  The  external  tube 
haj  a  scale  of  inches  attached. 

AEROSTATION.  The  art  of  navigating  the  air  in  aerostatic  machines. 
See  Ballooks. 

AERUGO.  The  rust  or  oxide  of  metal,  particularly  that  on  copper,  called 
verdigris.  Thus,  in  the  Pharmacopeia  LondmenaU,  prepared  verdigns  is  termed 
Aeruau  nraparaia, 

AETHER.  An  extremely  tliin,  subtle,  penetrating  fluid,  much  finer  than 
air,  which  has  been  considered  by  the  ancient  and  many  modem  philosophers 
to  be  difiiised  throughout  the  universe,  but  in  its  pure  state  to  commence  beyond 
the  limits  of  our  atmosphere.  The  existence  of  such  a  fluid  is  wholly  hypo- 
thetical ;  yet  it  has  given  birth  to  conjectures  as  indefinite  as  the  space  which 
has  been  assigned  for  its  circulation.  With  some  of  the  ancient  philosophers  it 
was  considered  the  origin  of  all  things;  an  attenuation  of  fire;  to  be  immortal; 
knowing  all  things;  seeing,  hearing,  and  determining  whatsoever  is,  or  shall  be 
hereafter.  From  this  fluid,  existing  only  in  perfection  in  the  highest  heavens, 
all  grosser  elements  were  fi^t  derived,  and,  from  these,  the  various  productions 
of  nature.  Here  the  gods  were  enthroned,  and  the  stars  rolled  in  sublime  har- 
mony around  them  I  Although  the  poets  went  hand  in  hand  with  the  philo- 
sophers in  this  speculation  of  science,  it  would  long  since  have  been  exploded 
from  all  connexion  with  the  inductive  philosophy,  but  for  the  sanction  that  has 
been  given  to  it  by  some  conjectures  of  Sir  Isaac  Newton. 

AETITEIS,  or  Eagle-Stones  ;  so  called,  from  a  popular  notion  that  eagles 
took  them  up  into  their  nests  to  preserve  their  eggs  from  decay.  They  are 
crustated  hollow  stones,  containing  a  nucleus,  which  rattles  on  being  shaken ; 
theyusually  consist  of  oxide  of  iron,  mixed  with  silex  and  alumina. 

J5TNA  SALT.  The  impure  sal  ammoniac  found  in  the  creviced  of  £tna 
and  other  volcanoes,  and  on  the  surfaces  of  the  lava. 
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JE,  (For  many  other  words  which  w«re  formerly  commenced  with  tUi« 
diphthong,  see  the  letter  £.) 

AFFINITY,  CHEMICAL.    See  Attraction. 

AGARIC,  MINERAL,  or  Mountain  Meal,  found  in  the  defti  of  rocks, 
and  on  the  roofi  of  caves,  is  a  native  carbonate  of  lime.  It  is  used  medicinally 
in  dysenteries  and  other  disorders.  N.  Fahroni  describes  it  as  a  stone  of  loose 
consistence,  abmidant  in  Tascany,  of  which  bricks  may  be  made  either  alone, 
or  with  the  admixture  of  one  twentieth  part  of  clay,  so  light  as  to  float  in 
water. 

AGATE.  A  mineral  whose  basis  is  calcedony,  blended  with  variable  pro> 
portions  of  jasper,  amethyst,  quartz,  opal,  heliotrope,  and  camelian.  Rwbon 
agaU  consists  of  alternate  and  parallel  layers  of  calcedony  with  jasper,  or 
quartz,  or  amethyst.  The  most  beautiful  comes  from  Liberia  and  Saxony ; 
it  occurs  in  porphyry  and  gneiss.  Brecciated  agate  is  of  Saxon  origin;  it 
has  a  base  of  amethjrst,  containing  fragments  of  ribbon  agate,  constituting  the 
beautiful  variety.  Fortifieaiion  affote,  found  in  Scotland  and  on  the  Rhine,  is  in 
nodules  of  various  shapes,  imbedded  in  amygdaloid.  On  cuttine  it  across,  and 
polishine;  it,  the  interior  zig-zag  parallel  lines  bear  a  considerable  resemblance 
to  the  plan  of  a  modem  fortification.  In  the  very  centre,  quartz  and  amethyst 
are  seen  in  a  splintery  mass,  surrounded  by  the  Jasper  and  calcedony.  Mocha 
stone,  from  Mocha,  in  Arabia,  where  it  is  chiefly  found,  is  translucent  calce* 
dony,  containing  dark  outlines  of  arborization,  like  vegetable  filaments.  Mote 
agate,  so  called  from  its  ramifications  of  a  vegetable  form,  is  a  calcedony, 
variously  coloured,  and  occasionally  traversed  wim  irregular  veins  of  red  jasper. 
An  onyx  agate  set  in  a  ring  belonging  to  the  earl  of  Powis,  contains  the  chry- 
salis of  a  moth.  Agate  is  found  m  most  countries,  chiefly  in  trap  rocks  and 
seipentine.  The  oriental  agaie  is  almost  transparent,  and  of  a  vitreous  appear* 
ance.  The  occidental  is  of  various  colours,  and  often  veined  with  quartz  or 
jasper.  Agates  are  most  prized  when  the  internal  figure  nearly  resembles  some 
animal  or  plant  Agates  are  artificially  coloured  by  immersion  in  metallic 
solutions.  They  are  extensively  used  in  Paris  for  making  cups,  rings,  seals, 
handles  for  knives  and  forks,  sword  hilts,  beads,  smelling  bottles,  snuff  boxes, 
&c.  At  Oberstein,  on  the  Rhine,  where  the  stones  are  aoundant,  they  are  cut 
and  polished  on  a  considerable  scale,  and  at  a  very  moderate  price.  The  surface 
to  be  poKshed  is  first  coarsely  ground  by  large  millstones  of  a  hard  reddish 
sand- stone,  moved  by  water.  Tlie  polish  is  afterwards  given  on  a  wheel  of  soft 
wood,  moistened  and  imbued  with  a  fine  powder  of  hard  red  tripoll,  found  in 
the  neighbourhood.  Antiquaries  use  the  term  agate  to  denote  a  stone  of  the 
kind  engraved  by  art.  In  this  sense  agates  make  a  species  of  antique  gems,  in 
the  workmanship  of  which  we  find  eminent  proofs  of  the  great  skill  and  dex- 
terity of  the  sculptor.  Several  agates  of  exquisite  beauty  are  preserved  in  tlie 
cabinets  of  the  curious. 

AGENT,  in  a  general  sense,  denotes  any  active  power  or  cause.  In  natural 
philosophy,  the  term  is  applied  to  such  bodies  as  have  a  power  to  act  upon  other 
bodies  m  a  certain  and  determinate  manner. 

AGGREGATE,  in  a  general  sense,  is  the  sum  of  several  things  added 
together.  In  chemistry,  the  united  mass  is  called  an  aggregate,  when  it  does 
not  differ  in  its  chemical  properties  from  the  bodies  oi  which  it  was  originally 
composed.  Elementary  writers  call  the  smallest  parts  into  which  an  aggregate 
can  be  divided,  without  destroying  its  chemical  properties,  integrant  parts.  ThvM 
we  may  conceive  the  integrant  parts  of  common  salt  to  be  uke  smallest  parts 
which  can  remain  without  change ;  and  beyond  these,  that  any  fhrther  sub- 
division cannot  be  made  without  developing  the  component  parts,  the  alkali  and 
the  acid ;  and  that  the  division  of  the  latter  must  resolve  them  into  their  con- 
stituent principles. 

AGITATION.     In  general,  the  act  of  shaking  a  body,  or  tossing  it  about 
AGITATORS.     Instruments  used  in  various  processes  for  the  purpose  of 
agitation.     See  Brewing,  Distillation,  Evaporation,  &c. 

AGRICULTURAL  IMPLEMENTS.  See,  under  the  respective  heads. 
Plough,  Harrow,  &c. 
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AGRICULTURE  is  llie  art  of  cultivating  tlie  earth,  so  as  to  preserve  or 
increase  the  natural  fertility  of  the  soil,  as  well  as  to  render  sterile  tracts  pro- 
ductive of  vegetation  useful  to  man ;  and  the  perfection  of  this  art  may  be  said 
to  consist  in  obtaining  the  ffreatest  quantity  of  the  required  product,  from  a 
nven  quantity  of  land,  at  &e  least  possible  expense  of  labour  and  material. 
&sides  the  production  of  grain  and  legiuninous  plants,  which  usually  forms  the 
chief  business  of  the  farmer,  agriculture  includes  the  culture  of  trees,  and 
ever^  description  of  plants;  their  planting,  pruning,  grafting,  &c. ;  hence 
horticulture,  or  gardenme,  is  a  branch  of  this  art.  It  includes  also  the  breeding 
and  management  of  catUe,  since  tiieir  manure  and  their  labour  are  essential  to 
the  business  of  husbandry.  Nothing  would  tend  more  to  the  successful  practice 
of  this  the  most  important  of  all  arts,  than  the  study  of  chemistry  by  the  farmers. 
If  a  soil  be  unproductive,  it  must  be  owing  to  some  defect  in  its  constitution, 
which  may  not  be  apparent  even  to  the  eve  of  the  most  experienced  hus- 
bandman. Not  all  his  observation,  nor  all  his  practice,  without  the  aid  of 
chemical  knowledge,  wiU  afibrd  him  any  means  either  of  ascertaining  the  cause, 
or  removing  the  effect  By  chemical  analysis,  however,  the  cause  is  readily 
determined,  and  the  remedy  made  obvious.  If  the  salts  €firon  be  present,  they 
may  be  decomposed  by  lime ;  if  an  excess  of  silicious  sand,  the  application  of 
da^  and  calcareous  matter  will  improve  it ;  if  vegetable  matter  be  in  excess, 
liming,  or  paring  and  burning,  will  be  advantageous.  The  excellent  rules  laid 
down  by  Sir  Humphrey  Davy,  in  his  Agricultural  Chemistry,  are  particularly 
deserving  of  attention.  In  cases  where  a  barren  soil  is  examined  with  a  view 
to  its  improvement,  it  ousht,  in  all  cases,  if  possible,  to  be  compared  with  an 
extremely  fertQe  soil  in  the  neighbourhood,  and  in  a  similar  situation.  Tha 
difference  given  by  their  analyses  would  indicate  the  methods  of  cultivation,  and 
thus  the  plan  of  improvement  would  be  founded  upon  accurate  scientific  prin- 
ciples. If  the  fertile  soil  contained  a  large  ouantity  of  sand  in  proportion  to  the 
barren  soO,  the  process  of  melioration  would  depend  simply  upon  a  supply  of 
this  substance ;  and  the  method  would  be  equally  simple  with  regard  to  soils 
deficient  in  day  or  calcareous  matter.  In  the  application  of  clay,  san{  loam,  marl, 
or  chalk,  to  lands,  there  are  no  particular  chenical  principles  to  be  observed;  but 
when  quick-lime  is  used,  great  care  must  be  taken  that  it  is  not  obtained  from 
the  magnesian  limestone,  for  in  this  case,  as  has  been  shewn  by  Mr.  Tennant, 
it  is  exceedingly  injurious  to  land.  The  magnesian  limestone  may  be  distin- 
guished from  the  common  limestone  by  its  greater  hardness,  and  bv  the  length 
of  time  that  it  requires  for  its  solution  m  at^ids ;  and  it  may  be  analysed  by  tlie 
process  for  carbonate  of  lime  and  magnesia.  When  the  analytical  comparison 
indicates  an  excess  of  vegetable  matter  as  the  cause  of  sterility,  it  may  be 
destroyed  by  much  pulverization  and  exposure  to  air,  by  paring  and  burning^ 
or  the  agency  of  recently  made  quick  lime.  The  deficiency  of  either  animal  or 
Tegetab&  matter,  must,  of  course,  be  supplied  by  animal  or  vegetable  manure. 
The  general  indications  of  fertility  and  barrenness,  as  found  by  chemical  expe- 
riments, must  necessarily  differ  in  different  climates,  and  under  different  cir- 
cumstances. The  power  of  soils  to  absorb  moisture,  a  principle  essential  to 
their  productiveness,  ought  to  be  much  greater  in  warm  and  dry  couqtries  than 
in  cold  and  moist  ones ;  and  the  quantity  of  fine  aluminous  earth  they  contain 
should  be  larger.  Soils,  likewise,  that  are  situated  on  declivities,  ought  to  be 
more  absorbent  than  those  in  the  same  climate  on  plains  or  in  valleys.  The  pro- 
ductiveness of  soils  must  likewise  be  influenced  by  the  nature  of  the  subsoils, 
or  the  earthy  or  stony  strata  on  which  they  rest ;  and  this  circumstance  ought 
to  be  particularly  attended  to  in  considering  their  chemical  nature,  and  the 
system  of  improvement  Thus,  a  sandy  soil  may  owe  its  fertility  to  the  power 
OT  the  subsoil  to  retain  water;  and  an  absorbent  clayey  soil  may  occasionally 
be  prevented  from  being  barren  in  a  moist  climate,  by  the  influence  of  a  sub- 
stratum of  sand  or  gravel.  Those  soils  that  are  most  productive  of  com,  contain 
alwajrs  certain  proportions  of  aluminous  or  calcareous  earth  in  a  finely-divided 
stste^  and  a  certain  quantity  of  vegetable  or  animal  matter.  The  quantity  of 
calcareous  earth  is,  however,  very  various,  and.  in-some  cases,  exceedingly  small. 
A  very  fertUe  com  soil  from  Ormesten,  in  East  Lothian,  afforded  in  ido  parts 
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only  11  parts  of  fine  calcareous  earth;  the  findy-^vided  clay  amounting  to  45 
parts,  it  lost  9  parts  in  decomposed  animal  and  y^table  matter,  ajid  4  in 
water,  and  exhibited  indications  of  a  small  quantity  of  phosphate  of  lime.  This 
soil  was  of  a  very  fine  texture,  and  contained  very  few  stones  and  vegetable 
fibres.  It  is  not  unlikely  that  its  fertility  was  in  some  measure  connectal  with 
the  phosphate,  for  this  substance  is  found  in  wheat,  oats,  and  barley,  and  may 
be  a  part  of  their  food.  A  soil  from  the  lowlands  of  Somersetshire,  celebrated 
for  producing  excellent  crops  of  wheat  and  beans  without  manure.  Sir  Humphrey 
Davy  found  to  consist  of  one-ninth  of  sand,  chiefly  silicious,  and  eight-ninths 
of  calcareous  marl,  tinged  with  iron,  and  containing  about  five  parts  in  the 
hundred  of  vegetable  matter.  He  could  not  detect  in  it  any  phosphate  or 
sulphate  of  lime,  so  that  its  fertility  must  have  denended  principally  upon  its 
power  of  attracting  principles  of  vegetable  nourisnment  m>m  water  and  the 
atmosphere.  In  some  experiments  made  by  Mr.  Tillet  on  the  composition  of 
soib  aoout  Paris,  he  found  that  a  soil  composed  of  three-eighths  of  clay,  two- 
eighths  of  river  sand,  and  three-eighths  of  the  parings  of  limestone,  was  very 
proper  for  wheat  In  general,  bulbous  roots  require  a  soil  much  more  sandy- 
and  absorbent  than  the  grasses.  A  very  good  potatoe  soU,  from  Varsel,  in 
Cornwall,  afforded  seven-eighths  of  silicious  sand,  and  its  absorbent  power  was 
so  small,  that  100  parts  lost  only  2  by  drying  at  400*  Fahrenheit  Plants  and 
trees,  the  roots  of  which  are  fibrous  and  hard,  and  capable  of  penetrating  deeply 
into  the  earth,  wiU  vegetate  to  advantage  in  almost  all  common  soils  that  are 
moderately  dry,  and  uo  not  contain  a  very  great  excess  of  vegetable  matter. 
The  soil  taken  from  a  field  at  Sheffield-place,  in  Sussex,  remarkable  for  pro* 
ducing  flourishing  oats,  was  found  to  consist  of  6  parts  of  sand,  and  1  part  of 
clay  and  finely  divided  matter;  and  100  parts  of  the  entire  soil  submitted  to 
analysis,  produced  water,  3 ;  silex,  54 ;  alumina,  28 ;  carbonate  of  lime,  3 ; 
oxide  of  iron,  5 ;  decomposing  vegetable  matter,  4 ;  loss,  3.  From  the  ^at 
difference  of  the  causes  that  influence  the  productiveness  of  lands,  it  is  obvious^ 
that  in  the  present  state  of  science,  no  certain  system  can  be  devised  for  their 
improvement,  independent  of  experiment ;  but  there  are  few  cases  in  which  the 
labour  of  analytical  trials  wiU  not  be  amply  repaid  by  the  certainty  with  which 
they  denote  the  best  methods  of  melioration;  and  this  will  particularly  happeOf 
when  the  defect  of  composition  is  found  in  the  proportions  of  the  prinutive 
earths.  In  supplying  animal  or  vegetable  manure,  a  temporaiy  food  only  is 
provided  for  plants,  which  is  in  all  cases  exhausteid  by  means  of  a  certain 
number  of  crops ;  but  when  a  soU  b  rendered  of  the  best  possible  constitution 
and  texture,  with  refi;ard  to  its  earthy  parts,  its  fertility  may  be  considered  aa 
permanently  establisned.  It  becomes  capable  of  attracting  a  very  large  portion 
of  vegetable  nourishment  from  the  atmosphere,  and  of  producing  its  crops  with 
comparatively  little  labour  and  expense.  For  the  mode  of  proceeding,  and  the 
instruments  required  in  making  analytical  experiments  on  soils,  we  can  refer 
the  reader  to  the  before-mentioned  work  of  the  late  illustrious  chemist;  very 
accurate  information  on  this  subject  will,  however,  be  found  in  Dr.  Ure's  ex- 
cellent DicUonary  of  Chemittry,  But  to  those  whose  busmess  it  may  be  to 
pursue  this  most  important  of  studies,  in  all  its  interesting  details,  we  strongbr 
recommend  the  perusal  of  the  articles  Aoriculture,  in  the  OafordEncydopttiUa 
and  Suppiementf  which  form  together  an  elaborate  compendium  of  the  best 
works  on  the  subject  in  the  English  language,  enriched  throughout  by  the  judi- 
cious observations  of  its  learned  editors. 

AIGREMORE.  A  name  given  to  charcoal,  when  in  that  state  of  preparation 
for  the  making  of  gunpowder,  which  renders  it  fit  for  the  admixture  of  tne  other 
constituent  materius. 

AIGUILLE.  (From  the  French,  needle.)  The  name  of  an  instrument  used 
b3r  military  endneers,  for  piercing  a  rock  for  the  lodgment  of  gunpowder  in  a 
mine.  A  simUar  instrument  is  used  in  the  common  operations  of  mining  and 
the  blasting  of  rocks. 

AILERON.  An  abutment  or  starline  erected  in  a  river  or  strong  current, 
to  prevent  the  action  of  the  water  jfrom  destroying  the  supports  of  a  bridge^  or 
other  building  similarly  circumstanced. 
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AIR,  Atmospbbric.  From  the  remotest  antiquity,  until  a  comparativelv 
recent  period,  the  air  was  considered  as  one  of  four  elements,  of  which  au 
thinn  were  compounded ;  and  it  was  generally  held  to  he  a^  invisihle,  impon- 
derable, and  simple  substance.  Some  of  the  ancients,  it  is  true,  had  vague 
notions  of  its  gravitating  power  and  of  its  elasticity ;  amongst  others  may  be 
mennoned  Aristotle,  who  says,  that  a  bladder  filled  with  air  weighs  more  Uian 
when  ouite  empty ;  and  Hero  also  says,  that  the  air,  in  a  given  cavitv,  may  be 
rarefied  by  sucking  out  a  part  of  it ;  but  still  their  ideas  were  very  imperfect, 
and  their  opinions  were  abandoned  by  their  followers,  for  various  absurd  hypo- 
theses by  which  they  attempted  to  account  for  the  phenomena  produced  by  the 
action  of  the  atmosphere.  It  was  not  until  near  the  middle  of  the  seventeenth 
century,  that  the  real  nature  and  properties  of  the  atmosphere  were  ascertained 
with  precision  and  confirmed  by  experiment.  For  these  discoveries  we  are 
princ^ially  indebted  to  Galileo,  and  his  pupil  Torricelli.  Galileo  taught  that 
the  air  had  weight,  but  does  not  appear  to  have  applied  this  idea  to  explain 
those  pneumatic  phenomena  which  were  then  absurmy  attributed  to  an  imagi- 
nary jftrinciple  of  nature,  termed  a  horror  of  a  void :  but  Torricelli  following  up 
the  principle,  shewed,  by  incontrovertible  experiment,  that  the  rise  of  flui&  m 
pomps  was  owinf  to  the  pressure  of  the  atmosphere,  and  that  the  height  to 
which  fluids  would  rise  m  eocuo,  was  exactly  proportionate  to  their  weight, 
which  would,  in  all  cases,  be  exactly  equal  to  a  column  of  air  of  the  same  base, 
and  of  the  height  of  the  atmosphere.  These  great  principles  were  successfully 
fdlowed  up  by  various  eminent  philosophers,  and  numerous  important  con- 
dnsions  and  useful  applications  or  them  were  the  result  Towavds  the  close  of 
the  nineteenth  century,  the  air  was  discovered  to  be  a  compound  of  two  gases, 
to  which  the  names  of  oxygen  and  azote  were  given,  and  tnis  discovery  served 
as  the  basis  of  the  modem  system  of  chemistry,  which  has  been  so  fertile  in 
brilliant  scientific  results.  Under  the  articles  Cubmistry  and  Pneumatics 
will  be  found  the  demonstrations  of  the  chemical  and  physical  properties  of  the 
atmosphere ;  we  shall,  therefore,  in  this  place,  merely  state  what  are  its  prin- 
cipal characteristics,  and  the  uses  to  which  they  are  made  subservient  in  many 
processes  of  the  arts  and  manufactures.  Air,  then,  is  an  invisible  elastic  and 
ponderable  gaseous  fluid,  its  bulk  and  density  depending  upon  its  temperature, 
and  the  pressure  to  which  it  is  exposed.  Under  a  pressure  of  30  inches  of 
mercury,  and  at  a  temperature  of  6(^  Fahrenheit,  its  spec,  grav-  as  ascertained 
with  great  care  and  accuracy  by  Messrs.  Arago  and  Biot,  is  .00122,  water  being 
LOOMM),  or  it  is  820  times  lighter  than  water ;  and  if  we  take  a  cubic  inch  of 
water  to  weigh  252.525  grains,  then  100  cubic  inches  of  air  will  weigh  30.808 
grains,  and  a  cubic  foot  will  weigh  532.36  grains.  Marietta  ascertained  that 
Its  hmk  is  inversely  as  the  pressure,  a  double  pressure  reducing  a  given  volume 
to  half  its  bulk.  The  applicability  of  this  law  to  air  under  very  n-eat  pressure, 
has  been  questioned,  but  not  satisfactorily  disproved ;  and  for  all  practical  pur- 
poses it  may  be  safely  received;  whilst,  frcm  its  simplicity,  it  may  be  remem- 
tiered  with  ease  and  applied  with  facility.  Air  expands  by  an  increase  of 
temperature,  the  rate  of  expansion  is  not  exactly  equal  for  equal  increments 
of  heat^  hut  on  an  average,  the  increase  of  bulk  above  32®  Fahrenheit  is  j^  of 
its  hulk,  for  each  degree  of  heat  on  the  same  scale.  The  expansion  or  rare- 
fiiction  of  air  is  accompanied  by  a  decrease  of  its  temperature,  and  in  its  conden- 
sation or  compression,  it  gives  out  a  proportional  ouantity  of  heat  Air  can  take 
np  and  hold  in  solution  a  portion  of  water  depending  upon  the  temperature. 

AIR-PUMP.  An  instrument  or  machine  for  exhausting  or  rarefying  the 
air  in  cloaed  vessels,  and  very  generally  employed  to  illustrate  the  properties  of 
air»  and  to  explain  the  various  phenomena  connected  with  the  science  of 
pneomatics.  The  inventor  of  the  air-pump  was  Otto  Guericke,  a  magistrate 
of  Maffdeburgh ;  his  machine  was  of  a  rude  and  inconvenient  structure,  and 
worked  under  water,  but  a  description  of  it  having  been  received  by  Mr. 
Boyle,  he,  with  the  assistance  of  Dr.  Hook,  introduced  such  improvements  in 
the  oonstruction  as  to  render  the  machine  extremely  serviceable  in  philosophical 
experiments  upon  the  nature  and  properties  of  tne  atmosphere.  Numerous 
improvements  have  since  been  made  by  Hawksbee,   Graresand,   Smeaton, 


PriDM,  iind  otbcn ;  but  more  efpecially  by  Mr.  Cathbertton,  whow  trtaage- 
mrntj  are  w  excellent  u  to  claim  a  pniticular  notice  and  description. 


f^.  1  representi  a  penpective  view  of  tlie  macliinF,  with  iti  , 

gauges  icrewed  into  their  placea,  which  need  not,  however,  be  used  togetl 
except  in  csaes  requiring  the  utmoit  eioctneMj  hut  in  common  experimenta, 
one  of  them  ii  removed,  and  ■  atop-cock  put  in  its  place.  Fig.  2  ia  a  sectiMl 
of  one  of  the  barrel*,  wiUi  all  ill  internal  parts ;  /io.  3  a  aection  of  the  |)uton  ; 
and  .^(.4  and  Sparta  of  tlie  piston,  shewn  detached  for  the  sake  of  peiapieuity. 
In  Fig.  2,  C  D  repreients  the  barrel,  F  the  collar  of  leathers,  G  a  hollow  cylin- 
drical vessel  lo  contain  oil ;  R  is  also  an  oil-vessel  lo  receive  the  oil  which  is  drawn 
along  with  the  air  from  the  barrel  when  the  piston  Is  drawn  upwards,  and 
when  this  veascl  ia  fUll  the  oil  is  carried  over  with  the  air  along  the  tube  T 
into  the  oil  vessel  G ;  e  c  ia  a  wire  which  is  driven  upwarda  from  the  hole,  by 
the  passage  of  the  air,  and  aa  aoon  as  this  has  escaped,  it  falb  down  again  b) 
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it*  om   weigbt,  ihuti  the  hole,  and  prerenta  the  return  of  the  mt  into  the 
Eurrel ;  at  d  axe  fixed  two  pieces  of  brass  to  keep  the  wire  c  c  in  a  veitic*] 

esition,  in  order  that  it  rosy  accurately  shut  the  bole.  H  is  the  piston  rod, 
ring  a  rack  on  the  upper  end,  and  made  holloir  to  reoeive  a  long  wire  g, 
which  opens  and  shuts  the  hole  L  j  on  the  lower  end  of  Uiii  wire  is  (crewed  a 
nut  0^  which,  bj  stopping  in  the  narroweat  part  of  the  hole,  preve 
f  from  beinK  drawn  up  too  far.  This  nut  and  screw  are  teen  mi 
■n  Py.  3  i  &e  wire  shdes  in  a  collar  of  leathers  shewn  in^j.  3  and  i  in  the 
middle  piece  of  the  piston.  Itgi.  4  and  5  ere  the  two  main  pieces  which  com- 
pose the  piston,  which  is  shewn  entire  in  ^.  3 ;  Fig.  5  i*  a  conical  piece  of 
brass  having  a  shoulder  at  bottom ;  a  long  hcdlow  screw  is  cut  about  two-thirds 
of  its  length,  and  the  remaining  port  of  the  hole,  in  which  there  is  no  screwiis 
about  the  same  diameljcr  as  the  screwed  part,  except  a  thin  plate  at  the  end, 

iieter  of  die  hole  is  just  equal  to  thi '  "^  ' 

of  the  iudde  of  the  contea]  bcaaa  in  which  n 


leslbers,  haTing  holes  in  tbem,  Arough  which  the  trire  can  slide  stiffly ;  a  abort 
external  screw,  working  in  the  internal  screw,  and  a  washer  with  holei  in  tbem, 
through  which  the  wire  g  passef,  serre  to  eomprev  the  leather*,  a  a  Ftgi.  3 
and  4  is  the  outside  of  the  piston,  the  inside  of  which  a  turned  so  at  exacUy  to 
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fit  the  outside  of  Fig,  6;  hb.  Fig.  3,  are  round  leathers,  about  60  in  number 
of  the  same  diameter  as  fUtte  barrel  C  D,  and  haying  holes  in  the  centre  to 
receive  a  a  ;  a  circular  plate,  or  washer,  e  c,  Fig.  3,  is  placed  over  the  leather, 
and  a  nut  d  d,  upon  a  screw  cut  upon  the  upper  end  of  a  a,  serves  to  compress 
them.  The  piston  rod  ILis  screwed  into  the  middle  piece  of  the  piston.  Fig.  5, 
and  when  drawn  upwards,  it  will  cause  Fig.  6  to  stiut  close  into  Fig.  4,  and 
drive  out  the  air  above  it;  but  when  pushed  down  it  will  open  as  nr  as  the 
shoulder  on  the  rod  will  allow,  and  permit  the  air  to  pass  between  Figs.  5  and 
4.  Having  thus  described  at  large  the  several  parts  of  this  machine,  we  proceed 
to  explain  the  process  of  rarefaction,  which  is  carried  on  in  the  following  man- 
ner:— Conceive  the  piston  to  be  at  the  bottom  of  the  barrel,  the  inside  of  which 
contains  common  air.  Now  when  the  rod  is  drawn  up,  the  upper  part  of  the 
piston  sticks  fiut  in  the  barrel,  till  the  conical  part  connected  with  the  rod  shuts 
the  conical  hole,  and  its  shoulder  mplies  close  to  its  bottom.  The  i>iston  bein^ 
now  shut,  the  whole  is  drawn  up  by  the  rack-work  driving  the  air  before  it 
throu^  the  aperture,  into  the  oil  vessel  at  r,  and  out  into  the  atmosphere  b^  the 
tube  T.  The  piston  will  then  be  at  the  top  of  the  barrel,  and  the  wire  p 
wOl  stand  nearly  as  shewn  in  the  figure,  just  raised  from  the  hole  L,  where  it 
is  prevented  from  rising  higher  by  the  nut  O.  During  this  motion,  the  air  will 
eniand  in  the  receiver,  and  come  along  the  bent  tube  into  the  barrel;^  by 
this  means  the  barrel  will  be  again  filled  with  air,  which,  as  the  piston  rises, 
will  be  rarefied  in  the  proportion  of  the  capacity  of  the  receiver,  pipes,  and 
barrel  together,  to  that  of  the  latter  alone.  When  the  piston  is  moved  down 
again  by  the  rack-work,  it  will  force  the  conical  part,  Fig.  5,  out  of  the  hollow 
part,  Fij.  4,  as  fiir  as  the  shoulders  a  a.  Fig.  3  wOl  rest  on  a  a,  Fif.  4,  which 
will  then  be  so  far  open  as  to  permit  the  air  to  pass  finely  through  it,  while  at 
the  same  time  the  end  of  ggu  forced  against  the  top  of  the  hole,  and,  by 
shutting,  prevents  any  air  from  returning  into  the  receiver;  thus  the  piston 
moving  downwards  sufTers  the  air  to  pass  out  between  the  sides  of  Figs.  4  and  5, 
and  men  it  is  at  the  bottom  of  the  barrel,  it  will  have  the  column  of  air  above 
it,  and,  consequently,  when  drawn  up,  it  will  shut  and  drive  out  the  air,  and  b^ 
opening  Uie  hole  at  L,  will  at  the  same  time  give  a  free  passage  to  more  aur 
from  the  receiver.  This  process  being  continued*  the  air  of  the  receiver  will 
be  rarefied  as  fiu-  as  its  expansive  powers  will  permit,  for  in  this  machine  there 
are  no  valves  to  be  forced  open  by  the  elasticity  of  the  air  in  the  receiver, 
which  at  last  it  is  unable  to  effect ;  there  is,  therefore,  nothin^^  to  prevent  the 
air-  from  expanding  to  its  utmost  degree,  which  is  die  peculiar  excellency  of 
this  construction. 

Although  the  machine  just  described  is  equally  adapted  for  condensing  air 
as  for  rarefying  it,  by  merely  connecting  the  bent  pipe  with  the  oil  vessel  R, 
instead  of  the  lower  part  of  the  pump,  yet  as  the  former  operation  seldom 
requires  Uie  same  deucacy  of  process,  it  is  frequently  effected  by  a  simpler 
machine,  termed  a  condensing  syringe.  The  following  description  will  give  an 
idea  of  the  ordinary  construction  of  Uiis  instrument,    a  is  a  cylindrical  tube  of 


JS. 


small  diameter,  open  at  one  ena,  the  other  end  perforated  with  a  verv  small  hole 
h,  and  being  turned  externally  to  a  verjr  small  cylinder.  A  strip  of  bladder,  or  of 
thin  leather,  soaked  in  a  mixture  of  oil  and  tauow,  must  be  tied  over  the  hole. 
On  the  end  of  tlie  cylinder  is  cut  an  external  screw,  to  attach  it  to  the  vessel 
in  which  the  air  u  to  be  condensed,  e  is  the  piston  moving  air-tight  ia  a;  d, 
the  piston  rod  screwing  into  c;  this  rod  is  perforated  with  a  small  hole  throughout 
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itH  lenethy  the  lower  end  of  the  hole  having  a  valve  e,  similar  to  the  valve  5  in 
the  cyBnder,  and  opening  into  the  cylinder.  To  the  upper  end  of  the  rod  is 
fixed  a  handle.  ^  is  the  neck  of  the  receiver,  having  a  hollow  screw  fitting  the 
solid  screw  on  the  end  of  the  cylinder.  Now  when  the  piston  is  drawn  up,  a 
void  is  left  helow  it,  and  the  external  air  rushing  throu^  the  perforation  or  die 
piston  rod,  opens  the  valve  e,  and  fills  the  cylinder.  Then,  on  pushing  down 
the  piston,  the  valve  e  doses ;  the  air  being  compressed  into  less  sjMce,  presses 
on  tne  valve  g^  ^uts  it^  and  none  escaping  through  the  piston,  it  is  gradually^ 
condensed  as  Uie  piston  descends  till  it  opens  tiie  valve  6,  and  is  added  to  tlie* 
air  already  accumulated  m  y.  We  may  thus  force  into  the  vessel  any  quantity 
of  air  consistent  with  its  strength ;  and  if  the  receiver  be  furnished  with  a  stop- 
cocL  the  cock  may  be  turned,  and  the  receiver  be  detached  firom  the  syringe, 
andthus  be  in  a  state  to  be  transferred  to  any  other  purpose  required.  In  all 
cases  where  considerable  force  is  required,  and,  consequently,  a  great  conden- 
sation of  air,  it  will  be  reauiBite  to  have  the  condensing  synnse  of  small  bcnre, 
perhaps  not  exceeding  halt  an  inch  diameter,  otherwise  the  force  requisite  to 
produce  the  compression  will  become  so  great,  that  the  operator  will  not  be  able 
to  work  the  machine ;  for  as  the  nressure  a^nst  each  square  inch  is  about 
15  lbs.  for  each  additional  volume  of  air  forced  mto  the  receiver,  and  12  lbs.  upon 
each  circular  inch,  if  the  syringe  be  of  1  inch  diameter,  it  will  require  a  force 
of  120  lbs.  to  condense  ten  volumes  of  air  into  the  barrel,  whereas  with  a  half- 
inch  bore  it  would  only  require  30  lbs. 

We  insert  the  following  description  of  an  air-pump  on  account  of  its  extreme 
aimplicity.  It  is  the  invention  of  Mr.  W.  Ritcme,  and  has  no  artificial  vidves, 
which,  as  commonly  constructed,  are  very  liable  to  be  deranged,  and  the  repairs 
axe  attended  with  considerable  trouble  and  expense.  The  machine  consists  of 
a  barrel  shut  at  the  lower  end,  and  having  a  small 
aperture  at  c,  forming  a  free  communication  with  the 
receiver  at  /;  the  piston  d  is  solid,  and  stufied  in  the 
usual  way.  The  piston  rod  works  in  a  small  stufiing-box  at 
a,  so  as  to  render  it  completely  air  tight  There  is  a  small 
aperture  at  e,  in  the  top  of  the  barrel,  to  allow  the  air  to 
make  its  escape  when  the  piston  is  raised.  The  air-pump 
may  be  worked  in  the  usual  way,  or  by  the  method  of 
continued  motion.  In  commencing  the  exhaustion  of  the 
receiver,  the  piston  is  supposed  to  be  below  the  small 
aperture  at  e.  The  piston  is  then  raised,  and  the  air 
which  occupied  the  narrel  is  forced  out  through  the 
aperture  at  e.  The  point  of  one  of  the  fingers  is  applied 
to  the  perforation  in  the  same  manner  as  in  playing 
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the  German  flute.    The  air  easily  passes  by  the  finger     r-^\ 
which,  when  the  piston  begins  to  descend,  shuts  Uie     '— *- 
opening,  and  completely  prevents  the  entrance  of  the 
extern^  air.    The  piston  is  again  forced  down  below 
the  openinff  e,  the  air  in  the  receiver  rushes  into  the 

barrel  and  is  again  expelled  by  the  ascending  piston.  Since  the  air  in  the 
receiver  has  no  valve  to  open  by  its  elasticity,  it  is  obvious  that  there  is  no  limit 
to  the  decree  of  exhaustion,  as  in  the  common  construction.  For  a  long  time 
the  use  of  the  ux^pump  was  confined  to  the  purposes  of  philosophical  experi- 
ment :  the  first  application  of  it  to  mechanical  purposes  was  made  by  Bolton 
and  Watt,  in  their  steam  engines,  where  it  is  used  for  drawing  off  the  air 
extricated  from  water  by  boilmg,  as  also  the  water  uked  for  condensing  tibe 
steam ;  and  about  twenty  years  ago,  the  Hon.  £.  Howard  availing  himself  of  a 
well-known  principle,  that  liquids  enter  into  ebullition  at  a  much  lower  degree 
of  temperature  in  vacuo,  than  when  under  the  pressure  of  the  atmosphere^ 
introduced  a  most  important  improvement  in  the  process  of  sugar  refining,  by 
concentrating  the  syrup  in  close  vessels,  in  which  a  vacuum  is  maintained  by 
means  of  an  air-pump ;  and  subsequently,  Messrs.  Allen  &  Co.  of  Plough  Court, 
have  adopted  the  principle  in  preparing  the  more  delicate  medicinal  extracts. 
A  patent  has  albo  oeen  taken  out  ror  more  speedfly  tanning  leather,  by  enclosing 


the  akiiu  in  boxM,  and  exhouitinr  tha  air  Irom  the  upper  tuiface  of  tb«  akina, 
whilM  the  lower  lurface  ia  expoaM  to  the  taiming  liquor,  whi^  is  forced  into 
the  porei  by  the  preaaure  o(  Uie  atmoaphere.  Dr.  Church,  of  Birmingham,  alio 
hat  a  patent  for  improvementa  in  caatmg  metala,  which  consiata  in  eshauiting 
the  air  from  the  moulda ;  and  patenta  have  been  taken  out  for  diatillation  in 
vacuo,  all  of  which  applicationa  of  the  aii^pump  we  pmpoae  to  ezplaia  in  detail 
when  we  come  to  treat  of  the  above-nam^  manufacturing  proceaaea. 

In  (he  description  of  Cnthbertaon'a  •ii~punip  it  waa  atated  that  it  was  equally 
applicable  to  the  condenaation  of  air,  as  to  ita  exhauation.    We  now  present  to 
-       '—  ■  ■         -i-r-i.  :,  the 

used  for  coropreasing  the  gaa  into  the  portable  gaa-hoMera,  and  will  be  fapnd 


very  eSectivc  in  subjecting  any  air  or  gas  to  a 

volume  of  gaa  taken  into  the  pump  at  each  atr.    .  .  „ 

mercury  emploved  in  the  pump  completely  excluding  every  portion  from  below 
the  delivery  valve.    The  figure  repreaents  a  vertical  section  of  one  of  the  pumpa. 
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with  the  plunger  a  at  its  lowest  immersion,  or  down-stroke,  as  it  is  called. 
At  this  moment  of  time  every  part  of  the  sjrphon  is  completely  filled  with  the 
fluid  it  contains  to  the  entire  exdnsion  of  atmospheric  air,  the  deeply  shadowed 
part  c  heing  water,  and  the  lighter  tint,  quicksilver.  It  will  therefore  be  easily 
conceived  that  when  the  plwiger  is  withdrawn  by  the  up-stroke,  an  empty 
space  or  vacuum,  equal  to  the  cubic  admeasurement  of  the  plunger,  will  be  left 
in  the  sjrphon ;  and  as  mercury  is  a  much  heavier  body  than  wator,  the  latter 
is  poshed  up  by  the  former,  and  follows  the  plunder  as  it  ascends.  The  mercury, 
consequently,  sinks  below  its  present  level,  which  causes  the  ''suction  valve"  € 
to  open,  and  to  let  in  a  volume  of  gas  at  the  ordinary  pressure,  which  flows 
from  a  gasometer,  or  gaa-holder,  through  the  pipe  /.  At  the  down-stroke  of 
the  plunger,  the  eas  is  then  compressed  and  forced  through  the  discharge  valve, 
(which  opens  only  outward)  into  thepipe  A,  which  leads  to  a  strong  recipient 
into  which  the  gas  b  condensed.  Ine  action  of  the  pumps  being  continued* 
the  compression  of  the  gas  is  effected  to  whatever  degree  may  be  required, 
provided  the  power  of  the  gas  engine,  or  other  first  mover,  be  adequate.  In 
the  Portable  Gas  Works  alx>ve-mentioned,  there  were  recently  nine  pumps  in 
operation,  worked  by  a  lO-horse engine.'  The  quicksilver  and  water  are  poured 
into  the  syphon  by  means  of  the  basin  and  perforation  at  i,  the  aperture  at  k 
being  opened  to  allow  the  air  to  escape ;  the  i^erture  k  is  next  made  perfectly 
tight  by  a  plu^,  which  is  screwed  into  tho  orifice,  during  which  time  the  water  is 
continually  bemg  poured  in  at  t,  to  expel  the  air  completely,  and  fill  up  every 
crevice  with  the  fluid ;  another  |dug  is  then  screwed  into  the  orifice  at  t,  with 
the  water  above  it  After  this,  the  first  down-stroke  of  the  plunger  ezpeb  the 
atmospheric  air  on  the  surface  of  the  mercury,  in  the  short  leg  of  the  syphon, 
and  the  pump  is  then  ready  to  perform  the  office  of  alternately  drawing  in  the 
gas  from  the  gas-holder,  and  compressing  it  into  the  portable  lamps.  The  gas 
sent  out  by  the  company  is  compressed  into  ^  of  its  original  vohime. 

AlRrOUN.  A  machine  in  which  highly-compressed  air  is  substituted  for 
gunpowder  to  expel  the  ball,  which  will  be  projected  forward  with  greater  or 
Mss  velocity,  according  to  the  state  of  condensation,  and  the  weight  of  the  body 
projected.  The  effect  wUl,  therefore,  be  similar  to  that  of  a  gun  charged  with 
gunpowder,  for  inflamed  gunpowder  is  nothing  more  than  air  very  greatly  conr 
denied,  so  that  the  two  forces  are  exactly  similar.  The  elasticity  of  the  air 
generated  by  the  inflammation  of  gunpowder  has  been  estimated  by  Mr.  Robins 
as  equal  to  about  1000  times  that  of  common  air ;  it  would  therefore  be  requisite 
to  condense  air  into  one-thousandth  part  of  its  original  bulk  to  produce  the  effects 
of  gunpowder.  There  is,  however,  this  important  consideration  to  be  attended 
to^  vix.  that  the  velocities  with  which  balls  are  impelled  are  directly  proportional 
to  the  square  root  of  the  forces ;  so  that  if  the  air  in  an  air-gun  be  condensed 
only  ten  times,  the  velocity  will  be  equal  to  A  of  that  arising  nrom  gunpowder; 
if  condensed  twenty  times,  the  velocity  would  be  |  that  of  gunpowder,  and  so 
on.  Air-guns,  however,  project  their  balls  with  a  much  greater  veloci^  dian  that 
assigned  above,  and  for  this  reason,  that,  as  the  reservoir  or  magaxine  of  con- 
densed air  is  commonly  very  large  in  proportion  to  the  tube  which  contains  the 
ball,  its  density  is  very  little  altered  by  pasnng  through  that  narrow  tube,  and 
consequently  Uie  ball  is  urged  all  the  way  by  nearly  Uie  same  force  as  at  the 
first  instant ;  whereas  the  elastic  fluid  arising  from  inflamed  gunpowder  is  but 
very  small  indeed  in  propordon  to  the  tube  or  barrel  of  the  gun,  and  therefoitB 
by  dilating  into  a  comparatively  large  space  as  it  urges  the  biSl  along  the  barrel, 
its  force  is  proportionally  weakened,  ana  it  always  acts  less  and  less  on  the  ball  in 
the  tube.  Hence  it  happens,  that  air  condensed  only  ten  times  into  a  pretty  large 
receiver,  will  project  its  ball  with  a  veloci^  little  inferior  id  that  of  gunpowder. 
Having  dius  explained  the  principle  of  the  machine,  we  shaH  proceed  to  aescribe 
the  construction  of  one :  that  by  Martin  is  perhaps  the  best,  and  is  as  follows  :-^ 
It  consists  of  a  lock,  stock,  barrel,  ramrod,  &c.  of  about  the  size  and  weight  of 
a  common  fowling-piece.  Under  the  lock  at  6  is  screwed  on  a  hoUow  copper 
bdl  e,  perfectly  air-tight  This  ball  is  ftJIy  charged  with  condensed  air,  by 
means  of  the  syringe  %  previous  to  its  bein^  applied  to  theutube  at  b.  Being 
charged  and  screw^  on  as  above  stated,  if  a  bullet  be  rammed  down  in  tlia 
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barrd,  and  the  trigger  a  be  pulled,  the  pin  in  b  will*  by  the  sprine^work  in  the 
lock,  forcibly  strike  out  into  the  ball,  ana  thence  by  puflhing  it  suddenly,  a  valre 
within  it  will  let  out  a  portion  of  the  condensed  air,  which,  rushing  through 
the  aperture  in  the  lock,  will  act  forcibly  against  the  ball,  impelling  it  to  the 


distance  of  60  or  70  yards,  or  fbrther,  if  the  air  be  strongly  compressed.  At 
every  discharge  only  a  portion  of  the  air  escapes  from  the  ball ;  therefore,  by 
re-cocking  the  piece  another  discharge  may  be  made,  which  may  be  repeated 
for  a  number  of  times  proportioned  to  the  size  of  the  ball.  Ijie  air  in  the 
copper  ball  is  condensed  by  the  syringe  B  in  the  following  manner.  The  ball 
is  screwed  quite  close  on  the  top  of  the  syxinffe ;  at  the  end  of  the  steel-pointed 
rod  a  is  a  stout  ring,  through  which  passes  £e  rod  k ;  upon  this  rod  tne  feet 
should  be  firmly  set;  then  the  hands  are  to  be  applied  to  the  two  handles  s  t 
fixed  on  the  side  of  the  barrel  of  the  syringe,  when,  by  moving  the  barrel  B 
steadily  up  and  down  on  the  rod  a,  the  balTc  will  become  charged  with  con- 
densed air,  and  the  progress  of  condensation  may  be  estimated  by  the  increasing 
difficulty  in  forcing  down  the  syringe.  At  the  end  of  the  rod  k  is  usually  a 
square  hole,  that  the  rod  may  serve  as  a  key  for  attaching  the  ball  to  either  the 
gun  or  syringe.    In  the  inside  of  the  ball  is  fixed  a  valve  and  spring,  which 

S'ves  way  to  ue  admission  of  the  air,  but  upon  its  emission,  comes  dose  up  to 
e  orifice,  shutting  out  the  external  air.  The  piston  rod  works  air-tif  ht  by  a 
collar  of  leather  on  it,  in  the  banrel  B ;  it  is  therefore  obvious  that  when  the 
barrel  is  drawn  up,  the  air  will  rush  in  at  the  hole  A ;  when  it  is  pushed  down, 
it  will  have  no  other  way  to  pass  from  the  pressure  of  the  piston  but  into  the 
ball  c  at  the  top.  The  barrel  being  drawn  up,  the  operation  is  repeated,  until 
the  condensation  is  so  great  as  to  resist  the  action  of  Uie  piston.  If  air  be  veiy 
suddenly  compressed  into  a  small  compass,  the  heat  given  out  is  so  considerable^ 
as  to  be  sufficient  to  ignite  inflammable  substances.  This  discovery  was  made, 
accidentally»  by  a  French  soldier,  who^  in  deanine  his  musket  with  some  wadding 
fastened  to  the  ramrod,  found,  after  thrusting  ue  ramrod  suddenly  down  the 
piece^  that  the  wadding  had  ignited.  The  fact  he  communicated  to  tne  National 
Instituto,  and  repeated  the  experiment  in  their  presence.  This  property  has 
been  turned  to  audvantage  in  an  apparatus  denominated,  "  An  Instantaneous 
Light  Machine,"  constructed  in  a  walking  stick,  which  consists  of  a  piston 
accurately  fitted  and  worked  in  a  cylinder,  by  the  sudden  stroke  of  whicn  the 
volume  of  air  contained  in  the  cylinder  becomes  so  much  compressed  aa  to  eive 
out  sufficient  heat  to  set  fire  to  a  piece  of  the  substance  termed  German  tinaer. 
A  patent  was  also  taken  out  in  1826,  by  Mr.  Newmaroh,  of  Cheltenham,  for  a 
sunilar  method  of  exploding  fire-arms,  by  means  of  a  cylinder  and  piston* 
enclosed  in  the  stock  nehina  the  breech,  which  has  a  small  hole,  doaea  by  a 
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valve.  The  piston  is  forced  back,  by  means  of  a  lever,  against  a  powerftd 
spring,  and  upon  being  released,  is  impelled  forward  into  the  cylinder  with  such 
force,  as  to  cause  the  air  before  it  to  give  out  its  caloric  in  the  state  of  sensible 
heat  or  fire  at  the  aperture  in  the  breech,  which  passing  the  valve,  enters  the 
bairel,  and  instantly  ignites  the  charge  of  powder. 

AIRrPRESSURE  ENGINES.     Engines  in  which  the  difference  of  pres- 
sure of  air  of  different  densities  is  employed  as  a  motive  force.    From  the 
extreme  lightness  and  mobility  of  air,  it  has  been  frequently  proposed  to  employ 
it  as  a  medium  for  transmitting  motion  to  machinery  at  a  consiaerable  distance 
from  the  prime  mover.    Amongst  the  first  who  attempted  this,  is  the  cele- 
brated Papin,  who  invented  the  steelyard  safety-valve.    He  enipioyed  a  fall 
of  water  to  compress  the  air  in  a  cylinder,  through  the  medium  of  an  interven- 
ing piston ;  and  he  connected  this  cylinder  to  another,  at  the  mouth  of  a  mme 
a  nule  distant,  by  means  of  a  pipe  of  that  length.    In  the  second  cylinder  was 
another  piston,  the  rod  of  whicn  was  intended  to  work  a  set  of  pumps ;  but 
contrary  to  expectation,  the  compression  of  the  air  in  the  first  cylinder  produced 
no  movement  in  the  piston  of  the  second.    Papin  subeequentlv  attempted  to 
bring  his  scheme  into  use  in  England,  but  did  not  succeed.    Aiterwards,  how- 
ever, he  erected  great  machines  in  Auver^e  and  Westphalia,  for  draining 
mines,  but  so  far  from  being  effective  machmes,  they  would  not  even  begin  to 
move.     He  attributed  the  failure  to  the  quantity  of  air  in  the  pipe,  which  must 
be  condensed  before  it  can  condense  the  air  in  the  remote  cylinder ;  he  there- 
fore diminished  the  size  of  this  pipe,  and  made  his  water  machine  exhaust 
instead  of  condense,  and  had  no  doubt  that  the  immense  velocity  with  which 
air  rushes  into  a  void,  would  make  a  rapid  and  effectual  communication  of 
power.    But  the  machine  stood  still  as  before.    Near  a  century  after  this,  an 
engineer  at  an  iron  foundry  in  Wales,  erected  a  machine  at  a  powerful  &11  of 
water,  which  worked  a  set  of  cylinder  bellows,  the  blow-pipe  of  which  was  con- 
ducted to  the  distance  of  a  mile  and  a  half,  where  it  was  applied  to  a  blast 
furnace ;  but  notwithstanding  every  care  to  make  the  conducting  pipe  veiy  air- 
tight, of  great  size,  and  as  smooth  as  possible,  it  would  hardly  blow  out  a  candle. 
llie  failure  was  ascribed  to  the  impossibility  of  making  the  pipe  air-tight ;  but 
above  ten  minutes  elapsed  afler  the  action  of  the  piston  in  tne  bellows,  before 
the  least  wind  could  be  perceived  at  the  end  of  the  pipe,  whereas  the  engineer 
had  calculated  that  the  mterval  would  not  exceed  six  seconds.    The  foregoing 
particulars  are  taken  from  Dr.  Robinson's  Natural  Phihsophy,  art  Pneumatict, 
and  an  explanation  ia  offered  of  this  curious  phenomenon ;  but  on  account 
of  its  prolixly,  we  omit  it;  but  the  following  remarks,  which  appeared  in 
the  Franklin  Journal,  are  deserving  of  notice.     "  If  we  take  a  particular  care, 
and  calculate  the  resistance  of  air  moving  through  pipes  according  to  ac- 
knowledged principles,  we  shall  find  nothing  mysterious  in  the  above  result. 
It  will  be  found,  that  if  the  blow-pipe  is  3  inches  in  diameter,  and  only  a 
mfle  long,  the  air  at  one  end  must  he  kept  constantly  condensed  by  a  pres- 
sure equal  to  5^  atmospheres  to  produce  a  velocity  of  128  feet  per  second ; 
and  yet  this  velocity  gives  only  2304  gallons  per  minute,  only  about  half  the 
quantity  used  in  the  furnaces  of  Europe ;   a  blast  furnace  there  expels  720 
cubic  feet  of  air  per  minute,  {Mech,  Phuos,  Vol.  VIII.  p  784,)  if  we  calculate 
the  velocity  of  water  issuing  from  a  pipe  a  mile  long,  and  3  inches  in  diameter, 
under  a  9-foot  head  and  fall,  to  be  1  foot  per  second.    Now,  as  equal  velocities 
are  known  to  be  generated  in  all  fluids  by  equal  heads,  all  other  circumstances 
being  equal,  it  wm  follow  that  a  9-foot  head  of  air,  or  ^  of  a  head  of  9  feet  of 
water,  will  generate  in  air  a  velocity  of  1  foot  per  second  in  a  tube  3  inches  in 
diameter,  and  a  mile  long.  Again,  it  is  known  both  from  theory  and  experiment 
that  the  heads  of  pressure  generating  velocities  in  fluids,  are  as  the  squares  of 
the  velocities ;  now  the  square  of  1  is  1,  and  the  square  of  128  is  16,384,  there- 
fore the  head  of  pressure  due  to  the  velocity  of  128  feet,  is  obtained  by  the 
following  proportion,  as  1  :  16384  ::  9  :  147456,  and  this  number  divided  by 
800,  gives  184^  equal  to  a  pressure  of  5i9  atmospheres,  as  before  said:  now  if 
we  suppose  tliis  velocity  doubled,  or  256  feet  a  second,  in  order  to  discharge  air 
enough  for  a  blast  furnace,  the  head  of  pressure  must  be  four  times  as  great,  or 
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npwanb  of  31  atiiio*pher«*.  Thii  would  reqiiiic  ■  nuchine  of  3126  bon* 
power,  proTJdad  a  hone  can  work  ei^ht  hours  a  dar,  niiing  140  lb*.  200  feet 
per  minute.  NotwithUanding  the  failure  of  both  of  the  plan*  of  Papin,  and 
tlw  plauiible  aij;uRient*  affainit  them  joat  quoted,  tbej  hare  been  rscentljr 
revived  in  this  countty.  Mr.  Samuel  Wright  hai  taken  out  a  patent  tor  trant- 
mittiog  power  to  ma^incty  b^  mean*  of  eondenaed  air ;  but  we  have  not  heard 
of  Mty  erectioni  on  the  pnnupk.  Mr.  Huue,  faoweTcr,  hai  tdien  out 
patenia  for  eSteling  the  aame  object  h;  the  rBrEtaction  of  air  bj  an  air-pump, 
and  hat  eiiabliihed  •eTeralmachmeanpon  this  principle,  the  luccnaAiI  operation 
of  which  leaves  no  doubt  that  the  bulure  of  Papin  must  have  ariwn  from  some 
defective  arrangements,  or  iniperiect  workmstiatijp.  We  bftve  telected  a  few  of 
thoia  machine*  to  which  Mr.  Hague  coniiden  the  principle  a*  peooliarly 
applicable.  The  first  of  these  which  we  shall  describe,  is  a  crane  Jor  raiting 
goods  into  loft;  warehouses;  hut  previoui  to  showing  the  actual  arrangement 
of  the  machinaiy,  we  shall  explain  the  principle  by  meana  of  the  aeeompanj-ing 
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kllwndeof  airuvhouM,'  i*  cyUader  truly  bored,  and  fixed  ver- 
ticallj  to  the  wall ;  e  n  patoa  fitting  air-tigbt  in  the  sanie  cylinder,  aod  aut- 
pended  from  >  rope  or  chain  parang  over  the  jib  i;  y  a  load  attached  to 
the  rope ;  d  a  double-banelled  aii^pump  woiked  by  the  two  cranki  which  may 
be  turned  by  h«ad  or  by  iteam ;  e  a  pipe  of  communicfttioa  between  the  aii^ 
pumpt  and  the  <^linder,  and  fitted  with  a  cock/.  Now  if  the  pumpi  be  eet  io 
motion,  the  air  m  the  cylinder  will  becaine  more  and  more  rarefied,  and  the 
preaure  of  the  external  air  will  at  length  to  far  exceed  the  intetnal  preuura,  ■■ 
to  cauM  the  piiton  to  detcend,  and,  consequently,  to  raiie  the  load  g.  But  tbia 
would  be  an  ezMedingly  inconTcnient  fonn  ;  for  the  machine,  in  it«  powers 
would  be  confined  within  very  narrow  limiti  by  the  largeat  cylinden  which 
could  be  comtmcted ;  but  in  the  excellent  arrangement*  of  Mr.  Hague,  which 
we  now  proceed  to  deuribe,  it  will  be  seen  that  any  load,  however  great,  may 
be  Taiaed  to  any  required  height.    In  the  tubjoined  engraving  a  Tepretenti  a 
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iTorkiiig  cjliiider  ribnitiiiK  upon  g^dnoni,  one  of  irhich  hu  pwuget  leading 
to  tb«  top  and  bottom  of  the  c^bder ;  b  pitton  rod  connected  to  the  crank  ; 
d  d  guide  rod« ;  e  pinion  on  axi>  of  the  crank,  driviitK  /  a  toothed  wheel  oo  tha 
HXi*  of  the  drum  g  ;  i  the  valTS-boz,  in  which  the  bollow  gudgeon  of  the  cylin- 
der turns,  and,  admitting  the  atmosphere  to  pren  upon  one  side  of  the  piaton 
whilst  the  air  Is  drawn  from  the  opposite  side  b;  an  aii^poinp  worked  by  a  tteam- 
engiue;  k  the  spanner  for  rev  eraing  and  regulating  the  motions  of  the  machine; 
/  pipe  leading  to  the  air-pump ;  as  fly-wheel. 


The  above  figure  represents  a  (wing-round  crane,  upon  the  same  principlei  ai 
the  former,  and  may  be  eupposed  to  rottn  one  of  s  range  round  a  dock  basin. 
a  is  a  bollow  cast-iron  post,  upon  which  the  crane  turns,  and  is  firmly  imbedded 
in  masonry ;  from  the  upptr  end  pioceeds  a  pipe  b  turning  aif'tighc  in  ■ 
stuffing-box,  and  communicating  with  a  cylinder  d  by  means  of  a  three-way 
cock  c.  The  cylinder  vibrates  upon  gudgeons,  in  one  of  which  are  formed  twn 
.hollow  passages,  the  one  leading  to  the  top,  and  the  other  to  the  bottom,  of  the 
cylinder.  A  pipe  e  proceeds  from  an  aperture  /  in  the  crane  post  to  an  air- 
pump,  worked  fay  a  tleam-engine,  or  any  other  power,  and  which  may  be 
situated  in  any  part  of  the  docks,  the  air  beinE  rarified  alternately  above  and 
below  the  piston  of  the  vibroting  cylinder,  whi»t  the  atmoaphere  presses  upon 
the  opposite  side  of  the  piston ;  the  alternate  motion  of  the  latter  turns  the 
crank  g  and  the  piston  h,  which  drives  the  wheel  k  fixed  upon  the  axis  of  the 
chain  barrel  i,  and  thus  raises  the  load;  n  is  a  fly-«beel,  ny  means  of  which 
the  reciprocating  motion  of  tbe  cylinder  impart!  a  rotatory  action  to  the  crank. 
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Tbe  last  example  we  >hatl  give  of  the  application  of  Mr.  H«tte'i  futaat, 

that  of  a  tUting  or  powerful  forge-hammer,  which  a  raited  by  the  atmotph^ 

Ming  upon  a  pi«on  connected  to  the  hammer,  (the  air  on  the  op[KMite 


being  tl 
bjrit 


led  b/nieuiB  of  an  aii^pmnp  situated  at  a  diiLance,)  and  vhich  falli, 
weight,  upoD  the  admivion  of  the  atmotphere  above  tbe  piaton. 


a  &  » the  hammer  turning  upon  a  fulemm  ai      .  , 

ntnat«d  iminediatel]'  over  the  hammer ;  a  the  piiton,  connected  with  the  hi 
bj  the  bar/  and  the  dinge  a;  A  a  alide  valve,  woAed  bv  the  levm  I,  which  it 
ttnick  by  a  pin  DQ  the  har/;  when  the  piaton  anivet  at  the  top  of  the  cylinder, 
which  depreuea  the  valve  to  aa  to  shut  off  the  communlcabon  with  the  air- 


<tf  a  line  attached  to  it  and  to  the  kver  I,  reverse*  die  podtion  trf'  the  lever  l 
■ad  of  the  ilide-valve,  thua  re-opening  the  communication  between  the  cylinder 
and  air-pump,  i  ii  the  pipe  leading  fma  the  cylinder  to  the  air-pum^  and  m 
a  cock  for  abutting  off  the  communicatioii  with  the  air-pump  when  the  nammer 
>•  not  at  work  ;  n  «  ipannera  for  opening  and  abutting  the  cock. 

J'luwKatie  Trtaaport. — In  the  year  1824,  the  ingenious  Mr,  John  Vallance, 
of  BHghton,  took  out  a  patent  for  a  mode  of  employing  the  natural  preiaure  i^ 
tbe  atnuwphere,  operating  upon  a  partial  vacuum,  for  the  purpose  of  tranaportinK 
pcraona  andgoodi  with  extraordinary  rapidity  from  place  to  place.  HeivopoMo 
to  conatnict  bollow  cyUndert  of  caM-iron,  Buffidently  large  to  allow  camagea 
with  paMengen  and  goodi  to  pass  through  them.  A  aeries  of  these  cylinders 
were  to  be  imited,  and  extend  from  town  to  town,  and  the  juneliona  made 
foffidenthr  ur-tight  to  admit  of  a  rarefaction  of  the  air  within  the  tube,  bv  the 
cmitinDedaction  of  powerfij]  cxliaiisting  machinery  at  one  end.  The  carnages,  - 
which  were  to  travel  inside  of  this  tube,  were  to  be  of  the  same  cylindrical 
iuna,  and  very  nearly  of  the  same  transverse  dimensions,  so  as  to  constitute,  in 
efiect,  pistons,  which  were  to  be  impelled  by  the  air  rushing  in  at  one  end  of 
the  trunk,  to  restore  the  equilibrium,  or  fill  up  the  vacuous  space  mechanically 
produced  on  the  opposite  nde  of  the  pistons.  A  model,  on  a  lufiiciently  large 
■Mle  to  test  the'^mcacy  of  die  pnndple  and  mode  of  action,  was  set  i^ 
SB  the  patontee'i  premisM  at  Br^hton,  and  many  persons  were  thus  U«oa 
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through  the  tabe.  Notwithstanding  thu  demonitration  of  the  canectnen  of 
tiie  principle,  mifficient  eahacriptions  were  not  obtained  to  cany  the  plan 
into  effect  on  a  greater  icale.  A  notion  waa  veiy  generally  entertained  that 
the  icheme,  if  feasible,  could  not  be  carried  into  practice  on  an  extensive 
■cale,  and  at  a  cost  that  rould  repay  the  subscribers ;  to  this  circumstance  may 
also  be  added,  a  fear  that  the  extraordinaiy  mode  proposed,  of  travelling  in  the 
interior  of  a  tube,  would  not  accord  with  the  taste  of  the  public.  The  latter 
objection  has,  however,  been  obviated  by  a  novel  arrangement  of  mechanism, 
which  has  recently  been  the  subject  of  a  patent  granteato  Mr.  Henry  Pinkus, 
whose  invention  consists  in  transferring  the  action  produced  upon  a  piston  or 
diaphragm,  moidng  in  the  interior  of  a  tunnel  or  tube,  to  its  exterior,  by  con- 
necting a  vehicle  or  machine,  (termed  the  dynamic  traveller,)  situated  within 
the  tube,  with  a  car  or  carriage  without,  (denominated  the  governor,)  to  which 
the  train  of  transport  carnages  are  attached.  A  working  model  of  this  invention 
is  at  present  being  exhibited  in  Wigmore-street,  Caven&h-square;  and  a  joint- 
stock  company,  called  "The  National  Pneumatic  Railway  Association,"  is  in 
progress  of  formation ;  the  avowed  object  of  which  is  to  cany  the  plan  into 
effect  on  all  the  principal  roads  of  the  kingdom.  This  singular  mode  of  trans- 
port having  thus  gained  considerable  celelbrity,  and  the  principle  upon  which 
It  is  founded  being  essentially  correct,  we  shall  (notwithstanding  the  mechanical 
difficulties  apparently  to  be  surmounted)  introduce  a  brief  description  of  the  in- 
vention under  this  head,  reserving  a  more  extended  consideration  of  the  subject 
for  the  article  Railway.  The  pneumatic  railway  admits  of  several  methods  of 
application,  in  each  of  which  the  dimensions,  economy,  and  details,  vary.  On 
a  fine  of  road  where  the  transit  is  very  great,  as,  for  example,  between  Liverpool 
and  Manchester,  a  double  line  woula  be  required,  the  cytinders  of  which,  the 

Sktentee  states,  should  be  36  inches  in  diameter,  and  so  moulded,  as  to  be  of 
e  average  thickness  of  three-quarters  of  an  inch ;  that  is,  the  lower  semi- 
circumference  to  be  three-quarters  of  an  inoh,  and  enlarged  into  a  series  of 
rinffs  three  feet  apart,  so  as  to  be  1|  inch  thick  where  the  rings  occur ;  thus 
givmg  die  lower  semi-circumference  an  average  thickness  of  seven-eighths  of 
an  inch.  The  upper  semi-circumference  need  not  be  of  a  greater  average 
thidiness  dian  five-eiffhths  of*  an  inch,  when  disposed  into  similar  rings.  On  a 
single  line  of  road,  where  the  transit  is  considerable,  the  size  of  the  cvlinders 
may  be  increased  to  40  inches  diameter,  and  be  of  a  proportionate  thickness ; 
but  when  the  pneumatic  system  is  combined  with  a  common  railroad,  that  is^ 
laid  between  the  ordinary  rails^  as  a  medium  for  transmitting  motive  power  to 
carriages  ranning  in  the  usual  manner  on  rails  fixed  upon  Uocks,  the  cylinder 
not  having  to  sustain  the  weight  or  action  of  the  loaded  carriages,  may  be 
reduced  to  28  inches  diameter,  and  half  an  inch  thick :  and  when  the  system 
is  applied  to  draw  or  nropel  barges  on  canals,  (which  is  also  contemplated  by 
die  patentee,)  a  cylincler  of  only  22  mches  diameter,  laid  down  in  the  towing- 
pi^,  he  considers  to  be  fully  adequate.  The  length  of  the  pneumatic  tube 
will  be  equal  to  the  whole  length  of  the  railway  or  canal  to  which  it  may  be 
applied,  and  it  should  be  cast  m  portions  of  the  greatest  length  possible,  in 
smooth  metal  moulds,  so  that  their  inner  sides  should  be  very  even  and  true, 
and  they  are  to  be  connected  by  the  ordinary  socket  joint  lig,  1  of  the 
annexed  wood -cuts  exhibits  a  perspective  sketch  of  a  portion  of  a  line  of 
pneumatic  raOway,  laid  down,  exhibiting  the  "  governor  drawing  a  train  of 
carriages  alonff  it.  The  upper  half  only  of  the  air  tunnel  a  a  is  seen,  the  other 
half  being  imbedded  in  a  semicircular  trench ;  on  the  edges  of  which  trencli 
rest  strong  projecting  l^e^i  which  are  cast  to  the  outsides  of  Uie  tunnel,  in  a 
longitudinal  direction.  These  ledges  are  about  three  inches  wide  on  their  upper 
tumces,  and  constitute  the  railway  upon  which  the  wheels  A  A  of  the  governor 
or  drag,  and  those  of  die  train,  run.  To  eioplain  the  mode  adopted  of  com- 
municating the  motive  force  generated  in  the  interior  of  the  tunnel  to  the 
governor  on  the  outside,  we  must  refer  the  reader  to  Fig,  2^  which  represents 
a  sectional  perspective  of  a  portion  of  the  tunnel ;  wherein  it  wij]  be  seen  th«^ 
a  strong  flat  bar  /is  bolted  to  the  governor,  so  as  to  depend  vertically  th^ug^ 
a  longitudinal  chase  made  in  the  top  of  the  tunnel,  and  reaching  to  the  centre 
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°t  "■,  H"V'  "  "^'^  Wened  to  a  ipeciei  of  carriage,  of  the  form  of  a  vdtf 
cipede,  which  operatea  ai  a  guide  and  ■tiffening-franiB  to  the  piaton  or  diaphraem 
e,  that  recaivei  the  impuUe  of  the  atmoapfaere ;  the  eipanding  piaton  havinx  a 
ound  it*  Mripherv.  one  foot  wide,  and  dIhmiI  x  m  ,n„u  ^f 


t,  that  recaivei  the  impulae  of  the  atmoapfaere ;  the  eipanding  piaton  having  a 
conical  steel  nng  aroiwd  it*  periphery,  one  foot  wide,  and  placed  at  an  angle  of 
about  150  from  the  iurface  of  the  cjhnder,  againat  which  one  edge  of  the  cone 
act*  with  a  alight  prenure  of  the  air,  10  ai  to  conform  to  any  alight  inequalitv  of 
iet.  A  more  exact  comprehenaion  of  theae  amogementi  will  be  afforded 
ilfjouied  Fig.  3,  which  exhibiu  a  tranaverae  aection  of  the  pneumatic 


railnraj,  an  end  elevalioii  of  the  governor;  ile  connexioni  and  poaitioD;  alao 
the  rear  wheel  of  the  dynamic  traveller;  ita  position  within  the  cylinder;  ilie 
guide  rail  (cast  to  the  interior  of  the  cylinder)  on  which  it  nina ;  and  the  piaton 
m  advance,     a  o  a  ia  the  cylinder,  the  lower  lemi-circumfereDce  of  which  ii  of 

rter  thickneaa  than  the  upper,  to  enable  it  to  withstand  the  greater  strain  on 
part,  to  which  it  is  subjected  bj  the  weight  of  tlie  carriages  rolling  upon 
the  projecting  ledges  or  rails  bb  ;  ece  ihowa  the  area  of  the  piston  strengthened 
by  croaa  bars ;  d  d  d  d  atay  rods,  connecting  the  piaton  to  the  Iriune  of  the 
dynamic  traveller,  the  hind  wheel  only  e  of  which  can  be  seen  in  this  view.  / 
exhibits  an  edge  view  of  the  bar  that  connects  the  dynamic  traveller  to  the 
governor  g,  of  which  h  h  are  the  running  wheels,  connected  by  a  cranked 
ailetree.  In  connexion  with  (he  vertical  arm  /  are  inflexible  honzonlal  arms, 
from  which  are  suspended  by  pivots  or  vertical  axles,  anti-friction  wheels  ■  i, 
whoae  peripheries  roll  on  the  outer  aides  of  the  longitudinal  chase,  and  keep 
the  vertical  win  In  the  centre,  h  as  to  prevent  its  touching  on  eitiier 
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nde.  This  ficure  alio  shows  the  shape  of  the  longitudinal  chase  or  aperture,, 
through  which  the  connexion  is  made  from  the  interior  to  the  exterior ;  this 
chase  is  cast  with  the  cylinders,  and  is  necessarily  continued  the  whole  length 
of  ^e  tunneL  In  order  that  the  running  wheels  of  the  governor,  as  well  as 
those  of  the  train  of  carriages  that  follow  it,  may  he  kept  tnily  upon  the  centre 
line  of  the  projecting  rails,  and  never  ruh  against  the  sides  of  the  tunnel,  metaUic 
arms  are  projected  £rom  their  frames,  carrying  anti-firiction  wheels,  the  peripheries 
of  which  roll  against  the  outer  sides  of  the  longitudinal  chase  and  underneath 
the  flange :  this  latter  circumstance  affords  a  great  security  against  upsettine. 
And  for  the  purpose  of  keeping  the  peripheries  of  these  anti-friction  wheels 
always  in  contact  with  the  chase,  whatever  curves  may  he  made  in  the  line  of 
railway,  their  axles  turn  in  slots,  and  are  pressed  inward  hy  springs.  Into  tlie 
trough,  an  elastic  flexiUe  padded  chain,  called  hy  the  patentee,  tne  valvular  cord, 
ii  fitted  the  whole  length  of  the  tunnel,  forming,  as  it  were,  a  continuous  v^ve. 
In  the  annexed  figure,  this  valve  is  shown  in  section  on  a  greater  scale,  with 


the  flexihie  curd  /  in  its  place.    The  sides  of  this  cord,  when  not  compressed, 
have  a  curved  figure,  as  represented  hy  the  dotted  lines ;  it  is  surrounded  with  a 
coat  of  felt,  and  on  the  top  is  attached  a  jointed  hand  m  of  iron,  resemhling  a  con- 
tinuous series  of  hinge-flaps,  the  joints  admitting  of  the  utmost  pliability  to  the 
cord,  and  afibrding  a  compensation  for  the  expansion  or  contraction  of  the 
metallic  portion  of  the  band ;  the  other  materials  of  the  valvular  cord  are  of  too 
soft  and  yielding  a  nature  to  require  any  provision  aj^ainst  the  changes  of 
temperature,  ana  these  are  smeared  over,  or  saturated  with,  unctuous  matter,  to 
keep  them  soft  and  more  efiectually  air-tight    By  reference  to  Fig.  2  it  will  be 
seen  that  the  piston  precedes  the  dynamic  traveller  in  the  tunnel;   and  by 
reference  to  lig.  I  it  will  be  perceived  that  there  is  a  small  wheel  in  the  centre, 
(shewn  also  at  k,  £ig.  3,)  with  the  valvular  cord  I  passing  over  its  periphery, 
whHe  there  is  another  similar  wheel  in  front,  and  a  third  at  the  nind  part, 
whidi  constantly  keeps  the  valvular  cord  in  its  trough.  The  office  of  the  centre 
wheel  is,  therefore,  simply  to  keep  continually  lifting  out  the  valvular  cord  from 
its  seat,  and  thereby  expose  the  back  of  the  piston  to  the  full  and  direct  action 
of  the  proximate  atmosphere ;  the  fore  wheel,  by  its  pressure  upon  the  valvular 
oordy  presenting  the  partial  vacuum  effected  before  the  piston,  and  the  hind 
wheel,  by  its  pressure,  restoring  the  valvular  cord  to  its  previous  station.    To 
enable  the  conductor  to  retard  or  stop  the  progress  of  the  vehicle  at  pleasure, 
the  patentee  prcmoses  to  form  a  valve  in  the  lower  quadrant  of  the  piston,  to  be 
opened  or  dosed  at  pleasure  by  means  of  a  lever,  or  a  chain  and  pulleys.  With 
a  view  to  facilitate  the  operation  of  transit,  and  enable  various  parts  of  the  same 
line  of  the  pneumatic  tunnel  to  be  used  simultaneously,  the  patentee  proposes 
to  divide  it  mto  sections,  (of  convenient  lengths,  which  may  be  detemuned  by 
the  stations  of  the  operating  engines,)  by  intercepting  station  valves,  wliich  may 
be  made  similar  in  form  and  construction  to  tne  common  gas  valves  usually 
applied  to  mains ;   and  the  connexion  may,  in  this  case  dso,  be  similar.    Tlie 
patentee,  however,  prefers  station  valves  of  the  nature  of  vertically  sliding 
•hatters,  running  down  into  sills  below  the  Une  of  the  tunnel,  as  these  admit  3t 
readier  working  than  the  gas  main  valves.    Stationary  exhausting  engines,  or 
air-pumps,  are  to  be  put  in  action  by  attached  local  steam  engines,  or  other  con- 
venient first  mover ;  communications  between  the  exhausting  engine  and  the 
pneumatic  tunnel  to  be  made  by  means  of  lateral  tubes ;   and  the  connexions 
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are  to  he  made- in  the  common  manner  upon  the  lower  tide,  at  the  distance  of 
ahout  200  feet  from  the  station  valve,  and  on  the  side  of  it  that  lies  nearest  to 
the  station  whence  the  governor,  with  its  train  of  carriages,  is  to  he  drawn. 
The  stations  for  the  engines  may  he  at  3,  4,  or  5  miles  apart,  according  to  the 
power  of  the  engines,  the  capacity  of  the  pneumatic  tunnel,  the  degree  of 
rarefaction  necessary,  the  average  weight  to  he  conveyed,  the  velocity  required, 
and  the  height  of  any  inclined  plane  to  be  surmounted.  As  the  power  to  be 
produced  is  by  the  pressure  of  the  atmosphere  acting  against  the  piston,  in 
advance  of  the  dynamic  traveller,  by  the  rarefaction  within  the  tube  oefore  it, 
the  pressure  will  depend  upon  the  degree  of  rarefaction ;  and  that  may  be  con- 
Btantly  ascertained  dv  means  of  barometers  placed  at  the  different  stations, 
which  will  indicate  the  approach  of  the  governor  and  its  train,  and  about  its 
distance  from  the  station.  A  barometer  placed  on  the  governor,  and  commu- 
nicating by  a  small  tube  with  the  interior  of  the  pneumatic  cylinder,  and  through 
the  piston  to  its  vacuum  side,  will  likewbe  inaicate  the  degree  of  rarefaction, 
and,  consequent]]^,  the  pressure  upon  the  piston,  the  sufficiencv  of  power  to 
propel,  and  the  time  for  moving  off.  Action  being  given  to  tne  exhausting 
engines  connected  with  the  section  of  the  tube  through  which  propulsion  is  to 
be  effected,  the  station  valve  being  closed,  and  the  air  abstracted  from  that  end 
of  the  section  of  the  pneumatic  cylinder,  rarefaction  will  take  place  throughout 
the  whole  of  the  included  atmosphere  contained  in  the  space  lying  between  the 
station  valve  and  the  piston,  which  is  attached  to  the  dynamic  traveller.  The 
partial  vacuum  thus  effected  at  the  station  will  cause  the  included  column  of 
air  to  move  rapidlv  towards  it;  and  the  incumbent  atmosphere  pressing  upon  the 
valvular  cord,  will  tend  to  aid  the  action  of  the  weight  of  the  cord  in  making 
the  pneumatic  valve  su£Sciently  dose  to  prevent  the  ingress  of  the  external  air, 
and  preserve  the  required  degree  of  rarefaction  on  the  vacuum  side  of  the  piston. 
The  unincluded  atmosphere  rushing  into  the  cylinder  through  the  aperture  in 
the  pneumatic  valve  over  the  dynamic  traveller,  (which  is  laid  open  by  the  lifting 
of  the  valvular  cord  over  the  central  wheel  of  the  governor,  as  before  mentioned,) 
and  impinging  on  the  plenum  side  of  the  piston,  will  produce  a  pressure  pro- 
portional to  the  degree  of  rarefaction  on  its  opposite  side,  and  consequently  draw 
the  train  of  carriages  connected  thereto  after  it  On  the  near  approach  of  a 
train  to  a  station  valve,  the  latter  will  be  quickly  let  down  into  its  recess,  to 
allow  the  former  to  pass.  The  valve  may  then  be  again  raised ;  and  the  same 
engine  continuing  to  abstract  the  air,  as  before,  from  the  same  section  of  the 
rauway,  it  will  be  again  soon  prepared  for  anoUier  train  in  like  manner ;  while 
the  train  that  had  passed  into  the  next  section  is  being  operated  upon  in  like 
manner  by  the  engine  belonging  to  it,  and  so  on,  from  one  section  to  the  other, 
throughout  the  whole  line  of  railway.  For  further  remarks  on  this  interesting 
proposition,  we  must  refer  the  reader  to  the  article  Railway. 

AIR  MOTIVE-ENGINES.  It  has  been  alreadjr  ei^lained  that  air  expands, 
or  has  its  elastic  pressure  increased  by  the  application  of  heat,  and  tnat  its 
volume  contracts,  and  its  pressure  becomes  less,  by  a  decrease  of  temperature; 
and  several  attempts  have  been  made  by  taking  advanta^  of  this  property  of 
air,  to  substitute  it  for  steam,  as  a  prime  mover  of  machinery.  Could  this  be 
effected,  it  would  be  a  great  advantage  in  many  situations ;  as,  for  instance, 
where  water  is  scarce,  or  in  steam  vessels  or  locomotive  engines,  where  (the 
machinery  forming  a  part  of  the  load,)  it  is  desirabie  to  reduce  the  weight  as 
much  as  possible.  Having  said  thus  much  of  the  principle  of  these  machines, 
we  shall  proceed  to  describe  one  or  two  of  the  latest  arrangements  for  the  purpose. 

The  nrst  we  shall  notice  is  Messrs.  R.  &  J.  Stirling  s  air-engine,  for  which 
those  gentlemen  obtained  a  patent  in  1827.  This  machine  resembles  the  steam- 
engine  in  the  construction  and  application  of  many  of  its  parts,  such  as  the 
piston  and  cylinder,  reciprocating  beam  and  parallel  motion,  crank,  and  fly- 
wheel, as  shewn  in  J^.  1.  Motion  is  communicated  to  the  piston  in  the  cylinder 
by  alternately  heating  a  portion  of  air  connected  with  one  side  of  the  piston, 
and  at  the  same  time  cooling  that  in  connexion  with  the  other.  This  is  effected 
by  means  of  the  air  vessels  a  a,  one  of  which  communicates  with  the  upper 
part,  and  the  other  with  the  lower  part  of  the  cylinder,  through  curved  noales* 
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,«  'Tlh"  'T  j^  "'^  '■'""""""'^'"i''"  between  one  of  the  noaUi  «id  Ilia 
lop  irf  Uie  cylinder,     f^.  a  repraieDU  a  lectMii  of  one  of  the  (dr  vuhIi 


whoM^deitre  cylindrical,  and  top  and  bottom  iplMrieaL  TUialrTaMd,  whiek 
M  nude  of  cut-iroo,  and  fupporltd  in  the  brick-work  by  the  prcjecting  l«dg« 
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11,19  fmniBlied  with  a  plunger  e  C  e.  The  top  and  bottom  of  the  plunger  ia 
made  of  strong  sheet-bon,  perforated  with  very  uumerous  small  holes  to  admit 
the  air.  The  interior  of  the  plunger  is  filled  with  very  thin  plates  of  sheet-iron, 
so  bent  as  to  prevent  their  flat  simaces  from  coming  in  contact,  that  the  air  may 
have  a  free  passage  between  them.  These  are  also  perforated  with  small  holes, 
which  holes  are  not  placed  opposite  to  each  other,  but  so  arrauffed  as  to  cause 
the  air  to  pass  through  the  pluneer  in  a  zig'-aa^  direction.  The  plunger  is 
formed  circular,  to  fit  the  top  and  bottom  of  ttie  aur  vessel  when  drawn  up  and 
down.  The  rim  e  c  of  the  plunger,  which  moves  in  a  cylindrical  receptacle  at 
the  circumference  of  the  air  vessel,  as  represented,  is  not  perforated  as  the  other 
part  It  is  k6pt  steady  by  a  spring  at  ^  (  consisting  of  a  belt  of  thin  sheet-iron, 
attached  at  ita  upper  edge  to  the  rim  c  e  ;  a  number  of  slits  are  made  at  ^e  lower 
edffe  of  the  belt,  to  admit  of  its  being  bent  outwards  to  rest  against  the  air  vessd, 
ana  act  as  a  sprinff.  The  plunger  is  also  kept  steady,  in  its  ascent  and  descent, 
by  the  plunger  rod  d  passing  tmrough  the  stuffing-box  at  the  top  of  its  case,  and 
by  the  gui^rods  gg,  which  work  in  the  guide  cases  i  i,  FSgt.  1  and  2.  The 
ffttides  are  fixed  to  a  zing  h  h  which  is  attached  to  the  plunger  and  the  plunger  rod 
oy  the  arms  ff,  four  in  number;  The  guides  are  supplied  with  oil  bv  the  oi^-ct^ 
and  stop-cock  at  the  top  of  their  cases.  The  top  e  e  of  the  air  vessel  is  flanged  down 
in  Uie  manner  represented  at  k,  with  a  thin  ring  of  sheet  lead  between  the  flanges, 
to  keep  the  joinmg  air  ti^ht.  The  lower  part  of  the  air  vessel  is  heated  by  a 
fire  placed  under  it,  and  its  upper  part  kept  cool  by  a  current  of  cold  air,  by 
water,  or  by  other  means.  The  plunger  rods  of  the  air  vesseb  a  a  Fig,  1,  are 
attached  by  slings  to  the  end  of  the  beam  o,  so  that  the  motion  which  elevates 
one  plunger  in  one  of  the  vessels,  depresses  that  in  the  other.  When  the  plunger 
is  raised,  the  cold  air  in  the  upper  part  of  the  veeael  will  be  heated  in  paasme 
through  the  interstices  of  the  plunger  in  its  aacent,  which  has  itself  been  heated 
on  reaching  the  hot  or  lower  part  of  the  air  vessel ;  and  during  this  time  the 
air  in  the  other  vessel  will  be  cooled  by  passing  through  the  interstices  of  the 
plunger  in  its  descent,  which  has  itseu  oeen  cooled  by  reaching  the  cold  or 
upper  part  of  the  air  vessel.  These  chances  of  temperature  are  further  augmented 
by  portions  of  the  air  being  alternately  oianged  from  the  hot  to  Uie  cold  and  from 
the  cold  to  the  hot  parts  of  the  vessels,  by  the  alternate  occupation  of  the  hot 
and  cold  parte  by  the  plunger.  Now,  as  one  of  the  air  vessels  is  connected  widi 
the  top  and  the  other  wi&  the  bottom  of  the  working  cylinder,  there  will  be 
a  motion  produced  on  the  piston  by  the  alternate  application  of  the  expanaive 
force  of  heated  air :  and  this  motion  is  communicatea  to  the  beam  v  tnrough 
the  piston  rod  and  parallel  motion,  and  joins  the  beam  to  the  fly-wheel  «  «. 
On  tne  axis  of  the  fly-wheel  is  fixed  an  eccentric  t,  which  communicates  motion 
to  the  plungers  in  the  air  vessels  through  the  system  of  levers  1, 2, 3, 4,  and  the 
beam  «,  ana  this  motion  is  adjusted  so  that  the  change  of  the  plunders  shall  be 
effected  whenever  the  piston  reaches  the  top  or  bottom  of  the  cybnder ;  thus 
applying  to  that  end  of  the  cylinder  where  the  piston  is,  the  hot  air,  which,  bv 
vts  increased  elasticity,  will  ^ve  the  piston  to  the  other  end.  This  engine  is 
also  furnished  with  an  air-pump,  the  piston  rod  of  which  is  shown  at  «,  for 
condensing  the  air  into  the  reservoir  u>u>.  The  air  is  permitted  to  pass  through 
self-acting  valves  into  the  curved  nossles,  and  thence  into  the  cylinder,  or  the 
air  vessels  a  a,  but  is  not  permitted  to  return  from  these  vessels  or  the  cylinder 
into  the  reservoir  ww;  which  is  also  provided  with  a  safety  valve  for  the  escape 
of  superfluous  air,  when  more  ia  pumped  in  than  ia  necessary  to  supply  the  ahr 
vessels.    The  air-pump  is  only  occasionally  reouired  to  be  set  to  wo». 

In  1828,  Messrs.  Parkinson  and  Crossley  tooK  out  a  patent  for  an  air-engine, 
which  differs  considerably  in  the  arrangement  of  its  parte  firom  the  one  just 
described;  and  as  it  appears  to  be  of  a  somewhat  simpler  construction,  we  shall 
lay  a  description  of  it  nefore  our  readers.  Fig.  1  shews  a  firont  elevation  of  so 
much  of  the  engine  as  is  necessary  to  explain  the  invention.  Fig.  2  is  an  end 
elevation,  and  Fig.  3  a  section  (upon  an  enlarged  scale)  of  a  differential  vessel 
and  ite  transferrer,  exhibiting  also  a  mode  of  heating  and  cooling  the  differential 
vesseL  The  same  letters  in  each  figure  where  they  occur,  refer  to  the  same  parts. 
Hie  dififerential  vessel  a  a  is  of  the  form  of  a  hoUow  cylinder  with  convex  ends. 
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of  rach  ■  IcDfflli  u  to  preMTTe  an  eMential  differenM  of  tempentura  between 
•me  end  and  Hie  other,  and  nearij  ime-hair  being  exposed  to  a  not,  and  the  othet 
half  to  a  Mid,  medhiu.  The  v««el  hai  a  «tuffing-bax  at  the  end  /,  and  at  the 
otiier  end  i*  an  opening  or  pipe  I  Mm  In,  for  tho  pnipoie  of  fotming  a  com- 


munioalian  witli  the  working  cylinder  and  pialcn.  TlietTanifetTeT  Oil  a  hollow 
Teoel,  air  light,  and  «a  much  ihorter,  ai  to  leave  a  mfficicnt  apace  in  the  dif- 
ftrendal  v«ael  for  containiiig  a  volume  of  air,  which,  when  expanded  bv  heat 
[""ipg  tbroogh  thepipee  I m  or  In,  will  alia  fill  the  working  cylinder,  and  force 
the  fuaton  fVom  one  end  of  it  to  the  other.  The  traniferrer  i>  alio  made  only 
H  much  le«  in  diameter  than  the  difierentiol  veaiel  as  to  allow  it  to  move  free^ 
from  one  end  of  the  differential  veuel  to  the  other.  To  one  end  of  the  traniferret 
11  fixed  a  lod  e,  pauiDf;  through  a  ituffing-box  /,  foe  the  purpote  of  moving  it 
ttota  one  end  i^  the  differentiBl  veuel  to  the  other,  thereby  cauaing  the  air  to 
paaa  in  a  thin  itratum  agaioit  it*  hot  and  cold  parti  alternately,  thu*  producing 
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Um  fore«  or  power  to  be  employed  •eainil  the  workiiig  pitton.  The  rod  g,  /^.  3 
which  i*  fixed  on  the  upper  port  of  the  differential  veMel,  u  intended  tii  guide 
the  transFerTer  in  iti  ptoper  direction,  hj  meani  of  a  tube  which  ii  inserted  in 
the  upper  end  of  the  tramferrer,  the  lower  end  of  the  tube  being  mode  aii^ 
tight     MotiN)  ia  given  to  the  traniferrer  by  means  of  the  eccentric  o  in  tlie 


■hall  p  being  connected  with  the  beam  r,  which  beam  w  connected  to  the  rod 
e  of  tne  Iraniferren  by  the  link*  1 1.  "Hie  woridug  cylinder  a  with  its  piftOD, 
nde  rod*,  crankt,  ihaffe,  fly-wbeel,  and  eccentric 'motion,  are  the  tame  ■■  thoee 
commonly  lued  in  iteam-enginei,  and  therefore  require  no  particular  deicription. 
Th«  pipe  /  m  form*  *  communication  between  the  differential  veaael,  No.  1,  and 
the  top  of  the  cylinder;  and  Che  mve  I  n  connects  the  differential  Tetsel,  No.  3, 
with  tbe  bottom  of  the  cylinder.  Tiie  operation  of  the  engine  will  be  as  followi ; 
Supposing  the  eccentric  disconnected  from  the  beam  r,  and  the  upper  part  of 
tile  oifferential  vtueU  heated,  and  their  lower  parts  cold,  and  the  transferrer!  of 


AlFl-MOTIVE  ENGINES.  45 

the  t<vo  differentUI  veswli  placed  br  huid  in  tlie  utuftttons  rhawn  iti  the  figure^ 
and  tbe  volume  of  a'r  occup^ng  the  hot  part  of  the  difiereutial  vcskI,  No.  2, 
and  being  increaied  m  elaiticitj  m  pioponion  to  ita  temperature,  whilst  the 
volame  of  air  in  the  difierenlial  vesBcl  No  I  u  occupying  the  coldest  port,  the 
woiUng  iHaton  will  be  fbrced  upwards  by  a  power  ciWTMpoDduig  with  the  dif- 


rerenee  of  the  elaitic  force  of  the  air  in  the  two  difTerential  veueli ;  and  when 
the  working  piiton  hu  been  forced  to  the  top,  the  lituation  of  the  [rBQifvrTera 
ahoold  be  revened  by  hand,  so  that  the  air  in  tbe  differential  vessel.  No.  1,  will 
occopy  the  hot  part,  and  communicate  its  force  to  the  upper  side  of  tbe  working 
piston,  and  thereby  produce  a  returning  stroke;  and  the  eccentric  being  then  by 
hand  r«-cannected  with  the  beams,  the  alternate  expansion  and  contraction  of 
the  air  in  the  two  differential  veisela  will  keep  the  engine  in  motion;  and  then, 
trf  working  the  Irannferrer  in  the  same  way  ai  the  valves  in  eteam-engines,  the 
enfine  may  be  either  stopped  or  put  in  motion.  For  the  purpose  of  beating  the 
differential  ve«sela,  the  inventors  prefer  the  employment  of  mflammable  gas,  a 
mode  of  ipplying  which  Is  shewn  at  Fig.  3,  where  d  d  it  a  hollow  ring,  sur- 
rounding the  diflerential  vessel,  and  communicatine  with  Ilie  tube  by  which  the 
gas  ii  tupplied ;  thia  ring  is  perforated  for  the  emission  of  jets  of  gas,  to  flow, 
when  ignited,  dl  round  and  against  the  differential  vessel,  or  nearly  so ;  c  c  it 
an  iron  vessel,  for  directiog  tbe  heat  to  the  differendal  vessel,  which  casing  is 
open  at  bottom  for  the  admission  of  air,  having  also  an  opening  at  top,  to  serve 
H  a  chimney  or  flua ;  it  is  an  outer  covering  of  polished  metal,  of  about  two  or 
three  more  inches  in  diameter  than  tbe  casing  c  c,  for  the  purpose  of  lessening 
the  radiation  of  heat.  The  working  cylinder  A  may  be  kept  hot  by  means  of  a 
cancnt  of  heated  air  beine;  conducted  to  it  firom  the  flues  of  the  differential 
*cMels.  1 1  represent  the  differential  vessel  placed  in  a  eiitrrn  of  cold  water, 
with  a  constant  current  ranningin  at  the  bottom  m  against  the  diflerential  vessel, 
•nd  paadng  off  at  the  top  d.  We  are  not  aware  that  the  engine  just  described 
baa  been  broaght  into  practical  operation,  but  that  invented  by  Mr.  Stirling  was 
employed  in  a  stone  quarry ;  it  has,  however,  we  learn,  been  replaced  by  a 
-" ~ "   'n  consequence  of  its  inferiority  to  the  latter  in  the  economy  of 
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working,  particuiarly  as  respects  the  consumption  of  fuel.  One  objection  to  air- 
engines  is,  that  the  changes  of  volume  do  not  take  place  with  sufficient  rapidity, 
and  that  when  water  is  employed  to  accelerate  such  changes,  the  quantity 
necessary  for  that  purpose  is  mater  than  would  be  required  to  supply  the  boiler 
of  a  high-pressure  steam-engine ;  so  that  in  situations  where  eitner  water  is 
scarce,  or  the  weight  of  it  an  objection,  the  latter  engines  would,  on  those 
accounts,  be  found  superior  to  the  former. 

AIR  STOVE.  A  stove,  the  heat  of  which  is  employed  to  heat  a  stream  of 
air  directed  against  its  surface,  which  air  is  then  admitted  to  the  apartments 
requiring  to  be  heated.  The  principle  of  the  construction  is,  to  inclose  the  stove 
containing  the  fuel  in  a  casing  somewhat  larver  than  the  stove,  so  as  to  leave  a 
space  of  a  few  inches  between  them.  At  the  lower  part  of  the  casing  is  an 
aperture  filled  with  a  register  to  regulate  the  admission  of  the  air^  and  at  the 


upper  part  is  a  similar  openine  to  allow  of  its  exit.  When  the  air-stove  is  not 
iixed  in  the  apartment  which  is  to  be  heated,  a  pipe  is  fitted  to  the  upper  aper- 
ture of  the  casing,  to  convey  the  air  to  the  apartment  The  construction  mav 
be  varied  to  suit  circumstances;  the  above  cut  is  a  representation  of  one  which 
has  been  used  with  verjr  good  effect  to  heat  the  Infirmary  at  Derby.  It  is  u]^on 
a  plan  which  was  first  mtroduced  in  this  country  by  Mr.  Strutt,  of  Derbyshire; 
who  employed  it  for  the  purpose  of  warming  his  extensive  cotton  works  moki 
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unifonnly  and  with  greater  economy  than  foimerly.     Fig.  1  is  a  section  of  the 
air-stove  and  cockle ;  and  Fig,  2  a  transvene  section  of  the  stove,  exhibiting  the 
disposition  of  the  masonry  surrounding  the  cockle,  a,  the  cockle,  is  made  of  a 
euhical  form,  with  a  dome,  or  rather  a  groined  arch  top,  about  3  or  4  feet  high, 
and  is  made  of  plate  or  wrought  iron  about  ^of  an  inch  thick,  riveted  togetner 
like  the  ordinary  boilers  of  steam-engines.    The  smoke  passes  off  by  a  narrow 
passage  at  b,  at  the  base  of  the  cockle  into  the  flue  c,  which  leads  to  the  chimney. 
The  brick-work  surrounding  the  cockle  is  built  with  alternate  openings,  as 
represented  in  the  side  view  at/,  at  about  8  inches  distant  from  the  sides  of  the 
cocUe.    Through  these  apertures  pipes  are  inserted  which  may  be  made  either 
of  sheetriron  or  of  common  earthenware,  so  as  to  extend  within  an  inch  of  the 
cockle,  by  which  means  the  air  to  be  heated  may  be  thrown  near,  or  in  imme- 
diate contact,  with  the  surface  of  the  cockle  if  desirable,  which  was  found  by 
Mr.  Strutt  to  double  the  effect  derivable  from  the  same  quantity  of  friel.    The 
horixontal  partition  of  the  air  chamber  at  d  cuts  off  the  communication  between 
the  lower  and  the  upper  half  of  the  chamber.   The  arched  openings  in  the  lower 
half  g  g  exhibit  the  openings  of  the  main  air  flues  leading  from  the  exterior 
atmosphere.    The  air  passing  from  these  lower  flues  g  through  the  apertures 
beneath  the  horizontal  partition  d  d,  and  coming  in  immediate  contact  with  the 
body  of  the  stove,  must  find  its  way  into  the  upper  air  chamber  A,  through  the 
numerous  apertures  or  pipes  in  the  upper  division,  by  which  circuit  its  velocity 
will  be  retiuded  sufliciently  to  obtain  the  necessary  elevation  of  temperature 
from  the  heated  cockle.     In  order  that  the  air  may  not  be  injured  for  the  pur- 
poses of  respiration,  the  size  of  these  Belper  stoves,  as  they  are  called,  must  be 
so  regulated  as  not  to  heat  the  cockle  or  body  of  the  stove  at  an  average  above 
280*  Fahr.,  or  according  to  Mr.  Sylvester,  or  250*  according  to  Mr.  Tredgold, 
when  the  air  is  intended  to  supply  living  rooms ;  but  for  drying  rooms  more 
heat  may  be  given,  if  the  saving  of  time  is  an  object ;  but  still  it  is  far  more 
economical  to  dry  at  a  lower  temperature.   From  the  upper,  or  hot-air  chamber 
A,  a  main  flue  i  leads  to  each  of  the  floors  to  be  heated.    The  horizontal  and 
inclined  parts  of  these  main  flues  should  be  made  of  brick  or  stone,  and  if  they 
have  to  pass  under  ground,  should  be  secured  in  a  case.   The  vertical  parts  may 
be  of  sheet  iron,  or  even  of  well-seasoned  wood.     An  opening  over  the  door  of 
each  room  allows  the  entrance  of  the  heated  air  into  it,  and  a  flue  from  the 
bottom  of  each  room  proceeds  to  the  roof  of  the  building,  from  whence  the 
whole  of  the  air  is  discharged  by  a  tumcap,  the  mouth  of  which  is  kept  con- 
stantly from  the  wind  by  a  vane.    Provided  a  stove  of  this  construction  is  well 
built,  and  so  managed  as  not  to  allow  the  heated  air  to  attain  too  great  a  tem- 
perature, it  is  not  only  much  more  economical  than  any  other  mode  of  wanning 
extensive  buildings,  but  it  is  equally  salubrious  with  the  more  recent  method  of 
emploving  steam  pipes  for  this  purpose,  if  not  more  so.     As  the  air  passages  of 
this  kind  of  stove  ought  to  be  several  feet  under  ground,  it  affords  also  a  con- 
venient mode  of  admitting  a  portion  of  cold  air  to  the  interior  of  the  building 
in  the  summer  season,  as  well  as  supplying  heated  air  in  the  winter.    The 
change  in  the  temperature  of  the  air  by  passing  in  this  way,  Mr.  Sylvester  says, 
is  greater  than  comd  be  supposed.    The  cold  air  flue  at  the  Derby  Inflrmarv  is 
about  4  feet  square,  and  its  length  70  yards.     In  the  month  of  Aueust,  when 
the  thermometer  in  the  shade  stood  at  80o,  the  air  which  entered  uie  air  flue 
underground  at  the  same  temperature,  was  found  to  be  60^  at  the  extremity 
where  it  entered  the  stove-room ;  the  cuirent  at  this  time  was  suflicient  to  blow 
out  a  lighted  candle.    In  another  experiment,  when  the  outer  air  was  54%  this 
air  was  reduced  to  51<>  by  passing  through  tiie  flue.    This  is  a  great  advantage 
of  the  air  stove  above  the  use  of  we  steam  apparatus,  since  this  last  only  supphes 
the  deficiency  of  heat  in  winter,  but  has  no  tendency  to  check  it  when  the  tem- 
perature of  tne  atmosphere  is  beyond  the  mean  temperature  of  the  earth.    But 
although  dose  stoves,  and  air  stoves  in  particular,  are  decidedly  more  effective 
and  economical  than  open  fire  places,  still  the  prejudice  is  so  strons  in  England 
in  favour  of  the  latter,  from  their  more  cheerfiil  appearance,  and  their  freedom 
fiiom  any  unpleasant  and  confined  smell  which  is  apt  to  arise  firom  stoves  when 
they  become  highly  heated,  that  there  seems  but  little  chance  of  the  latter 


48  AIR  STOVES, 

Mippnedlne  the  former.  It  ii  therefore  deiirable,  if  possible,  to  derive  from  an 
i^en  fhtt-pTaceaportionof  theadvantagMof  Miairitove,  and  accordingly,  miDf 
combinkUona  vrith  that  object  have  been  devised.  The  foUoiring  one  ia  by 
Mr.  Ricketli,  of  the  Strand ;  beiidei  the  grate,  it  comprises  an  oTen,  boiler,  and 
hot  air  chamber,  all  heated  bji  ooe  fire,  without  flue^.  No.  1  repreients  the 
nnge,  ai  fixed ;  No.  2,. the  hot  air  chamber  diatinct ;  No.  3,  ■  vertical  elerattoit 


of  the  ume  chamber:  the  same  letters  in  each  figure  refer  to  similar  parta.  a 
the  hot-air  chamber;  b  cold-air  drain,  or  aperture,  at  bottom  of  the  chamber; 
c  thin  iron  plates  or  ribs  2}  inches  wide,  to  direct  the  passage  of  the  air  againtt 
the  heated  back  of  the  chamber,  producing  a  current  of  hot  air  which  may  be 
communicated  b;  pipes  to  any  part  of  the  building;  /conducting  oven,  heated 
1^  on  iron  knob  g;  h  an  iron  boiler  to  which  the  steamers  may  be  applied. 

It  has  been  mentioned,  that  stoves  are  liable  to  the  objection  of  somelimes 
causing  an  unpleasant  sensation  from  the  air  becoming  over-heated,  or,  as  it 
is  termed,  burnt.  This  may  be  obviated  by  beating  the  air  destined  to  circulate 
in  the  apartments  by  steam,  instead  of  employing  the  direct  action  of  the  fire. 
An  apparatus  of  this  description,  patented  by  Mr.  Straiten,  is  shewn  in  the 
following  figures.  F^.  I  i«  an  elevation,  and  J^.  2  a  section  of  the  apparatus. 
It  consists  of  an  exterior  tube  of  copper  a.  Fig.  2,  within  which  is  a  smaller 
lube  h  of  equal  length,  soldered  to  end  plates  c  c,  forming  thereby  a  steam-tight 
vessel,  surrounding  the  interior  tube  h.  d  ij  is  a  Gpiral  apparatus  of  capper, 
coiling  round  the  upright  rod  e;  the  periphery  of  this  spiral  exactly  fits  the 
Interior  tube  h,  *a  that  no  air  can  pass  up  or  down  without  taking  a  winding 
course  through  the  space*  formed  by  the  spiral.  /  is  a  semi-globe  of  copper, 
perforated  with  holes;  and  gg  are  two  moveable  plates,  in  which  are  cut 
oblong  apertures,  so  that  when  the  holes  in  each  coincide,  the  air  has  a  free 

■'         ■ '  1  by  the  lever  *,  so  that  the 

«  passage  is  stopped,  and  the 


pasaoKe  through  them ;  but  when  they  are  moved  b 
Doles  in  ono  are  ccFver^  by  those  in  the  other,  the  pi 


pipe,  for  the  parpoie  of  admittm^ 
■teain  fnmatmall  boiler;  aaij 
it  another  pipe,  for  allowing  the 
water  formed  bv  condenwtion  b> 
ran  back  into  tho  boiler  oi  elie- 
where.  Steam  being  admitted  int* 
the  coropartment  formed  between 
the  two  tubesbytuming  the  cock, 
inttantlj  heats  the  interior  tube 
(,  and  (by  radiation)  the  ipiral 
^  1^  by  which  the  air  already 
filling  uie  tube  it  expanded,  and 
ritei  by  it«  diminiihed  gravity, 
•Ksping  into  the  open  atmo- 
■pbere  through  the  holei  in  the 
^f/.  The  an  underneath  ruihei 
in  to  fill  the  partial  Tacuum,  and 
in  iu  turn  become*  heated ;  by 
thii  means  a  constant  current  can 
be  kept  up  lo  long  as  the  com- 
— ■ It  i(  mppliwl  with  steam ; 


tnit  thi 


thiici 

impeded  passage,  be  much  too 
r^d  in  Its  motion  to  become 
nmciently  heated  for  the  pui^ 
poM  intended.  The  (piral  d  d 
11  therefore  introduced,  which 
CMtsei  the  air  (a*  we  hare  said) 
to  take  a  winding  course,  and 
thus  traverse  the  whole  heated 
Mir&ce  of  the  iptral  before  its 
exit  into  the  air.  By  this  con- 
ttivance  the  air  is  made  to  traverse 
over  a  contiderable  suriace  of 
heated  material,  while  the  iteara 
required  to  act  therein  is  confined 
la  a  rery  short  vessel,  and,  con- 
■equently,  haabut  a  small  portion 
of  iti  nuface  exposed  uselessly. 
It  may  be  cased  m  wood  or  other 
DOti-conducting  material,  if  de- 
nred,  for  ornament  or  an^  other 
reason,  without  anjr  diminntion 
of  its  eSect  in  warming  the  apart- 

The  foBowing  simple  and  in- 


of  Mr.  Ferkina,  of  Fleet-street, 
and  the  engraving  represents  a 
stove  upon  his  plan,  which  was 
put  up  on  the  premises  of  Messrs. 
Coe  and  Moore,  printers.  Old 
Change.  F^.  1  represents  the 
stove,  floe,  and  building,  in  which 
it  ia  fixed.  Fig.  2,  a  continuation 
of  Fig.  1,  on  a  smaller  scale,  ex- 
tending it  above  the  roof  of  tlie 
buildii^.  The  letters  of  reference 
designate  simOar  parts  in  each 


Rgate.  The  atove  a  ii  of  a  cylindiicsl  form,  fixed  veitic«Uy  in  die  brickworli 
it  ia  clewed  above  by  the  lid  b,  which  h  removed  u  often  u  may  be  required  to 
Bnpply  the  ilOTe  with  fuel  ^coke  ii  pre~ 
fenxd).  c  c  IB  the  flue,  vhich  is  a  tube 
of  wrought  iron,  eicepting  [hat  curved 
pordon  immediately  connected  to  the 
lumace  cylinder,  which  is  of  cait  iruQ. 
d  is  the  aih  pit.  At  i  ii  an  elUptical 
aperture,  for  the  supply  of  air  to  the 
Are,  which  may  be  admitted  in  agreater 
or  amaller  volume  by  wholly  or  partiallj 
removing  the  cover  t.  I'u  a  fiimace 
door,  for  affording  convenient  means 
for  clearing  out  the  aahei.  The  grating 
on  which  the  fuel  ia  laid,  ii  not  fixed, 
as  usual,  immovably  in  the  brick- 
work, but  ii  connected  Id  the  frame  by 
hinges  on  one  side,  and  held  up  on 
the  other  by  a  cro»a-bar,  which  rest!  on 
a  button  n.  Thii  button  being  turned 
one  quarter  round,  the  grating  imme- 
diately fallj  at  a  trap  door,  diKhanine 
all  the  fuel  into  the  aab-pit,  by  which 
the  fire  ■■  almost  immediately  extin- 
guished without  trouble.  The  stove  is 
placed  on  the  floor  of  the  basement  or 
cellar,  which  is  kept  thoroughly  warm 
and  dry,  so  as  make  it  a  ^ood 
store  room  for  paper,  although  it  is 
under  ground ;  from  thence  tlie  flue 
ascends  through  the  ground  floor  n, 
the  fint  floor  o,  the  next  floor  p,  and 

Snssea  through  the  roof,  aa  shewn.  The 
ue  for  the  smoke  ce  e\t  surrounded, 
as  shewn,  by  a  larger  tube,  at  about  3 
inches  apart,  for  the  conveyance  of 
heated  air  to  the  several  apartments. 
To  effect  this,  cold  air  is  freely  admitted 
through  a  large  aperture  r  in  the  wall, 
which  enters  the  chamber  (,  and  im- 
pinging upon  a  strongly  heated  lurfhce. 
It  immediately  acquires  a  much  h^her 
temperature.  To  increase  this  effect, 
the  curved  cut-iron  neck  of  the  flue 
adjoining  the  stove  is  considerably  flat- 
tened or  expanded,  so  as  Eo  expose  to 
the  ascending  column  of  air  a  more 
extended  surface  of  heated  metal,  llie 
caloric  given  out  by  the  burning  fuel, 
instead  of  being  chiefly  carried  off  by 
the  flue,  as  in  ordinary  stoves,  is  rapidly 
abstracted  by  the  cutrent  of  air,  which 
air,  thus  healed,  may  be  wholly  or  par- 
tially given  out  into  any  one  apartment, 
or  distributed  in  the  several  apart- 
ments, as  may  be  desired  (either  for 
drying  the  printed  sheets,  or  for  warm- 
ing  the  persons  at  work,)  by  a  few  sim- 
ple valves  or  registers.      These  regisli .  ._   _.^ 

plates,  sliding  cireularly  on  their  flat  surfaces  one  over  tlie  other.    The  lowct 
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may  be  coi 
•a  through 


one  H  fixed  b;  tivtt*  b>  the  tidei  of  ths  external  tube,  u)d  the  uroer  one  Iim 
OD  the  lower  one,  and  ii  made  to  slide  over  it  bj  moving  to  the  nght  or  left  a 
■mall  handle,  which  project*  horizontally  through  a  tlot  mmtice  in  the  external 
tube.  The  nze  of  Cbe  intentice*  in  thete  plates  i*  both  alike,  ai  shewn  in  the 
separate  ^g.  u.  Bj  these  registers,  it  will  be  seen  that  the  whole  of  the  bat 
y  be  confined  to  one  apartment,  or  distributed  over  seveid.  The  aper- 
h  which  the  heated  air  flows  into  the  rooms,  are  10  or  12  inches  ia 
is  provided  with  a  cover  like  a  saucepan-lid  I,  to  prevent, 
at  pleasure,  the  hot  air  from  entering  any  particular  chamber.  In  the  upper- 
moat  floor  the  flue  of  the  hot-air  tube  terminates  at  w,  about  3  feet  above  the 
floor ;  from  (hence  the  smoke  flue  alone  ascends,  which  first  rises  a  few  feet, 
then  takes  a  horizontal  coune,  and  afterwards  passing  through  the  roof,  the 
upper  extremity  Is  provided  with  a  canopy  or  cowl  to  keep  out  the  niin,  and  to 

Kvent  the  smoke  fVom  being  forced  downwards  by  sudden  gusts  of  wind. 
B  premises  iwfore  ni     "'  ..       .    1 1  ■  ..         ■      .  ..        . 


of  the  chief  advantages  that  result  from  this  apparatus,  is  the  convenient 
_,.u  facile  manner  by  which  the  heat  can  be  augmented  to  the  required  degree 
in  any  apartment,  for  the  purpose  of  quickly  drying  the  &eshiy  printed  sheets 
of  paper,  an  advantage  evidently  of  the  first  importance  toprinters,  as  it  enable* 
them  to  print  their  work  with  extraordinary  despatch.  But  when  a  stove  i^ 
this  kind  is  not  employed  for  drying  moist  substances,  the  hot  air  should  be  first 
bniagbt  into  contact  with  a  vessel  oif  water,  to  render  the  air  sufficiently  humid 
for  healthful  respinUion. 

AIR  BEDS.  A  bag  of  the  size  of  a  bed,  divided  into  several  compartment*, 
and  rendered  aiT~tight  by  a  compoaition,  of  which  caoutchouc,  or  Indian-rubber, 
forms  the  greatest  port.  Tbis  bag  may  be  inflated  by  bellows,  a  syringe,  or  any 
other  means,  and  is  Aimisbed  with  stop-cock*  to  retain  the  air  or  let  it  out  at 
pleasiue.  ThcM  bed*  will  be  found  extremely  convenient  to  travellers,  espe- 
cially in  warm  climates,  fiom  their  portability,  and  not  being  liable  to  vermm ; 
aI*o  to  invalid*,  from  their  perfect  elasticity,  which  may  be  regulated  at  pleasure 
by  an  attendant,  without  disturbing  the  occupant. 

AIR  VBS3EL,  IK  HrDKAOL[cs,acontrivance  to  continue  ' 

the  flowing  of  water  after  the  impelling  force  has  ceased  to 

act,  as  in  the  return  stroke  of  a  forcing-pump,  or  in  Bra- 

mah's  hydrostatic  press,  thus  preventing  the  shocks  which 

would  arise  from  the  sudden  stoppage  of  the  water  whilst 

in  motion,  and  also  avoiding  the  toss  of  power  in  moving   / 

it  from,  a  state  of  rest  at  each  eflVctive  stroke.     It  con-  S 

si*ts  of  a  vessel  containing  air,  which  is  placed  between  I 

the  delivery  valve  and  the  mouth  of  the  delivery  pipe,  \ 

and  tlie  water  being  forced  through  the  pipe  faster  than 

it  can  escape  at  the  orifice,  rises  in  the  air  vessel,  com- 
pressing the  air  therein  with  a  pressure  proportionate  to 

the  pressure  on  the  delivery  valve.    On  the  return  stroke, 

when  the  piston  ceases  to  act,  the  air  expand*  and  continues 

the  flow  of  water  until  the  pressure  of  the  air  is  only  equal 

(o  the  pressure  of  the  column  of  water  between  the  air 

vessel  and  the  mouth  of  the  delivery  pipe.      See  the  cut, 

in  which  a  i*  the  air  vessel ;  b  a  flange  by  which  it  is 

attached  to  the  dehvery  pipe  or  main ;  and  e  the  exit 

jripe. 

AIR  TRAP.     A  contrivance  for  excluding  the  effluvia  arising  from  drains, 

tec    The  mo*t  nmpie  and  eSectual  trap  for  this  purirase  consists  of  what  is 

. J ._  :-:_.   _i.;.i l 1 i       fjg_  |  represents  the 

the  pipe  leading 


ugh  the  bottom  of 


to  the  drain,  the  upper  end  passiae  thr 

'    ''  .     1    ^      -jjj  somewhat  !   „  ... 

to  the  sink.   Over  ^le  mouth  of  the  pipe  is  inverted  a 
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Fig.  I 
«  unnewlut  nnaller  thin  the  other,  and  descending  to  __ 

within  a  short  distance  of  the  bottom  of  b,  and  on 

the  top  of  thiB  is  fixed  s  strainer  to  prevent  the  pas- 

■age  of  substances  which  would  choke  the  pipe.     Now 

M  the  water  in  passing  off  by  the  pipe   will  always 

leave  the  cup  b  full  up  to  the  lop  of  the  pipe,  the  cup 

e  will  always  be  immersed  to  a  certain  depth  in  the 

water,  which  will  effectually  prevent  the  escape  of  foul 

air  from  the  pipe  a,  for  air  being  lighter  than  water, 

cannot  of  course  descend  through  it.     f^  2  repre- 

wnti   an  air  trap,  which,  instead  of  being  made  of 

metal,  ii  fabricated  of  the  common  red  potteiy,  and  is  particularly  adapted  for 

falling   into  a  course  of  the   "  flooring  ; 

quatries,"   used  in  many  parts   of  the   r '"irT; — j 

country,  which  are  cleansed  by  washing   E  iL-Ij — f 

and  sluicing  Ihem  with   water.     In   its   L— .     ^  '■ 

Buperficei  it  presents  a  square  of  9  inches,  ^    rX, 

the  same  as  the  ordinary  quarries,      a  is  /      I  '^   "^ 

the  grating;   b  the  trap  frame.     It  will 

be  evident  no  foul  air  can  pass  up  the 

gratinz,   as   the   only   passage  for  it  ii 

through  the  water,  over  the  stop  c,  and 

under  d.  '     '      " 


AIR  PIPES.  An  invention  of  Mr.  Sutton,  a  brewer,  of  London,  for  ven- 
tilating the  holds  of  ships,  and  For  drawing  out  the  foul  ait  which  arises  fi-om 
the  bi%e  water,  and  collects  between  the  timbers.  A  pipe  proceeding  fVom  the 
lower  part  of  the  hold  is  brought  up  to  the  ash-pit  of  the  ship's  coppers  or 
other  fire-place,  and  the  air  becoming  rarefied  by  the  fire  above  it,  it  ascends, 
and  its  place  is  supplied  by  the  external  air  rushing  into  the  hold  through  the 
intereticea  between  the  timbers,  or  by  pipes  desceamng  for  diat  purpose  from 
the  deck  to  the  bold. 

AJUTAGE.  The  tube  or  mouth  through  which  water  is  discharged.  On 
the  forms  of  these  depend  in  a  great  degree  the  force  and  velocity  of  the  motion 
of  the  fluid.    See  Hrt>RODYN*iiioa. 

ALARM,  oa  ALARUM,  is  a  terra  applied  to  a  variety  of  instruments  con- 
strucled  for  ttie  purpose  of  producing  sufficient  sound  or  noise  to  awaken  a 
person  fh>m  eleep,  or  otherwise  to  give  notice  of  some  occurrence,  or  wartiin^ 
of  the  state  of  the  time,  Sk. 

GUtmy  and  Darbg'i  Fire  tmd  Bursary  jllam.  The  abject  of  this  invention, 
for  which  a  patent  wai  taken  out  in  1820,  is  to  indicate  by  means  of  a  placard 
or  signal,  containing  the  written  information,  in  what  part  or  situation  of  the 
premises  to  which  it  is  attached,  a  fire  or  hui^lary  has  taken  place,  immediately 
upon  either  having  happened.  This  is  effected  by  placing  an  alarm-bell  within 
a  box,  (having  the  appearance  of  any  ardcle  of  fiimiture,)  the  internal 
mechanism  of  which  is  connected  by  lines  or  wires  to  every  part  of  the  premises 
deemed  to  be  hazardous.  These  lines,  carried  firom  the  alarum  in  the  manner 
of  hell-wires,  are  at  their  estremiciea  ramnected  to  triggers,  any  one  of  which 
bein^  discharged,  releases  its  line  immediately,  and  sets  off  the  alarm-bell 
within  the  box,  firing  a  pistol  also,  If  attached  uiereto;  and  at  the  same  time^ 
causes  a  slider  or  label  to  be  presented,  containing  the  words,  "  Fire,"  or 
"  Thieves,"  in  such  a  part  of  the  premises,  describing  where,  and  which  of  the 
two  occurrences.  The  construction  of  the  apparatus  is  as  follows:  A  box  of 
any  external  appearance,  placed  in  the  bed-room  or  elsewhere  as  a  piece  of 
Aimilure,  contains  the  alarm-bell,  which  is  connected  to  the  striking  part  of  a 
clock.  Each  of  the  lines  before  described,  are  connected  at  one  end  to  a  piece 
of  metal  as  a  trigger,  which  is  hooked  to  a  hold-fast,  placed  in  such  a  situadon 
that,  by  the  opening  of  a  door  or  window,  the  trigger  is  liberated,  and  the  line 
which  paBses  over  the  pulleys  placed  at  every  angle,  is  drawn  back  by  the  other 
end  bemg  attached  to  a  weight  inside  the  box;  the  weight  in  descending  strikes 
•gainst  a  lever  formed  by  a  projecting  pin,  fixed  to,  and  tutnlDg  on,  an  hori- 
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lontal  axis.  This  axis  carries  a  series  of  lerer  pins,  corresponding  with  the 
nnmher  of  lines,  weights,  &c.  employed;  so  that  any  one  of  the  weights  hy 
fidling,  causes  the  axis  to  torn,  and  by  means  of  an  arm  projecting  from  the 
axis,  a  wire  connected  to  the  striking  part  is  pulled,  and  the  alarm  set  off.  The 
labels  or  slides  before  mentioned  are  each  connected  by  a  line  or  chain  to  its 
respecttye  weight,  which,  4in  its  descent,  projects  or  draws  out  to  view  the  label 
conveying  the  required  information.  In  adapting  this  apparatus  to  indicate  the 
occurrence  ofjlre,  small  lines  of  cat^t,  or  threads  of  sufficient  strength,  are 
Bubstitnted  for  the  before  mentioned  Imes,  which  are  carried  across  the  ceilings 
or  round  the  cornices  of  the  apartments  to  be  guarded.  Some  one  of  these 
slender  strinssy  it  is  considered,  would  be  soon  burnt  by  the  ascent  of  the  flame, 
and  give  early  notice  of  the  destructive  element,  by  the  alarm  bell  to  which  it 
was  attached  being  put  in  action,  which  would  at  the  same  time  indicate  the 
situation  of  the  fire.  Prior  to  the  granting  of  this  patent,  many  of  the  mechanical 
arrangements  described  under  it  were  in  use^  and  the  patentee's  claim  to  inven- 
tion may  be  considered  as  limited  to  the  introduction  of  the  direction  labels, 
which,  in  a  large  building,  might  prove  of  eminent  use. 

Butteffs  Fhre  Alarum,  This  apparatus  is  put  into  operation  by  the  expansion 
of  a  smaU  quantity  of  air  contained  in  an  instrument  called  a  pulse  glass,  which 
consists  of  two  bulbs,  with  a  small  tube  of  communication  between  them.  Into 
this  vessel  ii  put  some  liquid,  usually  coloured,  so  as  to  about  half  fill  it,  tlie 
remaining  space  being  occupied  by  air ;  it  is  hermetically  sealed.  This  instru- 
ment is  so  extremely  sensible  of  a  slight  increase  of  temperature,  th«t  on  placing 
merely  the  hand  upon  one  of  the  bulb«i,  or  by  gently  breathinc^  upon  it,  the  liquid 
IS  rapidly  forced  out  through  the  tube  into  uie  other  bulb,  owing  to  the  expansion 
of  the  air  within  that  bulb  to  which  the  warmth  is  implied,  and  producing  an 
apparent  ebullition  in  the  liquid  by  the  bubbling  of  the  air  through  it  When 
these  bulbs  are  e<jui]»oised  upon  an  axis  plac^  midway  between  them,  it  is 
obvious  diat  the  Uquid  flowing  into  either  bulb  will  cause  it  to  preponderate ; 
and  to  obtam  firom  this  preponderating  action  sufficient  force  to  set  off  an  alarumi 
Mr.  Rusaell  contrived  the  following  arrangement  a  represents  one  of  the  glass 
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bulbs,  nearly  filled  with  the  liouid,  which  should  also  fill  the  tube  of  communi- 
cation np  to  the  (mening  into  tne  bulb  h;  the  whole  of  this  vessel  is  enclosed  in 
a  cavity  cut  out  of  a  block  of  wood,  except  a  portion  of  a,  which  is  exposed  for 
the  purpose  of  being  influenced  by  an  increase  of  temperature.  The  block 
turns  fireely  upon  a  centre  or  fiilcrum  at  c,  fixed  upright  in  a  stand  d,  «  is  a 
long  mortisea  lever  or  tube,  containing  four  leaden  baUs,  so  placed  over  the 
fulcrum  as  to  rest  in  equilibrio.  Upon  heat  being  applied  to  the  bulb  a,  the  air 
above  the  liquid  rapi^y  expands,  and  drives  it  into  b;  the  weight  being  thus 
increased  on  that  side,  causes  the  lever  to  descend  in  the  direction  of  theUne/, 
while  at  the  same  instant  the  leaden  balls  suddenly  roll  down  the  inclined  plane, 
accelerating  the  descent  of  the  lever,  and  Impart  to  it  a  considerable  degree  of 
Ibrce,  which  it  is  evident  may  be  almost  indefinitely  increased  by  lengthening  the 
lever,  or  augmenting  Uie  rolnnff  weights.  As  motion  is  thus  produced,  attended 
with  great  power,  its  application  to  the  ringing  of  a  bell,  or  any  number  of 
them,  or  the  firing  odT  a  gun,  may  be  easily  understood,  all  that  is  required  being 
a  crank,  with  a  wire  connecting  it  to  the  alarm  \ised.  If  a  water  pipe  and  stop- 
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cock  were  Attached  to  the  fiilcnim  of  the  lever,  the  plug  of  the  latter  would 
thereby  he  opened,  and  the  floor  underneath  be  deluged  with  water. 

Colbert's  Pire  Alarm.  This  consists  of  a  column  of  mercury  in  a  tube,  with 
a  floating  piston,  which  ascends  and  descends  as  the  mercury  expands  and  con- 
tracts. A  rod  from  the  piston  is  connected  at  its  upper  end  to  a  lever,  which, 
on  being  raised,  releases  a  click  or  detent,  and  discharges  the  alann.  The 
apparatus  is  provided  with  a  dial  plate  and  index,  pointing  to  the  degrees  of 
heat,  which  is  to  be  adjusted  to  a  few  demes  of  heat  above  the  temperatare  o/ 
the  atmosphere,  or  above  the  utmost  heignt  to  which  it  is  expected  the  mercuiy 
might  rise  from  natural  causes  during  uie  night  It  is  enclosed  in  a  case  of 
open  fret- work,  for  the  purpose  of  readfly  transmitting  the  heat^  and  is  to  be 
deposited  in  the  well  of  a  stair-case,  or  other  desirable  place. 

Congreve't  Fire  Alarm,  The  late  Sir  William  Congreve  sugffested  the  em- 
ployment of  two  metal  plates  placed  in  contact,  with  a  cement  between  themi 
that  would  melt  at  a  low  temperature.  These  plates  were  to  be  suspended  by  a 
thread  to  opposite  comers  of  a  room,  when  it  was  considered  tnat  a  sliffht 
increase  of  heat  would  melt  the  cement^  cause  the  plates  to  fidl  asun&r^ 
and  discharge  the  alarm.  If  the  reader  will  refer  to  the  experiments  detailed 
under  the  article  Adubsion,  he  will  find  abundant  reason  to  doubt  the  certain^ 
of  the  ready  separation  of  the  plates  under  the  circumstances  mentioned;  and 
he  will  then  probablv  give  the  preference  to  the  following  suggestion  of  our  own. 
Fh>vide  a  common  house  bell  and  spring.  To  that  end  of  the  spring  by  which 
it  is  fixed  to  any  object,  tie  a  short  piece  of  tape,  suflident  to  reach,  when  ex- 
tended, only  hm  way  to  the  bell ;  ana  to  that  end  of  the  spring  next  to  the  bell  tie 
another  piece  of  tape  of  the  same  length  as  the  former.  Then  compress  the  spring, 
so  that  the  tapes  can  overlap  each  other,  and  insert  between  tnem  a  piece  of 
wax,  (made  of  equal  parts  of  common  resin  and  bees'  wax)  which  may  oe  com- 
pressed together  by  the  fingers.  The  overlapping  may  be  to  such  an  extent  as 
will  cause  the  wax  to  soften  and  the  tapes  to  separate,  on  applving  a  heated 
atmosphere  to  Uiem  of  about  lOO^  Fahr.,  when  the  ehuticity  of  the  spring  will 
produce  the  required  clattering  of  the  belL 

We  shall  now  proceed  to  rive  a  few  examples  of  alarums  for  giving  notice  of 
the  arrival  of  predetermined  periods  of  time,  by  means  of  easily  constructed 
mechanism,  referring  the  reader  to  Clocks  and  Watches  for  those  of  a  more 


elaborate  nature.  The  above  figure  represents  a  watch  alarum,  which  the 
inventor  states  he  has  made  several  of,  and  that  they  answer  exbremely  well. 
In  a  solid  frame  of  wood  p  q  about  8  inches  by  4,  and  1  thick,  is  inserted  a 
metallic  rod,  bent  into  a  right  angle  at  b,  to  which  are  attached  a  small  rod  U, 
and  two  fixed  pulleys  de.  /  is  a  cylindrical  piece  of  wood,  having  inserted  at 
one  end  the  pipe  of  a  watch  key,  by  which  it  may  be  made  to  rest  on  the  pivot 
of  the  watch,  (the  watch  being  sunk  a  little  into  the  frame,)  and  turns  with  tlio 
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minute  Iiand,  and  at  the  o&er,  a  i>in  which  keeps  it  steady  by  passing  through 
a  hole  in  the  nnl  il.  A  thread  which  is  fixed  to  the  piece  /,  and  may  be  rolled 
round  it,  passes  under  the  pulley  e  over  d,  and  round  the  moveable  pulley  I,  t^ 
which  the  weight  w  is  attached ;  and  being  brought  through  a  hole  in  the  rod  *  c 
is  fixed  there  by  the  pin  g.  This  pin  is  used  to  regulate  the  length  of  the  thread 
so  that  when  it  is  comj^letely  wound  off  the  cylinder  /  the  weight  w  may  res  I 
on  the  plane  h,  whicb  is  moveable  on  a  pin  at  m.  The  bell  is  fixed  to  one  end 
of  a  long  spring  r  #  ^  the  other  end  of  which  is  fastened  to  the  board  at  r;  at 
t  is  fixed  a  string,  whicb  keei»  the  bell  in  the  position  represented  in  the  figure, 
by  means  of  a  bit  of  wood  o  inserted  into  two  notches,  one  in  the  plane  A,  and 
the  other  in  the  horixontal  part  of  the  frame  n  ;  the  friction  of  the  bit  o  pre- 
venting the  plane  h  from  falling.  It  will  be  easily  perceived  that  by  winding 
the  thread  a  certain  number  of  times  round  /,  the  weight  to  will  be  raised  to  a 
height  fimm  which  it  will  take  it  so  many  hours  to  descend  to  the  plane  h,  and  that 
when  it  does  reach  that  plane  and  press  upon  it,  the  bit  o  will  be  released  from 
the  notch,  and  the  ehisticity  of  the  spring  will  make  the  bell  ring  with  consi- 
derable violence. 

An  improved  mode  of  releasing  the  bell,  described  in  the  foregoing  plan  is 
exhibited  in  the  suljoined  diagram,  wherein  the  parts  are  drawn  upon  a  larger 


scale.  In  thu  figure  the  bit  of  wood  o  is  supposed  to  be  tightly  pulled  by  the 
string  attached  to  the  spring  of  the  beU,  its  lower  end  being  detained  by  a  fixed 
pteoe  b  b,  and  its  upper  end  held  by  a  bent  piece  of  brass,  which  turns  upon  a 
centra  at  c  c,  and  whose  other  end  sustains  the  plane  h  by  pressing  againdt  the 
piece  a  a.  The  descent  of  the  weight  depressing  the  plane  A,  causes  the  bent 
piece  of  brass  to  swing  loose  and  release  the  piece  of  wood  which  is  connected 
to  the  bell. 

The  annexed  figure  represents 
a  watch  alarum  that  is  sold  in 
the  shops  of  London,  and  which 
we  have  seen  perform  with  con- 
siderable accuracy.  The  expense 
of  it  IS  onlv  seven  shillings,  a  a 
is  a  turned  mahogany  stand ;  b 
the  watch  laid  in  a  velvet  cush- 
iooed  cavity  adi^^ted  to  receive 
It,  and  placed  in  such  a  position, 
that  the  hoar  at  whi^h  a  person 
may  wish  to  rise,  shall  be  placed 
moette  to  a  &ad  index  c.    A 
Ime  lia^  consisting  of  a  single  horse  hair,  with  a  loop  at  the  end  of  it,  is  then 
laid  into  the  notch  of  a  guide  piece  d,  and  tlie  loop  is  then  slipped  over  the  hour 
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hand  of  the  watch.    At  e  ii  a  light  ivonr  lever;  to  this  the  hone  hair  it  tied 
ahout  midway  of  its  length,  with  a  weight  /  suspended  to  its  lowest  end.    The 


by  the  process  of  time,  the  hoar  hand  has  amved  at  the  period  proposed,  which  is 
ojpposite  to  the  point  of  the  index,  the  horse  hair  slips  from  it,  the  little  weight 
tuereby  becomes  unsupported,  pulls  down  the  ivory  lever,  raising  the  hook  of 
the  pin,  which,  releasing  the  spring,  sets  the  bell  ringing. 

The  periodical  journals  a  few  years  ago  abounded  with  plans  of  simple  alarums; 
and  any  person  hayinff  a  taste  for  such  trifles  in  meehanios  might  easily  multiply 
them,  as  the  materiab  as  well  as  the  arrangements  of  parts  may  be  almost  in- 
finitely varied.  Sand,  passing  through  a  minute  perforation,  (as  in  the  hour-glass,) 
and  charging  a  receptacle,  whose  weight  in  due  time  gave  motion  to  a  beU,  was 
a  common  expedient  The  substances  used  for  domestic  light  have  also  been 
called  into  use,  to  show  by  their  uniform  decrease  of  Quantity  the  time  passed, 
and  by  their  decrease  of  weight  in  consequence  allow  tne  reaction  of  a  constant 
force  to  give  motion  to  an  alarum.  Tne  most  perfect  and  elmnt  piece  of 
mechanism  for  this  purpose,  is  Berrollas's  patent  watch  idarum,  which  we  have 
fully  described  under  the  head  Horoloov. 

ALBUMEN.  A  viscous  ropy  fluid,  found  in  its  greatest  purify  in  white  of 
9RgSi  frotn  whence  it  derives  its  name.  The  serum  or  colourless  part  of  the 
blood,  the  crystallino  humours  of  the  eye,  and  all  animal  matters,  contain  it  in 
ereat  abundance.  It  is  also  found  in  many  vegetables,  more  particularly  in 
those  which  undeigo  spontaneous  fermentation.  The  juice  of  the  papau  tree, 
mushrooms,  and  many  other  fungi,  contain  considerable  quantities.  Pure 
albumen  may  be  obtained  by  agitating  the  white  of  an  egg  with  alcohol,  which 
separates  the  aqueous  particles.  From  the  liquid  thus  obtained,  it  does  not, 
however,  appear  that  more  than  15}  per  cent  of  dry  albumen  exists;  for  if  it 
be  exposed  to  a  low  gradual  heat,  it  will  lose  about  80  per  cent  of  water,  and 
4|  of  a  liquid  uncoagulable  matter.  According  to  the  best  analysis,  it  is 
composed  of 

Carbon 52.883 

Oxygen 23.872 

Hydrogen 7.540 

Nitrogen 15.705 

100. 


The  most  remarkable  property  of  albumen  is  that  of  its  coagulating  or  forming 
a  white  solid  substance,  dv  the  application  of  gentle  heat  At  the  temperature  of 
1 60O  Fahr.  it  solidifies,  and  is  then  msoluble  in  water.  On  this  account,  its  existence 
in  water  may  be  easily  detected.  According  to  Dr.  Bostock,  if  water  contain 
j^  of  its  weight  of  albumen,  it  becomes  opaoue  on  boiling,  by  the  coagulation 
of  this  substance.  It  may  also  be  coagulated  bv  a  powerful  voltaic  battery.  If, 
after  coagulation,  a  continued  heat  he  applied,  a  semi-transparent  homy  sub- 
stance is  formed.  Albumen  is  soluble  in  water  by  agitation,  out  the  coagulum 
is  not,  unless  artificial  pressure  be  applied ;  this  may,  however,  be  dissolved  by 
most  of  the  acids.  It  is  generally  supposed  that  a  minute  quantity  of  sulphur 
exists  in  albumen.  If  the  serum  of  blood  is  evaporated  in  a  silver  vessel,  a  coat 
of  sulphuret  of  silver  is  formed :  this  also  occurs  when  a  spoon  has  been  dipped 
frequently  in  a  boiled  egg.  Albumen  u  a  delicate  and  valuable  test  for  tnat 
fatal  poison,  corrosive  sublimate,  which  it  precipitates  from  its  solution  in  white 
floccmi.  It  also  renders  the  poison  inert,  and  is  therefore  employed  as  a  remedy. 
A  valuable  cement  for  joining  earthenware,  china,  stone,  &c  is  made  by  mixing 
albumen  diluted  with  water  and  quick  lime.  This  cement  will  harden  under 
water,  and  tet»  in  the  open  air  almost  immediately.  Albumen  is  very  extensively 
employed  in  clarifving  wines,  and  also  in  rendering  leather  supple.  It  undeigoes 
decomposition  rapidly  if  exposed  to  the  atmosphere,  and  emits  a  very  rauseous 
odour.    The  coagulated  albumen  is  not  liable  to  decomposition. 
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ALCHEMY.  Tho  word  is  derived  from  the  Arabii  al  (the)  and  kemia 
(excellent),  and  deifies  the  most  exalted  science.  It  is  a  branch  of  chemistry, 
the  objects  of  which  were  the  transmutation  of  inferior  metals  to  gold ;  tine 
discovery  of  an  elixir  vitse,  or  universal  medicine ;  an  universal  solvent ;  and 
other  visionary  and  impracticable  schemes.  The  Saracens  are  supposed  to  have 
first  introduce  the  art  into  Europe ;  and  so  eagerly  was  it  piursued  by  many 
of  the  most  exalted  in  station  and  e^ren  in  knowledge,  that  monarchs  have  not 
been  ashamed  to  practise  it,  or  to  be  duped  by  it.  It  is  said  that  the  Emperor 
Caligula  endeavoured  to  obtain  gold  from  the  sulphuret  of  arsenic;  and  Edward  I. 
witnessed  an  attempt  made  by  Ravmond  Lully  to  obtain  the  precious  metal 
from  iron,  which  it  was  believed  he  accomplished.  Most  of  the  alchemists 
imagined  that  gold  was  the  only  elementary  metal,  and  that  the  others  were 
merely  gold  contaminated  by  foreign  matters,  from  which  it  was  possible  to 
separate  it  It  was  also  imagined  mat  mercury  might  be  solidified,  and  that 
silver  would  be  the  result.  In  these  futQe  pursuits  many  lives  were  spent,  and 
splendid  fortunes  sacrificed.  The  art  of  the  professors  of  alchemy  was  shrouded 
in  mystery,  which  none  but  the  initiated  could  penetrate.  Their  language  was 
symbolical  and  they  either  believed  or  propagated  the  notion  that  supernatural 
influence  was  necessary,  and  might  be  commanded  in  their  pursuits.  Tne  student 
was  sometimes  required  to  qualiiy  himself  for  the  attainment  of  his  object  by 
acts  of  devotion  and  charity.  The  operations  were  by  some  only  attempted  when 
planetary  influence  was  supposed  favourable  to  success.  So  many  exalted  per- 
sons became  the  dupes  and  victims  of  the  professors  of  alchemy,  that  in  the  reign  of 
Henry  IV.  an  act  was  passed  prohibiting  all  attempts  to  make  gold  or  silver  under 
the  pain  of  felony.  From  the  numerous  well-authenticated  instances  of  persons 
having  procured  gold  by  certain  mystical  operations  with  the  aid  of  fire,  it  is 
generally  believed  that  a  fraudulent  slight  of  hand  was  practised.  A  hoUow 
rod,  containing  gold  dust,  is  said  to  have  been  employed  in  stirring  the  contents 
of  the  crucible,  or  the  precipitated  solution  of  gold  used  as  a  component  in  the 
powder  of  projection.  In  these  ridiculous  attempts,  however,  many  valuable 
chemical  discoveries  were  accidentally  made.  Porcelain  china  was  first  obtained 
by  an  alchemist  in  search  of  the  philosopher's  stone. 

ALCOHOL.  The  purely  spirituous  part  of  liquors,  which  have  undergone 
Uie  vinous  fermentation.  It  is  the  product  of  the  saccharine  principle  formed 
by  the  successive  processes  of  vinous  fermentation  and  distillation;  and  all  fer- 
mented liquors  wul  afibrd  it  Although  brandv,  rum,  arrack,  malt  spirits,  and 
the  like,  difier  much  in  colour,  taste,  smell,  and  other  pnmerties,  the  spirituous 
part,  or  alcohol,  is  the  same  in  each.  The  chief  properties  of  alcohol  are  the 
foUowing :  It  is  a  colourless  transparent  liquor,  very  movable  and  light,  from 
which  cause  the  bubbles  formed  by  shaking  it  subside  instantly.  Its  smell  is 
poignant  and  agreeable,  and  its  taste  hot  and  pungent  It  is  so  exceedingly 
volatile  as  to  be  converted  into  vapour  by  the  heat  of  the  hand ;  when  exposed 
to  the  ait,  it  evaporates  at  10^  above  the  freezing  point,  and  leaves  no  residue 
except  a  litfle  water,  when  not  quite  pure.  It  boUs  at  about  165^  Fahr.,  and  it  is 
generally  supposed  Uiat  it  cannot  be  frozen,  although  Dr.  Hutton  asserts  that  he 
succeeded  in  freezing  it ;  but  as  he  kept  his  method  a  secret,  no  one  has  been 
able  to  repeat  the  process.  Alcohol,  when  heated  in  contact  with  air,  if  it 
be  pure,  bums  with  a  light  flame,  without  leaving  any  residue,  and  vieldhig  by 
the  combustion  a  vapour,  which  is  found  to  be  nothing  but  water,  and  the  weight 
of  which  Lavoisier  found  to  exceed  by  \  part  the  weight  of  the  alcohol  consumed. 
Alcohol  mixes  with  water  in  any  proportion,  giving  out  heat  by  the  mixture ; 
and  a  mutual  penetration  of  the  parts  takes  place,  so  that  the  bulk  of  the  two 
liquors,  when  mixed,  is  less  than  when  separate.  So  strong  is  the  affinity 
between  these  two  fluids,  that  water  is  capable  of  separating  alcohol  from  many 
of  the  sabstanoes  which  may  be  united  with  it;  and  again  alcohol  decomposes  most 
saline  solutions,  and  precipitates  the  salts.  The  folbwing  substances  are  soluble 
in  alcohol  in  different  proportions :  all  the  alkalies,  when  pure ;  several  of  the 
neutral  earths  and  metaflic  salts ;  sulphur  in  vapour ;  phosphorus  slightly ;  the 
essential  oib ;  and  the  odorous  part  of  vegetables,  resins,  and  gum-resins,  wax, 
spermaceti,  biliary  calculi,  &c.  The  following  substances  are  insoluble  in  alcohol : 
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the  alkaline  /.4urbonates ;  all  the  sulphates ;  smne  of  the  nitrates  and  miniates ; 
metids ;  metallic  oxides  and  metallic  acids ;  all  the  pure  earths ;  the  fixed  oils, 
unless  when  united  to  alkalies,  or  converted  into  drymg  oils  hy  metallic  oxides; 
muscular  fihre ;  the  coagulum  of  hlood ;  and  albumen.  To  ascertain  the  purity 
of  alcohol,  yarious  methods  have  been  devised.  It  has  been  thought  that  alcohol 
which  bums  readily  and  leaves  no  residue  is  very  pure,  but  this  test  is  fallacious, 
for  the  heat  produced  is  sufficient  to  dry  up  part  of  the  water.  Another  method 
is,  to  drop  a  small  quantity  of  it  on  eunpowaer,  and  set  fire  to  the  spirit,  and  if 
tlie  spirit  be  pure,  it  will  bum  quie^  on  the  powder,  and  the  last  portion  of  it 
will  Ignite  the  powder,  but  if  the  spirit  be  watenr,  the  powder  will  not  explode. 
This  proof  is,  also,  not  to  be  depended  upon ;  mr  if  any  considerable  quantity 
of  even  the  best  alcohol  be  poured  on  a  small  quantity  of  powder,  the  water 
which  it  aflbrds  as  it  bums,  moistens  the  powder  and  prevents  it  from  kindling ; 
and  if  it  be  only  barely  moistened,  any  spirit  that  will  bum  will  inflame  it. 
The  most  accurate  method  is  to  find  its  specific  gravity  by  a  hydrometer,  noting 
carefiiUy  at  the  same  time  its  temperature.  The  uses  of  alcohol  are  very 
numerous,  and  it  is  extensively  employed  in  medicine  and  the  arts.  In  com* 
bination  with  copal,  resin,  &c.  it  forms  varnishes.  From  its  antiseptic  power  it 
is  well  calculated  to  preserve  anatomical  preparations.  Its  gentle  ana  steady 
heat,  unaccompanied  by  smoke,  renders  it  ehgible  for  burning  in  lamps ;  and 
from  the  impossibility  of  freezing  it  in  any  known  degree  of  cold,  it  is  well 
adapted  for  indicating  the  lower  degrees  of  temperature  in  the  thermemeter. 
Having  thus  briefly  noticed  the  properties  and  uses  of  alcohol,  we  shall  proceed 
to  describe  the  process  by  which  it  is  obtained,  giving,  at  the  same  time,  an 
account  of  several  modifications  of  the  apparatus  employed,  which  have  been 
recently  invented,  end  embracing  a  description  of  the  most  improved  French 
distilling  apparatus.  The  substances  firom  which  alcohol  is  chiefly  prepared, 
are  the  jmce  of  the  grape,  molasses,  grain,  and  the  farina  of  potatoes ;  these 
substances  containing  a  lu]ge  portion  of  saccharine  matter,  which  is  the  basis  of 
the  vinous  fermentation.  Ine  mode  of  extracting  this  saccharine  matter  depends 
upon  the  nature  of  the  substance  operated  upon ;  but  a  saccharine  solution 
being  obtained,  the  mode  of  converting  it  into  alcohol  is  the  same  for  them  all. 
The  solution  is  first  set  to  ferment,  a  certain  quantity  of  yeast  or  other  fermenting 
principle  being  in  some  cases  added.  During  the  fermentation  particular 
attention  must  be  paid  to  the  temperature ;  if  it  exceed  77<>  Fahr.  the  fermen- 
tation will  be  too  rapid ;  if  below  60o  Fahr.  the  fermentation  will  cease.  The 
mean  between  these  points  is  considered  as  the  most  favourable,  and  the  fer- 
mentation must  be  continued  until  the  liquor  grows  fine  and  pungent  to  the 
taste,  but  not  so  long  as  to  permit  the  acetous  fermentation  to  commence. 
When  the  fermentation  is  finisned,  the  liquor,  if  it  be  the  juice  of  the  gr&pe, 
is  termed  wine  ;  but  if  the  produce  of  other  substances,  it  is  termed  wuh*  The 
wine  or  wash  is  put  into  a  still  (of  which  it  should  occupy  about  three- 
fourths,)  and  distilled  with  a  gende  fire,  as  long  as  any  spint  comes  over, 
which  is  generally  until  about  half  the  wash  is  consumed.  The  form  of  the 
common  stiU  is  too  well  known  to  need  any  particular  description ;  it  generally 
consists  of  a  laree  boiler,  made  of  copper,  and  fixed  in  masonry  over  a  fire- 
place. The  boiler  has  a  head  of  a  glooular  form,  to  which  is  soldered  a  neck, 
which,  forming  a  complete  arch,  curves  downwards,  and  fits  into  what  is  called 
the  worm.  The  worm  is  a  long  tube,  generally  made  of  pewter,  of  a  gxadually 
decreasing  diameter,  and  is  curled  round  into  a  spiral  form ;  it  is  enclosed  in  a 
tub  which  is  kept  filled  with  cold  water  during  the  distillation.  The  produce  of 
the  first  distillation  forms  what  is  termed  kw  wmes  ;  consisting  of  alcohol  com- 
bined with  a  large  portion  of  water,  on  an  average  about  one  part  of  alcohol  to 
five  parts  of  water.  This  is  re-distilled,  and  arords  proof  spirit,  consisting  of 
equal  portions  of  spirit  and  water.  The  proof  spirit  being  returned  to  the  still 
and  re-distilled,  the  product  is  called  spirits  of  wine  or  lucohol,  being  alcohol 
combined  with  a  very  small  portion  of  water,  from  which  it  is  impossible  to 
firee  it  by  distillation,  but  whicn  may  be  wholly  or  in  great  purt  removed  by  other 
processes,  to  be  hereafter  described.  The  mnt  important  improvement  in  the 
process  of  obtaining  alcohol  was  introduced  by  a  French  ohenust  named  Adam, 
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who^  by  a  happy  application  of  scientific  principles,  was  enabled  to  dispense  with 
the  tedious  re-distufations,  and  to  obtain  alcohol  highly  concentrated  by  a  single 
operation ;  economising  time,  labour,  fuel,  and  (what  in  many  situations  is 
highly  important,)  water  for  condensation ;  besides  obtaining  spirits  of  a  superior 
qi^ity,  with  an  increase  in  the  quantity  produced.  The  principle  of  his  in- 
vention consists  in  causing  the  vapour  of  the  wine,  with  which  the  still  is 
charged,  to  pass  through  a  quantity  of  wine  contained  in  a  vesjel  placed  between 
the  still  and  the  refrigerator,  by  which  the  vapour  is  condensed,  and  imparts  its 
heat  and  alcohol  to  the  wine,  until  at  length  it  enters  into  ebullition ;  and  as 
this  wine,  besides  its  natural  portion  of  alcohol,  has  received  the  alcohol  con- 
tained in  the  vapour  of  the  wine  in  the  still,  its  vapour  will  be  more  highly 
charged  with  alcohol  than  the  former,  and  this  vapour  in  its  turn  is  condensed 
in  another  vessel  similar  to  the  former,  and  so  on  through  a  number  of  vessels 
in  succession,  until  it  arrives  at  the  reirieerator  highly  concentrated.  His 
apparatus  in  its  arrangement  resembled  "  Wolfe's  apparatus:"  between  the  stUl 
and  the  refiigerator  were  placed  three  or  four  strong  copper  vessels,  named 
^ga,  firom  their  |hape.  From  the  head  of  the  still  a  pipe  proceeded  to  nearly 
the  bottom  of  the  first  tgg,  and  from  the  top  of  each  egg,  a  similar  pipe  pro^ 
oeeded  to  nearly  the  bottom  of  the  next  egg  in  succession,  the  pipe  from  the  top 
of  the  last  egg  being  connected  to  the  worm,  which  first  travened  a  vessel  or 
reservoir  containing  wine,  and  then  passed  through  a  vessel  containing  cold 
water.  From  the  wine  reservoir  a  pipe  went  to  the  still,  communicating  also 
with  the  bottom  of  the  eggs,  bv  means  of  cocks,  for  the  purpose  of  charging  the 
still  and  eggs  with  the  liquid  for  distillation,  the  several  vessels  being  each  filled 
about  three-fourths.  When  ebullition  takes  pl^ce  in  the  still,  the  vapour  issuing 
from  it  is  condensed  by  the  wme  in  the  nrst  egg  gradmdly  raismg  its  tem- 
perature untQ  it  likewise  boils,  and  its  vapour  (which  is  richer  in  alcohol  than 
the  vapour  fix»m  the  still)  is  in  like  manner  condensed  in  the  wine  of  the  second 
egg^  and  so  on  through  the  remaining  eggs,  the  vapour  issuing  from  the  last 
into  the  refrigerator  being  highly  concentrated.  The  upper  part  of  the  refri- 
gerator being  immersed  in  the  wine  reservoir,  the  alcoholic  vapour  in  its  passage 
through  die  refrigerator  gives  out  a  portion  of  its  heat  to  the  wine  by  which  it 
is  surrounded,  tiud.  is  finally  condensed  by  ihe  cold  water  in  which  the  lower 
portion  of  the  refrigerator  is  inunersed.  When  the  vapour  from  the  still  no 
lanwst  contains  alcohol,  the  contents  of  the  still  are  discharged,  and  the  still  ia 
r»-charged  from  the  first  egg,  which  is  charged  in  its  turn  from  the  second,  and 
lo  on  throughout  the  series,  the  last  egg  being  charged  from  the  wine  reservoir, 
the  wine  in  which  has  been  already  considerably  heated  by  the  passage  of  the 
alcoholic  vapour  through  the  refrigerator.  Although  the  principle  of  this  in- 
Tontion  is  acunirable,  and  has  served  as  the  basis  of  a  great  part  of  me  subsequent 
improvements  in  distillatory  apparatus,  yet,  as  was  to  be  expected,  improvements 
have  been  introduced  in  the  construction  and  arrangement  of  the  parts,  several 
of  which  we  shall  lay  before  our  readers,  for  whida  reason  we  omit  giving  a 
drawing  of  the  original 

About  the  same  time  that  Adam  introduced  the  important  improvement  just 
described,  M.  Solimani,  Professor  of  Natural  Philosophy  in  the  Central  School 
of  the  Gironde,  contrived  to  obtain  the  same  results  by  a  different  method. 
The  principle  upon  which  his  invention  is  based  is,  that  water  to  exist  in  the 
state  of  vapour  requires  a  temperature  of  2120  Fahr.,  whilst  alcohol  boils  at 
about  165^ ;  and  that  if  a  mixture  of  the  two  vapours  be  exposed  to  any  tem- 
peraturo  between  these  two  points,  a  portion  of  the  watery  vapour  will  be 
eondensed,  which  will  be  greater  in  proportion  as  the  temperature  is  below  212o. 
The  annexed  figure  represents  Solimani's  still,  as  improved  by  Curadau.  a  is 
the  door  of  the  furnace;  b  the  ash-pit;  e  the  boiler,  with  a  large  cylindrical 
head  d;  €  the  exit  tube  for  the  vapours,  connected  by  a  union  joint  to  the  worm 
/  in  the  tub  g.  This  tub  is  filled  with  water,  which  is  to  be  maintained  at  a 
temperature  depending  upon  the  strene^th  of  the  spirit  reouired,  and  the  spirituous 
viqwur  that  passes  upwards  through  the  worm /along  the  tube  A,  dien  descends 
through  the  worm  f  t  surrounded  with  wine,  in  the  vessel  A,  where  it  becomes 
condensed.  The  liquid  spirit  then  runs  through  another  *irorm  I,  surrounded  bv 
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cold  water,  wbich  completely  cbols  it  before  it  is  discharged  by  the  pipe  n  into 
the  recipient  o.  To  prevent  the  water  in  the  tub  g  from  becoming  too  hot  by 
the  paaaage  of  the  heated  yapoun  through  the  worm/  and  to  preserve  it  at  an 
even  temperature,  cold  water  from  aa  elevated  dstem  is  introduced  at  the 


bottom  by  a  pine/?,  the  quantity  being  regulated  by  a  stop-^ock;  and  the  wine 
which  surrounds  the  worm  i  i  in  the  tub  k  is  supplied  from  a  vessel  above,  b^ 
means  of  the  pipe  q.  This  wine  in  the  course  of  distillation  grows  hot :  it  is 
therefore  used  to  charge  the  still  as  often  as  the  former  charge  is  worked  ofi) 
and  the  spent  wine  drawn  off  by  the  cock  t;  and  as  it  is  economical  to  take  off 
the  hottest  portion,  the  cock  q  is  opened,  when  the  cold  wine  from  the  cistern 
above  enters  at  the  bottom  of  k,  and  forces  the  upper  or  heated  portion  alone 
the  pipe  u  into  the  boiler  of  the  stiH  The  spirituous  vapours  formed  in  the  tub 
k  are  conducted  by  the  head  r  and  the  curved  neck  s  into  the  worm/  where  it 
takes  the  course  of  the  vapours  which  proceed  from  the  still.  The  tub  m  is 
kept  as  cold  as  possible  by  an  ingenious  contrivance  of  M.  Curadau.  A  number 
of  spiral  pipes  surround  the  tub  on  the  inside,  the  ends  of  only  two  of  which 
are  shewn  in  the  figure  to  avoid  confusion.  Now,  as  the  upper  part  of  the  tub 
is  always  the  warmest,  a  current  of  air  is  produced  in  these  pipes,  which  serves 
to  cool  the  water  in  which  they  are  placed.  The  worm  /  being  surrounded 
with  a  medium  of  about  180<>  Fahr.  returns  to  the  still  the  greater  portion  of 
the  watery  part  of  the  vapours,  so  that  by  this  apparatus  spirits  of  great  strength 
may  be  obtained  at  a  single  operation. 

JSerarits  Improved  StiS,  This  invention  consisted  in  the  application  of  a  lofty 
neck  and  head  to  the  body  of  a  common  still,  which,  being  exposed  to  the 
cooline  influence  of  the  air,  a  considerable  condensation  took  p&ce  in  those 
parts,  but  the  liquor  thus  re-formed  was  not  permitted  to  run  back  immediately 
mto  the  boiler,  but  to  fall  upon  partitions  with  raised  ledges,  so  that  the  ascending 
vapour  had  to  traverse  over  the  successive  layers  of  fluid  in  the  partitions,  and 
became  for  the  most  part  condensed  in  its  passage,  only  the  strongest  or  purest 
spirit  passing  beyond  the  head. 

Instead  of  a  more  particular  description  of  Berard's  method,  we  shall  proceed 
to  the  notice  of  Mr.  Derome's  still,  in  which  the  method  is  introduced  with 
considerable  improvements.    This  apparatus  consists  of  seven  vessels  or  parts, 


vMbmiBg  Kpmte  offlcu :  namely,  a  boiler  A ;  a  diitilling  column 
netifie«tor  CC;   s  condenier  I  Q;   a  tehigeTatot p ;   and  a  reierro 


„.~Ji  the  tapply  from  uiolher  veuel  U  u  regulated.     It  ii  conridered  pr 
able  to  bava  two  c^>pen  like  that  at  A,  let  in  the  maaonry  doie  to  ea^  ol 


coppeia,  tlifl  fint  b;  a  pipe  proceeding  from  tbs  bottam  of  A  lo  the  upper  part 
ttOtm  other;  the  lecond  by  another  pipe  nsing  from  the  top  of  the  latter,  (not 
wpwaented)  and  deacending  through  the  top  of  A  to  the  bottom  of  the  v 


o  cany  >D  the  vapour  generated  underneath  the  liquid  therein.  At  a  A  ia  a 
risH  tube  to  ahoiT  the  exact  height  of  the  liquid  in  the  copper.  The  interior  of 
Ote  diatilleij  column,  B  C  where  the  separation  of  the  alcohol  takes  place,  ii  fUIl 
of  ibelvea  perforated  with  tmall  holes,  through  which  the  vapour  from  A  ncces- 
wrily  paiaea  aa  it  ascends,  and  comes  in  contact  with  the  wine  or  liquid  to  be 
diitjllea,  that  pasae*  through  the  aame  apertures;  both  the  irine  and  the  spirit 
are  tbus  retarded  in  their  progress,  and  become  intimately  mixed.  The  small 
tube  e  rf  ia  of  glass,  to  show  the  state  of  the  proceaa  going  forward  in  the  rec- 
tificator  C  C,  which  is  only  an  extension  upwards  of  the  column  beneath, 
eontainbg  simitar  peiforated  sbelyes,  and  provided  with  a  glass  lube  e/  to 
■bow  the  state  of  the  process  in  this  part.  The  vapotw  rising  to  the  top  ef  ths 
reetiScator  passes  out  throuch  the  neck  H  into  a  long  worm,  coiled  horizontally 
B  the  oondenier  I  Q,  whicn  is  a  copper  cylinder.    This  reaael  contain*  wine 
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that  becomes  heated  by  paning  through  the  worm.  To  collect  the  apirit  that 
becomes  condensed  in  the  worm,  the  lower  side  of  each  coil  has  an  opening 
into  a  short  tube,  of  which  there  are  as  many  as  there  are  coils  to  the  worm. 
To  these  tubes  there  are  cocks,  to  draw  ofl^  as  may  be  required,  the  products  of 
any  or  all  of  them  (the  most  distant  from  the  rectificator  being  of  course  the 
strongest  snirit,)  either  into  the  refrigeratory,  by  the  upper  long  inclined  tube 
representea,  or  by  the  lower  one  back  again  into  the  rectificator  for  a  second 
rectification.  The  condenser  is  divided  into  two  chambers,  by  a  partition  o, 
with  a  communication  between  them  at  the  lower  part ;  there  are  also  three 
manholes  closed  by  lids  M  N  O  in  the  condenser,  for  the  convenience  of  having 
it  cleaned ;  and  it  has  a  cock  F  to  draw  off  its  contents.  The  wine  is  conrtantly 
supplied  to  the  condenser  by  the  pipe  K  L,  and  as  constantly  flows  off  by  the 
tuoe  D  £.  p  constitutes  the  refrigeratory  or  cooler,  and  is  also  a  copper 
cylinder  containing  a  worm,  that  receives  the  condensed  vapours  through  the 
pipe  /  m,  and  delivers  the  cooled  product  through  the  opening  V.  The  cooler 
IS  constantly  supplied  with  cold  wme  by  the  pipe  R,  which  enters  at  the  bottom 
of  the  vessel,  and  the  wine  passes  off  at  the  top  of  the  vessel  by  the  pipe  K  L 
into  the  condenser  I  Q.  w  is  a  cock,  to  empty  the  cooler ;  S  is  Uie  reservoir 
which  contains  the  wine;  it  has  a  cock  p^  by  the  opening  of  which  the  quantity 
of  wine  to  be  supplied  to  the  apparatus  is  reflated ;  and  in  order  £at  this 
may  be  equal,  the  uquid  is  kept  at  a  uniform  height  by  means  of  a  ball  cock  q  T, 
the  pipe  to  which  is  connectea  with  the  prindpu  reservoir,  which,  for  example, 
mav  be  the  vessel  U. 

Afode  of  ccndueUng  the  operation.  The  cock  p  being  opened,  the  wine  from 
U  passes  through  all  the  vessels  into  the  two  coppers,  to  the  desired  height, 
which  is  ascertained  by  the  two  glass  gauges.  The  distilling  column  is  charged 
with  as  much  wine  as  will  prevent  a  free  passage  of  the  vapour ;  and  when  the 
condenser  and  cooler  are  full,  the  entrance  of  more  wine  is  stopped,  and  the 
communication  is  not  re-established  by  the  cock  p  until  the  wine  m  the  coppers 
has  parted  with  its  alcohol,  and  the  liquid  in  the  condenser  is  hot  enough  to  be 
introduced  into  the  distilling  column.  After  this,  a  small  stream,  proportioned 
to  the  size  of  the  apparatus  and  the  rapidity  of  the  work,  is  kept  constantly 
running  from  S,  and  then  begins  what  is  termed  the  continued  process,  all  the 
previous  work  being  only  preparatory.  After  this,  the  supply  of  the  vessels 
with  wine,  the  evaporation,  condensation,  and  cooling,  go  on  independently, 
requiring  only  attention  to  the  fire. 

nhUer's  Patent  Distilling  Apparatus  consists  of  two  vessels  of  a  peculiar 
construction,  which  may  be  applied  to  stills  of  every  form ;  and  will  enable  the 
distiller  to  extract  the  whole  of^the  spirit  contained  in  the  wash  at  one  operation, 
instead  of  the  repeated  distillations  necessary  in  the  usual  mode.  These  two 
vessels  contain  condensers,  which,  as  in  Sohmani's  apparatus,  are  surrounded 
by  a  fluid  maintained  at  such  temperatures,  as  to  conaense  any  desired  portion 
of  the  aqueous  parts  of  the  vapour  from  the  still  before  it  enters  the  refrigerator. 
The  apparatus  is  shown  in  the  annexed  Fig.  1.  A  is  a  tube  by  which  the  vapours 
enter  from  the  still  into  the  first  receiver  B ;  C  a  conical  surface  or  plate ;  D 
the  principal  vapour  tube,  which  being  closed  at  the  top,  the  vapours  descend 
by  tne  small  tubes  G  into  the  chamoer  F.  These  small  tubes  are  placed  all 
around  the  principal  tube,  which  are  inserted  in  the  holes  shown  in  the  engraving 
just  above  D.  The  apparatus  is  surroimded  with  water  heated  to  170o,  and  is 
contained  in  the  tub  or  bath  T,  shown  in  section ;  and  as  the  vapours  contained 
in  the  tubes  are,  by  this  arrangement,  separated  into  small  portions,  a  rapid 
condensation  of  the  aqueous  parts  takes  place.  A  number  of  bent  tubes,  as  at 
H,  are  fixed  in  the  annular  plate,  which  covers  the  receiver  at  B  with  their 
upper  ends,  a  little  above  the  surface,  which  serve  to  carry  off  the  condensed 
liquid  back  into  the  receiver  B.  The  vapour  improved  in  its  spirittiosity,  is 
then  collected  in  the  chamber  F,  and  passes  from  tnence  by  the  tuoe  I  into  the 
second  receiver  K.  The  top  plate  of  this  receiver  K,  as  well  as  the  bottom 
plate  of  the  third  receiver  N,  nave  a  number  of  openings  or  apertures  forming 
concentric  circles,  as  at  L  L,  Fig.  2,  in  the  plan  of  the  apparatus,  which  we  also 
annex.  Into  each  of  these  anniuar  apertures  L  L  are  fixed  two  copper  cylinders, 


BDs  within  the  other,  (uid  only  a  quEuter  of  an  inch  apart;  anil  ai  there  n: 
Tcnir  such  aperturei,  there  are  coutequentl^  eight  cytinden,  or  four  pain  in  '' 
•l^antui,  whic}i  are  exhibited  in  aection  in  the  annezed  Fig.  I.  at  M  M. 


'^r~r7rrT~  r ,  T  r,j'  t     xjj  iziixIlxtiiC 


are  tabei  which  pau  through  the 

cylinders;  umilat  [uIka  are  passed  through  the 

the  water  is  diStised .    ^  .> 


•,y  water  between  the 

N,  by  which  means 

ided  surface  of  the  apparatus, 


etfectiiig  thereby  almost  as  rapid  a  condensation  of  the  aqueous  portion  of  Iho 
vapour,  M  if  the  water  were  m  actual  contact  with  it.     The  vapoun  fitini  lh« 
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lower  receiver  K  aaeend,  u  before  mmtioned,  tlinmgh  the  ubitdw  tpactt 
betv«ea  the  ejlinden  into  the  upper  receJTer  N,  in  •  high  itate  of  pmi^  and 
itrength.  From  Ihii  iHt  hold  it  proceed*  into  Uie  worm  by  the  tube  P,  whsre 
it  is  instantly  condensed  by  the  refriferating  effect  of  the  cold  irater,  by  which 
this  part  of  a  distillatory  apparatus  it  always  surrounded.  The  water  contained 
in  the  second  bath  T,  shewn  m  section,  ii  heated  to  140>  (or  letii,  as  the  strength  of 
the  spirit  may  require,)  that  being  a  temperature  at  which  the  Tapoar  of  water, 
as  well  B»  tliat  from  the  empyreumatic  oils,  cannot  exisL  This  apparatus  is  stated 
to  be  BO  effective,  that  in  an  experiment  made  at  an  eminent  distillery  in  London, 
in  the  presence  of  several  experienced  distillen,  "  feint*  80  per  cent,  under  proof 
were  pat  into  the  atill,  and  came  out  at  one  operation  at  5i  per  cenL  over  proof." 
Grimble'i  Patent  DulUlmg  ApparatBi  consists  of  a  lerie*  of  very  small 
tubes,  fitted  to  the  mouth  of  an  ordinary  ttill,  the  upper  ends  being  received 


1'- 


whilst  ihc  ccndeused  p 
panying  engraving,  y 


e  A  is  the  still ;  B  Ihe  bottom  box  of  the  apparatus, 
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fittiiig  on  the  still ;  bb  &  plate  of  copper,  fitting  on  the  box  B ;  cficaee  open 
tubes*  through  which  the  vapour  ascends  into  me  top  box  D,  where  the  sepa- 
ration  of  the  aqueous  vapour  takes  place  from  the  spirits ;  the  tubes  ccc  project 
through  the  bottom  plate  of  the  box  D,  so  that  the  oily  and  aqueous  matters 
are  not  allowed  to  return  by  the  small  tubei,  which  would  impede  the  vapour 
issuing  from  the  still,  but  run  back  into  the  still  by  the  larger  comer  tubes  d  <^ 
which  are  on  a  level  with  the  bottom  plate  at  €  €.  The  lower  ends  of  these 
tubes  are  turned  up  syphon-wise,  to  prevent  the  ascent  of  the  vapour  from  the 
stiU.  c  c  is  a  stay  plate  for  the  tubes ;  in  the  box  B  is  a  range  of  tubes  g  Q  g^ 
through  which  a  current  of  cold  water  is  maintained  when  the  spirit  b  required 
▼eiy  strong,  (but  not  generally  used)  having  its  egress  and  exit  at  /  A.  F  is 
the  pipe  that  oonveys  the  spirituous  vapour  into  the  worm,  and  a  thermometer 
at  £  serves  to  regulate  the  operations.  We  understand  that  an  apparatus  of 
this  description  n  or  was  in  use  at  Messrs.  Booth  and  Co.'s  distillery,  but  do 
not  knew  how  far  It  answered  the  proposed  end. 

Ettau's  PaietU  DUtUimg  Apparatut*  The  object  of  this  invention  is  to 
effe€i,  a  more  equal  and  uniform  distribudon  of  heat  to  the  liquid  under  dis- 
tiOation,  than  is  obtained  in  stills  as  hitherto  constructed,  as  well  as  obtaining 
spirits  of  great  strength  at  a  single  operation.  As  the  plan  is  totally  different 
from  any  of  ^  preceding  ones,  and  as  some  of  the  arrangements  evince  sreat 
ingenuity  on  the  part  of  the  inventor,  we  lay  it  before  the  reader,  witnout, 
however,  expressing  an  opinion  as  to  its  applicability  in  practice.  The  engraving 
represents  tne  whole  operation  at  one  view,  a  is  a  pipe  which  conveys  the 
wash  or  fermented  liquor  into  a  reservoir  b,  where  it  is  maintained  at  a  certain 
levd  by  the  ball  valve  c.  d  is  the  still,  which  is  a  revolving  copper  cylinder, 
with  ledges  fixed  in  horisontal  lines  against  the  inner  suxfiice,  to  increase  the 
agitation  of  the  wash  as  it  turns  upon  its  hollow  Bjosfg  ;  its  motion  is  derived 
from  the  spur-wheel  %  acting  upon  the  pinion  t  fixed  upon  its  hollow  axis ;  j 
is  the  rectifier;  this  is  formal  of  a  laree  pipe  of  uniform  bore,  coiled  up  into 
the  spiral  figure  exhibited,  with  the  ends  bent,  so  as  to  form  axes  for  rotation, 
on  one  of  which  a  pinion  k  (corresponding  to  that  at  Q  is  fixed ;  and  this 
pinioQ  b  acted  upon  ny  another  spur-wheel  Ion  the  same  shaft  as  the  other;  m 
IS  tiie  common  distiller's  refrigeratory ;  and  n  a  receiver  for  the  distilled  spirit 
The  tonne  represented  in  dotted  Imes,  is  intended  to  show  the  pNOsition  in 
whi^  ue  still  is  drawn  np  when  it  is  necessary  to  cleanse  it  For  this  purpose 
thcsie  is  at  o  a  unive^nsal  joint,  of  a  neculiar  construction,  which  enables  it  to  be 
eaa3y  done,  after  having  separatea  the  connecting  tubes  at  the  union  joint, 
repres^ted  contiguous  thereto.  The  rectifier  j  communicates  with  the  stOl 
tfarswh  Uie  hollow  axle  g,  and  with  the  refrigeratory  through  a  stufifing-box ; 
and  the  still  communicates  with  the  reservoir  by  means  of  a  syphon  passing 
thwmgh  the  hollow  axis  /  The  outward  part  of  the  syphon  has  two  unequfu 
limbs ;  tihe  short  one  is  inserted  in  the  reservoir  for  tne  purpose  of  charging 
the  stffl  with  wai^  and  the  long  limb  for  discharging  the  spent  liquor.  In 
or^  to  eham  the  still,  Uie  baU  of  the  valve  in  pressed  downward,  so  as  to 
raise  die  liquid  above  the  top  of  the  syphon ;  this  sets  the  sjrphon  in  action, 
and  isanses  it  to  fill  the  still  to  the  same  level  as  the  liquid  in  the  reservoir. 
Thai  prepared  the  fire  is  lighted,  and  a  slow  rotatory  motion  is  given  to  the 
stin  \tf  mind  or  any  oUier  convenient  first  mover,  applied  to  the  shaft  upon 
which  iha  spar*wheels  h  and  /  are  fixed.  The  continuous  motion  of  the  liquid 
wevcttts  die  formation  of  empvreuma,  however  fierce  the  fire  may  be ;  and  by 
the  agitation  of  the  liquid,  and  the  intensity  of  the  heat  applied,  a  rapid  pro- 
duction of  vapour  is  caused,  which  immediately  enters  the  hollow  axis^,  and 
pastes  into  the  coiled  worm  of  the  rectifier y.  it  is  here  necessary  to  observe, 
that  this  capacious  worm  revolves  in  the  direction  pointed  out  by  the  arrow : 
consequently  whatever  portion  of  the  vtmour  becomes  condensed  in  it,  runs  out 
at  every  revolution  back  through  the  hoUow  axis  g  into  the  still,  and  the  hollow 
axis^  is  for  this  purpose  made  taperinf  wider  towards  the  still,  so  as  to  give 
ihe  uqnid  a  descent  to  run  freely  mto  it  The  vessel  j  is,  therefore,  nroperiy 
termed  a  rectifier,  as  it  separates  the  wafer  from  the  diluted  alcohol  faiefore 
pawing  out  of  it  into  the  refrigeratory  m.     In  this  it  arrives  in  a  state  more  oi 


ten  concentrated,  Mcordins  to  the  temperature  nuint^ned  in  the  rectifier, 
which  ia  regiulated  u  usuJ  by  a  thenaomeler.  The  mint  miy  cofuequently  be 
drawn  at  one  operation  at  almost  any  de>ired  itrGagtL  An  intereitinK  feature 
in  these  new  arraugemeoti,  i*  the  mode  of  applying  the  lyphoa^  which  ii  con- 
itantly  tupplying  the  itill  with  frefh  wwh,  in  the  place  of  that  which  haa  been 


f  apoiirizetl ;  and  ihis  operation  ii  uniTonnly  continue  I  during  the 
the  vetael,  owing  to  its  paaung  through  a  tubular  asia.  The  lyphi 
manner  enablei  the  still  -     •      ■■    '  ......  .. 


be  discharged  without  stopping  the  machinery. 

sary  lo  recharge  the  still  with  the  fire  under  it,  a  thick  caat- 

eliding  plate  is  cirnwn  from  the  back,  bo  as  to  interpose  itself  between  the  fire 


0  recharge  the  still  with  the  fire  under  it,  a  thick 

J. wn  fnini  thebsck,  soaa  to  interpose  ittelf  between  th .^ 

and  the  atill,  and  thus  prevent  any  injuriotu  effects  to  the  content*  of  the  latter. 


Th*  btlowing  cngnving  reprMcnta  ma  apparatiu  whi.h  haa  been  prapoted 
for  dUtfllatiaa  bvineuiltf  steun  orheated  air,  acting  through  Ihe  medium  of  an 
extewn  metallTc  surtace  upon  a  thin  fihn  of  liqmd,  in  order  to  promote  »  speedy 
wapontioii  At  «  eomparativelj  low  temperature,  a  ii  a  tall  cylindiical  veiiel 
eanta^ing  tha  ftrmented  vaih  to  be  diimled,  which  ia  nippoied  to  be  auppUed 


regularly  by  a  pipe  Iroin  the  brewhoute.  By  turning  the  eock  in  the  p'pe  b, 
the  wain  flow*  upon  the  eiterior  nirfsre  of  the  conical  evaporator  c,  formed  of 
thin  copper-  The  liquid  ii  lirat  received  inta  t,  irnall  batin,  ntirounding  the  cone 
near  iti  apex,  having  numerous  imall  perforationi  at  the  bottom,  by  which 
means  the  liquid  ia  equally  diiTuied  in  a  thin  stratum  over  the  auifsce  nf  the 
coae  e.  d  i»  the  opening  into  the  cone  c,  by  which  the  heating  medium  is 
Admitted,  and  provided  with  a  valve  or  cock  for  regulatbg  (he  temperature ; 
and  the  heat  being  maintained  at  about  180°  but  a  inudl  portion  of  aqueoua 
vapour  would  rise  with  the  spirituous,  and  the  ipirit  would  thus  be  separated 
■t  the  commencement  of  the  process  from  thote  matter*  which  uanally  con- 
^^)^^^i».^»  BpiHu  of  home  mMiuiacture.    That  portion  of  tlM  waih  that  eacApa 
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evaporation  owing  to  the  low  lieaft,  (and  which  would  oontkt  chiefly  of  water 
and  extractive  matter,)  witt  run  off  at  the  bottom  of  the  cone  hy  a  circular 
gutter,  and  from  thence  pass  out  by  an  aperture  or  pipe,  at  at  «,  while  tiie 
more  spirituous  rises  between  the  inner  cone  e  and  the  outer  cone  ff,  enters 
the  neck  g,  and  from  thence  proceeding  through  the  spiral  worm,  shown  in 
tiie  wash  vat  a,  is  received  into  the  recipient  A,  partiy  in  the  form  of  vapour, 
and  partiy  in  the  liquid  state ;  havingr  in  its  passage  through  the  worm  com- 
mumcated  so  laige  a  portion  of  its  neat  to  the  wash  in  which  the  worm  ia 
immersed,  tiiat  a  slight  additional  heat  will  be  sufficient  to  separate  its  alooholio 
constituents.  A  small  portion  of  strong  spirituous  vapour  will  coUect  in  the 
upper  part  of  the  vat  a,  which  may  he  conducted  off  by  the  tube  o  into  a  separate 
recipient  or  refrigeratory,  as  the  spirits  thus  produced  will  be  of  superior  purihr. 
The  more  volatile  portion  of  the  vapour  paaaes  onwards  through  tne  open  tube 
t  into  the  great  refrigeratory  k.  This  is  a  large  cylindrical  veesd  or  vat,  with  a 
strong  fialse  bottom  at  ^  into  which  are  soldered  a  great  number  of  small  this 
pipes  i  t  risine  vertically  and  open  at  both  ends,  the  upper  extremities  being 
soldered  into  the  bottom  plate  or  the  chamber  m.  The  portion  of  the  vat  above 
the  false  bottom  I  is  kept  filled  with  cold  water  by  a  service-pipe  inserted  at  the 
lower  part^  the  vapour,  therefore,  rising  up  through  the  pi]MS  I  <,  is  exposed 
very  much  subdiviaed  to  a  ver^  extended  metallic  surface^  surrounded  by  cold 
water,  by  which  its  caloric  will  be  ver^  rapidly  abstnioted ;  the  oondensed 
liquid  which  then  runs  back  down  the  pipes,  meets  with  the  risiitt  vapour  in 
its  progress,  and,  by  that  means,  condenses  a  fiurther  portion  at  antgher  tem- 
perature than  would  have  otherwise  been  accomplish^  which  is  the  dbject  of 
OBUsinff  the  vapour  to  proceed  upwards  instead  of  fiiiving  it  downwards,  as  in 
the  ordinary  practice.  By  these  arran^ments  it  is  expected  that  very  little 
vapour  will  reach  the  upper  chamber  m  if  the  water  is  not  allowed  to  get  above 
800 .  ^ut  if  the  supply  of  cold  water  should  be  insufficient  for  the  purpose,  the 
vapour  must  proceeo,  of  course,  from  the  tube  n  to  another  reft^eratoiy.  To  a 
bevelled  wheel  at  ^r  are  attached  two  long  bars,  or  scrapers  r  r,  the  edges  of 
which  scrape  or  brush  asainst  the  surface  of  the  cone  to  clear  it  of  sediment  or 
incrustrations,  which  will  then  foil  to  the  bottom ;  the  bars  are  connected  by  a 
ring  at  9 ;  such  an  apparatus  will  be  usefol  in  the  distillation  of  liquids  that 
contain  much  extractive  matter.  From  the  above  description  it  win  be  seen 
that  tiie  distillation  is  carried  on  without  intennission,  the  wash  being  admitted 
in  a  small  stream,  in  such  quantity  as  to  allow  the  alcoholic  portion  to  be 
evaporated  in  its  passa^  over  the  heated  surface  of  the  cone  c,  and  the  remain- 
ing portion  to  pass  off  m  a  stream  by  the  waste  pipe  at  e,  as  long  as  fermented 
wash  is  supplied  from  the  brewhouse.  It  has  been  stated,  though  we  know  not 
upon  what  authority,  that  it  has  been  found. difficult  to  separate  the  alcoholic 
from  the  aqueous  parts  of  fermented  liquors,  by  simphr  causing  them  to  flow 
over  a  heated  surnice;  and  that  preference  has  theniore  been  given  to  stOls 
constructed  upon  the  combined  principles  of  Adam  and  Solimani. 

We  have  already  mentioned  tne  pulp  of  potatoes  as  amongst  the  substances 
from  which  alcohol  maj  be  obtained ;  ana  the  manufacture  has  been  for  some  time 
past  carried  on  in  various  places  with  great  success.  The  apparatus  and  process 
which  we  are  now  about  to  describe,  are  both  of  foreign  invention,  and  were  intro- 
duced into  this  country  by  the  patentee,  M.  Saintmarc,  of  the  Belmont  Distillery^ 
Vauxhall.  The  potatoes  being  first  washed  clean,  are  taken  to  a  mill  and  ground 
into  pulp.  This  pulp  is  then  mixed  with  a  large  quantity  of  water,  which  tskea 
up  the  chief  part  of  the  contaminating  brown  colouring  matter,  and  it  is  then 
poured  tiirough  a  coarse  sieve,  which,  detaining  those  pieces  that  have  escaped 
the  mill  without  being  ground  into  jpulp,  they  are  rejected  as  ineligible  for  fer- 
mentation, and  applied  to  the  feedmg  of  pigs.  The  pulpy  liquid  thus  freed 
from  the  coarser  pieces,  runs  into  a  trough  containing  a  number  of  small  holes, 
and  lined  in  the  inside  with  a  linen  cloth  sufficiently  fine  to  prevent  the  floating 
particles  of  starch  from  passing  through ;  the  water  then  drains  through  the 
linen,  leaving  the  pulp  and  starch  to  settie  in  a  mass.  When  it  has  sufficientiy 
drained,  and  become  solid  and  compact  it  is  removed  from  thence  and  laid 
upon  a  plastered  floor,  which  rapidly  absoriw  a  great  portion  of  its  moisture. 


To  dry  it  Mitirely,  it  ii  ftfterwanli  placed  in  a  kiln  or  itove,  which  completM 
tlwt  part  of  die  proeets.  In  the  dry  itate  lh«  pulp  may  be  Icept  uninjured  foe 
v«ara,  and  mav  therebre  be  (tored  away  for  future  uie.  The  wet  pulp  being, 
bowevu*,  equally  eerviceable  for  imiaediate  fermentation,  there  ii  no  occanon  ta 
dry  it  if  (he  several  pioccMei  in  distillslioD  can  be  camed  forward  at  the  time. 


.  IT  broken  to  piece*, 
it  a,  with  sufficient  hot  water  to  bring  it  to  the  conuBtence 
of  cream.  The  venel  b,  lined  with  lead,  and  called  the  decomposing  Tcwel,  is 
then  to  be  lupplied  with  water  to  the  depth  of  about  six  iuchei ;  to  thia,  a  quantity 
at  Bulphurie  add  i«  to  be  added,  in  the  proportion  of  three  pounds  of  acid 
to  erery  hundred  pounds  of  dry  pulp ;  but  only  ten  pounds  of  the  acid  to 
ereiy  hundred  poundi  of  the  wet  pulp.  The  diluted  pulp  la  then  to  be  dis- 
ehai^ed  from  tne  vetsel  a,  through  the  cock  into  I,  containing  tlie  diluted 
add;  steam  is  tben  to  be  admiltea  from  a  boiler,  (not  shown  in  tbs  engrav- 
in^)  by  timing  the  cock  in  the  pipe  e,  which  descends  to  the  bottom  of  the 
Tend,  where  it  is  made  to  issue  from  a  steam-boz ;  the  heat  causes  the  mix-  ' 
tore  to  boil,  and,  after  four  or  five  hours'  ebnllitian,  the  decomposition  is  con- 
fidwed  complete.  Before,  however,  describing  the  nest  part  of  the  process,  we 
•hodld  notice  that  a  worm-tub  d,  supplied  with  water  from  a  serrice-pifie,  i 
placed  on  the  top  of  the  decomposing  venel;  the  vapours  from  the  boilii 
bqnid  beneath  e  ,  .  w 

tmir  caloric  to  the  surroundiiv  water ;  and  the  water  ihua  made  hot,  serves 
for  replenishing  the  vat  a  with  fresh  portion*  from  time  to  time,  as  it  may  be  re- 
quired,  by  means  of  a  connecting  tube/fiirmshed  with  a  stop-cock.  The  conten* 
is  the  vessel  b,  after  decomposition,  are  diachai^ed  into  the  saturating  vessel  j, 
and,  during  the  time  that  it  is  running,  a  quantity  of  lime,  or  chalk,  in  solution, 
msy  be  poured  in  among  it  as  long  as  any  eServescence  continues,  which  will 


boiling 


vary  according  to  the  degree  of  acmeentration  of  the  aoid ;  but,  in  general,  three 
poimda  of  chalk,  or  lime,  will  be  bund  sufficient  to  saturate  each  pound  at  aul- 
pfaartc  add  emidoyed  in  the  preceding  pwt  of  the  pnce**.    The  liquid  in  the 


haviiis  now  become 
nt  i,  plaoM  bematfa,  Iccving 


tranrparent,  it  it  to 
ing  the  precipitated 
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at  the  bottom  while  the  clear  liquor  is  running.  The  diichaige  eock  bdog 
closed,  the  sediment  may  be  stirred  up  with  a  quantity  of  water,  to  take  up 
whatever  saccharine  or  fermentable  matter  it  may  contain  ;  this  should  be 
allowed  to  subside  again,  and  the  clear  liquor  then  to  be  added  to  the  former  in 
the  vat  beneath.  To  promote  the  fermentation,  a  quantity  of  yeast  is  now  to 
be  added  to  the  liquid,  in  the  proportion  of  three  pounds  to  every  hundred 
pounds  of  potatoe  pulp.  During  the  fermentation,  which  usually  occupies  from 
mteen  to  twenty  days,  the  temperature  of  the  liquid  should  be  preserved  at 
firom  90^  to  lOQo  Fahr.,  and  the  atmosphere  of  the  room  where  it  is  conducted, 
at  from  80<>  to  85o,  The  patentee  having  discovered  that  the  introduction  of 
hydrogen  gas  facilitates  the  fermentative  process,  besides  increasing  and 
improving  the  product,  further  directs  that  the  vat  should  be  furnished  with  a 
tube  t,  along  which  the  gas  is  to  be  forced,  by  means  of  a  pump,  into  the 
liquid.  The  tube,  after  descending  to  the  bottom  of  the  vessel,  takes  a  hori- 
zontal serpentine  course;  in  this  part  it  is  perforated  with  numerous  small 
holes,  through  which  the  gas  escapes  and  bubbles  up  through  the  liquid.  Tliis 
injecUon  of  the  gas  should  be  continued  until  the  carbonic  acid  gas,  in  the 
upper  part  of  the  vat,  contains  an  excess  of  the  hydrogen.  l*he  patentee  is  of 
opmion  that  the  introduction  of  hydrogen  gas  may  be  very  aavantageously 
used,  not  only  in  this  process,  but  in  the  fermentation  of  all  matters  from 
which  spirit  or  alcohol  is  to  be  extracted.  When  the  vinous  fermentation  has 
ceased,  the  liquor  is  to  be  drawn  off  through  the  tube  into  the  still  k.  This 
still  is  of  the  ordinary  construction,  except  that  instead  of  having  a  large  head, 
or  capital,  it  lias  a  long  neck  rising  perpendicularly  from  the  body,  the  object 
of  which  is,  that  the  aqueous  part  of  tne  vapours  mav  be  condensed  before 
entering  the  inclined  part,  and  fall  back  into  the  still,  while  the  more  volatile 


then  taken  to  another  called  the  low  wine-still,  a  section  of  which  is  shewn  in 
the  accompanying  engraving. 


m  is  the  body  of  the  still  fixed  in  brick-work  over  a  furnace ;  a  long  perpen- 
dicular neck  proceeds  from  this  as  in  the  wash-still,  the  object  of  which  is,  that 
the  aqueous  part  of  the  vapour  may  be  condensed  as  it  ascends,  and  fall  back 
again  into  the  still,  while  the  more  volatile  and  spirituous  passes  on  through 
the  tube  n  to  the  bottom  of  the  vessel  o.  This  last-mentioned  vessel  has  a  tub 
of  cold  water  placed  on  the  top  of  it,  which  is  kept  supplied  by  the  service - 
pipe  Pf  and  as  the  tube  n  passes  through  this  tub,  the  greater  part  of  the  vapour 
at  first  condenses  and  is  received  into  the  vessel  o  in  a  liquid  form  ;  but  as  the 
vapour  is  continually  coming  over  from  the  still,  the  condensed  liquor  is  at 
length  made  to  boil :  the  vapour  filling  the  upper  part  of  the  vessel,  from  thence 
passes  up  the  tube  r  into  the  long  cyhndricat  vessel «,  which  is  partly  immersed 
m  a  long  cistern  constantly  supplied  with  cold  water  by  the  usual  means.    The 
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eyUttdiical  vessel  s  is  divided  by  five  vertical  partitions  into  six  compartments, 
mit  having  a  communication  from  one  to  the  other  by  means  of  bent  tubes  pro- 
ceeding from  the  upper  part  of  the  first  compartment,  to  the  lower  part  of^the 
second ;  and,  in  the  same  manner,  from  the  second  to  the  third,  the  third  to 
the  fourth,  and  so  on.  It  will  now  be  readily  seen  that  the  most  aqueous  part 
of  the  vapour  will  be  condensed  in  the  first  compartment,  while  the  more  vola 
tile  passes  to  the  second,  where  another  portion  of  the  vapour  assumes  a  liquid 
form  ;  the  more  volatile  still  will  proceedT  to  the  third,  and  thence  to  the  fourth, 
fifth,  and  sixth,  according  as  the  spnrit  is  more  or  less  divested  of  aqueous  particles, 
an  depending,  of  course,  upon  tne  degree  of  heat  employed  in  the  furnace  for 
raising  the  vapour  in  the  still  m,  and  upon  the  de^ee  of  coldness  of  the  water 
surrounding  the  condensing  vessels.  To  ensure,  however,  the  condensation  of 
all  Uie  vapour,  a  tube  g  proceeds  from  the  upper  part  of  the  sixth  compart- 
ment, rises  to  a  considerable  height,  then  takes  a  horizontal  course,  and, 
finally,  descends  into  a  spiral  worm  placed  in  a  tub  of  cold  water,  where, 
making  a  long  circuitous  passage,  it  is  delivered  from  the  bottom  into  a  receiver 
in  so  concentrated  a  form,  as  to  be  nearly  in  the  state  of  pure  alcohol.  At 
the  bottom  of  the  cylindrical  vessel  #,  a  separate  short  pipe,  with  a  cock,  pro- 
ceeds from  each  compartment,  leading  into  the  long  pipe  u,  which  being  also 
furnished  with  a  cock  at  either  end,  the  spirit  contained  in  any  compartment 
may  be  drawn  ofi*  distinctly ;  the  contents  of  any,  or  all  of  the  pipes,  may  like- 
wise be  drawn  off  by  the  pipe  u  into  the  vessel  o  for  redistillation ;  and  the 
vessel  0  may  be  discharged  back  into  the  still  when  desired,  bv  the  pipe  v 
having  a  cock  for  that  purpose.  Although  this  apparatus  is  well  aaapted  for  its 
intended  purpose,  and  is  new  in  this  country  (where  the  vexatious  nature  of  the 
excise  laws  preclude,  in  a  great  measure,  any  improvements  in  the  art  of 
distillation)  we  must  observe  that  littie  invention  has  been  displayed  on  the  part 
of  the  patentee,  as  almost  every  part  of  it  is  copied  from  apparatus  long  smce 
invented,  and  in  use  in  France.  For  a  further  account  of  distillatory  appa- 
ratus, we  refer  our  readers  to  the  article  Distillation,  under  which  head  will 
be  found  a  description  of  a  great  variety  of  stills  and  apparatus  connected  there- 
with, which  the  length  to  which  we  have  extended  the  present  article  prevents 
our  noticing  in  this  place. 

When,  by  repeated  distillation,  the  alcoholic  mixture  is  brought  to  a  certain 
degree  of  concentration,  the  affinity  of  the  alcohol  for  the  water  with  which  it 
is  still  combined,  aided  by  the  great  excess  in  the  proportion  of  the  alcohol  to  the 
water,  becomes  so  great,  that  no  further  separation  of  the  constituent  parts  of 
the  mixture  can  be  effected  by  distillation.  Alcohol  being  much  lighter  than 
water,  its  spec.  grav.  is  used  as  a  test  of  its  purity.  Fourcroy  considered  it  as 
rectified  to  the  highest  point  when  its  spec.  grav.  was  829,  that  of  water  being 
1000 ;  and  this  is,  perhaps,  nearly  as  far  as  it  can  be  carried  by  mere  distif 
lation.  Alcohol,  however,  is  not  in  this  state  pure  (nor,  indeed,  is  any  process 
known  by  which  it  may  be  rendered  anhydrous,  or  perfectiy  free  from  water) ; 
but  it  may  be  freed  from  a  further  portion  of  water  by  means  of  an  alkaline 
■alt.  For  this  purpose,  muriate  of  soda  (common  salt),  may  be  advantageously 
employed,  by  first  depriving  it  of  its  water  of  crystallization  by  heat,  and 
adding  it  hot  to  the  spirit  ft  is,  however,  considered  preferable  to  employ  the 
sab-carbonate  of  potash.  About  a  third  part  of  the  weight  of  the  alcohol 
should  be  added  to  it  in  a  glass  vessel,  be  well  shaken,  and  then  allowed  to 
subside.  The  salt  will  be  found  to  have  absorbed  water  from  the  alcohol, 
which  beine  decanted,  more  of  the  salt  is  to  be  added,  and  the  process  con- 
tinued until  the  salt  falls  dry  at  the  bottom  of  the  vessel.  The  alcohol  must 
now  be  subjected  to  final  distfllation  in  a  water-bath,  to  deprive  it  of  the  red 
tint  derived  from  the  potash,  as  well  as  to  free  it  fh>m  the  alkali  held  in  solu- 
tion. A  most  important  improvement  upon  this  method  of  rectification  has 
been  invented  by  a  French  chemist  It  consists  in  placing  a  quantity  of  dry 
muriate  of  lime,  or  other  deliquescent  salt,  in  a  large  shallow-covered  vessel ; 
in  this  is  placed  another  vessel  of  smaller  dimensions,  and  resting  upon  the 
bottom  on  short  legs,  and  containing  the  diluted  spirit  (brandy  for  instance)  to 
be  concentrated;  the  outer,  or  larger  vessel,  is  then  covered  down,  and  properlv 
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luted,  to  prevent  the  esoApe  of  the  tpirit  A  teries  of  double  Teneli  aM 
arranged  beneath  Uie  former,  charged  with  the  deliqueicent  salt  only;  and 
pipes  of  communication  lead  from  one  to  the  other,  and  are  fumiahed  with 
ttop  cocks.  These  arrangements,  as  well  as  the  process,  will  be  perfectly  well 
understood  upon  reference  to  the  anneiced  diaffram.    a  is  the  Teiiel  eontaining 

the  deliquescent  salt;    b,   that  containing  Uie  i ^  ■ 

dilute  spirit ;  the  cover  of  a  being  well  dosra  and  [   g'\.,         ^  jj      \ 

luted,  it  is  left  for  several  days  to  attract  the  Jr*"     '  '——J 

water  from  the  spirit;  and  when  the  former  is  Tl^ 

supposed  to  be  nilly  saturated  with   aqueous      ;y\''  y      I 

particles,  the  spirit  in  b  (considerably  improved  J^*"     ' 

m  strengdi)  ia  drawn  off  into  d  by  turning  the t 

cock  c.    This  second  vessel  being  also  provided  |       A  \  1 

with  a  stratum  of  muriate  of  lime,  the  proceM  of  I  ^  >■■!         ,  ^      I 

concentration  recommences  by  a  fiurther  abstrac-  ^"^U 
tion  of  the  water  contained  in  the  spirit   In  like 


manner  the  spirit  may  be  successively  operated  |/^  _  _  ^J      \ 

upon  by  the  salts  contained  in  the  vesseb  e  and 

/,  and,  if  required,  hj  an  additional  number  of  vessels,  until  alcohol  of  the 
greatest  purity  is  obtamed.     As  each  vessel  is  successiveljr  emptied,  the  satu- 
rated salt  is  taken  away  and  replaced  with  a  fresh  quantity  or  dry  salt,  when 
it  is  ready  to  operate  upon  another  portion  of  spirit  let  on  from  above.    There 
is  another  method  by  which  the  strongest  alcohol  may  be  obtained,  although 
the  process,  as  usiutUy  conducted,  is  rather  dilatory.     It  has  been  ascertained 
that  bladder  is  impervious  to  alcohol,  although  pervious  to  water ;  so  that  if  a 
portion  of  alcohol  oe  confined  in  a  bladder,  ue  water  will  be  evaporated  in  the 
course  of  a  few  da^s,  whOst  the  alcohol  remains,  but  in  a  highly  concentrated 
state.    The  followmg  information  on  the  subject  is  extracted  from  Ferrusac's 
BuUetin,  Mai,  1828,  and,  we  doubt  not,  may  1>e  turned  to  practical  advantage. 
M.  Soemmering,  in  a  memoir  to  the  Academy  of  Sciences  at  Munich,  states 
that  alcohol  in  a  vessel  covered  with  a  bladder,  the  latter  not  being  in  contact 
with  the  fluid,  loses,  when  exposed  to  a  dry  atmosphere,  much  of  iti  water,  and 
becomes  stronger ;  but  if  the  vessel  thus  closed  be  exposed  to  a  damp  air,  the 
alcohol  attracts  humidity  and  becomes  weaker.   In  a  second  memoir  tne  author 
states  more  particularly  the  effect  of  bringing  alcohol  into  more  immediate  con- 
tact with  the  membrane.     If  a  bladder  be  nlled  with  16  oa.  of  alcohol  at  75^, 
and  be  well  closed  and  suspended  over  a  sand  bath,  or  placed  near  a  warm 
stove,  so  as  to  remain  at  the  distance  of  more  than  an  inch  frt>m  the  hot  surface, 
it  becomes  in  a  few  days  reduced  to  ^  fourth  of  its  volume,  and  is  nearly  or 
quite  anhydrous.    M.  Soemmering  prepares  for  this  purpose  calves'  or  beeves' 
bladders,  by  steepine  them  first  in  water,  washing,  inflating,  and  cleansing 
them  ftt>m  j^ease  and  other  extraneous  matters,  tying  the  ureters  carefully,  and 
then  retumm^  them  to  the  water  to  clear  off  more  fully  the  interior  mucosity. 
After  having  mflated  and  dried  the  bladders,  M.  Soemmering  covers  them  with 
a  solution   of  ictliyocolla,  one  coating  internally  and  two  externally.     The 
bladders  thus  become  firmer,  and  the  concentration  succeeds  better.  It  is  better 
not  to  flU  the  bladder  entirely,  but  to  leave  a  small  space  empty.    The  bladder 
is  not  moist  to  the  touch,  ana  gives  out  no  odour  of  alcohoL     If  the  latter  be 
below  Iflo  Baum^,  the  bladder  then  softens  a  little,  and  appears  moist  to  the 
touch.    Bladders  prepared  as  above  may  be  employed  more  than  a  hundred 
times,  although  they  at  length  acquire  a  yellowish  brown  colour,  and  become  a 
little  wrinkled  and  leathery.    The  swimming  bladder  of  the  salmon  is  not  fit 
for  these  experiments.    Alcohol  of  729  was  put  into  one  of  them,  and  after  an 
exposure  of  thirty*two  hours,  it  had  lost  more  than  one-third  of  its  volume,  and 
was  weakened  12^ :  the  alcoholic  vapour  was  perceived  by  the  tmeU,    Of  two 
bladders  of  equal  sixe,  into  one  was  put  8  ox.  of  water,  and  into  the  other  8  ox. 
of  alcohol.    They  were  placed  side  by  side  exposed  to  a  slight  heat    In  four 
days  the  water  had  entirely  disappeared,  whilst  the  alcohol  &d  soarcely  lost  an 
ounce  of  its  weight.    Mineral  waters,  and  the  water  of  wells,  evaporate  and 
deposit  on  the  interior  of  bladders  the  saline  particles  which  they  contain.    If 


ax  to  twelve  honn.  Solar  heM  ii  even  nifficient  U)  procure  ai 
Wiae  |daced  in  prepared  bUdden  cootracU  no  bad  odour;  it  anumet  a  deeper 
eolonr,  aoquirea  more  Broina  and  a  milder  tatle,  and  becoroei  genenlly  itraiiger, 
Spiriti  of  turpentine  of  75°  contained  in  a  glan  veani  doaed  with  a  bladder, 
Icat  nothing  in  (our  yean.  Concentrated  vinegar  loit  the  half  of  ita  volnme  in 
ftor  montlii ;  the  ouier  half  acquired  more  conuilency,  and  had  no  longer  an 
acid  taate.  The  water  of  orange  Aotrera  wu  about  one-thiid  evaporated  in  ■ 
few  months,  appeared  to  have  a  itronger  odour,  and,  eontequently,  had  lott 
nothing  of  ita  rtuatile  principle.  Theae  ezperinteota  of  M.  Soemmering  dearly 
Mrtabliahing  the  &Gt  that  bladder  ij  impervioue  to  alcohol,  we  have  no  doubt 
that  ra  account  of  the  little  heat  iiiii  raaaij  to  effect  thii  rectification,  it  may 
be  one  of  great  economy,  if  an  apparatui  can  be  devUed  for  conduetiug 
the  proaese  ezhnuively  and  with  little  labour.  For  this  purpoae  we  would 
■Dg^tt  (hat,  instead  al  the  ordinan  animal  bladder,  the  OBaaphagiu  of  osen 
■hoald  be  employed,  aa  exposing  a  lairer  surface  to  ^e  air,  and  as  more  con- 
venient for  fixing  into  a  suitable  &ammg,  which  might  be  placed  in  a  heated 
apartment  or,  in  worm  climates,  to  the  heat  of  the  sun.  SiKh  an  airangement 
u  shewn  in  the  Gdlowing  diagram,   a  a  are  the  CBaophagua  hladdets,  diateoded 


between  a  framing  b  b  and  c  e,  which  is  exhibited  as  broken  away  towards  the 
middle,  to  ihow  that  it  may  be  made  of  any  convenient  length  or  width.  The 
bars  d  d  connect  the  upper  and  lower  pieces,  and  carry  the  pivot*  or  asle* 
which  turn  in  the  crou  oeams  or  supports  t  e,  shewn  in  section.  The  upper 
side  of  the  frame  t  b  represents  a  sqillu^  or  round  lube,  in  which  are  made  cir- 
cular aperture*  for  the  reception  of^  the  upper  ends  of  the  bladdeta  a  a,  kept 
open  and  distended  bv  wooden  rings,  and  properly  secured  by  cement  l^e 
lows  end*  of  the  bladders  pass  throusb  similar  aperture*  in  the  bottom  mil, 
where  tixej  aie  cemented  and  kept  doaed  up  and  secured  from  injury  by  a 
board  ssewed  over  them  into  the  rail  t  e.  We  will  now  suppose  that  Mty  (or 
any  otlier  number)  of  such  bladden  are  fixed  to  a  frame,  and  charged  with 
dihited  spirit,  by  mean*  of  a  bose  end  noule  conneoted  to  the  cock  /;  that 
donev  the  cook  /is  to  be  closed.  In  the  same  manner  1st  all  the  other  frame* 
in  llie  apartment  or  manufacl<:Ty  be  charsed,  of  which  there  may  be  any  number. 
Id  100  founes  2000  or  3000  gallon*  might  be  suspended.  The  whole  should 
then  be  submitted  to  a  moderate  heat,  as  of  the  *un,  or  a  itove,  &c  When  it 
ia  fbond  that  the  B|Hrit  has  parted  with  its  a^ueou*  fluid  in  any  of  the  framea, 
Ihsj  are  to  be  tamed  half  way  round  on  thMr  pivots,  by  which  the  upper  ude 


74  ALCOHOL. 

bh  becoMM  the  under,  and  the  cock  being  opened,  the  maeentnted  qiirit  nay 
be  diicharged  bj  meajia  of  a  hoae  into  niitabfe  recipienU.  Inetead  of  a  movable 
or  swinging  frame,  a  Bxed  one  might  be  used,  b;  fbiming  tbe  bottom  rai]  (into 
which  tne  lover  ends  of  the  Madden  are  inierted)  of  a  tube  nmilar  to  the 
upper  one,  and  Rtting  it  with  a  diacharge  cock. 

From  the  circumatancc  of  alcohol  boilbg  at  a  temperature  coniidcrablj 
below  the  boiling  point  of  water,  many  penoni  have  nippoied  that  it*  vapour 
might  he  advwitBgeouBly  subitituted  for  steam  ai  a  prime  mover  of  machinery. 
The  first  iuggMtion  to  this  effect  we  think  originated  with  the  Rev,  E.  Cart 
Wright;  but  we  are  not  aware  of  any  attempts  to  ctfry  it  into  efiect  previoui 
to  those  of  Mr.  Howard,  who  took  out  a  patent  in  IS35,  for  an  apparatus  for 
the  pinpose,  and  endeavoured  with  great  perseverance  to  bring  it  to  perfection, 
but,  we  believe,  without  tniccess,  as  we  cannot  find  that  any  en^nes  of  this 
description  havs  been  brought  into  nse.  Hie  following  description,  with  the 
annexed  engravings,  will  explain  the  nature  of  the  ^>pantus.  A  and  B  ar« 
FIg.L 


two  cylinders  of  equal  cwadty,  communicating  at  the  lower  part  by  a  pipe,  at 
passage  C.  These  <^linderB  contain  a  quantity  of  ail,  mercury,  or  other  fluid, 
(which  will  not  rise  m  vapour  at  the  temperature  to  which  it  is  to  be  exposed,) 
(uSicient  to  fill  the  base  of  one  cylinder,  and  nearly  the  whole  of  the  other 
cylinder.  Within  the  cylinder  B  is  a  piaton  exposed  above  to  the  pressure  of 
the  atmosphete;  it  has  a  piston  rod,  and  is  packed  in  the  usual  manner.  In 
the  other  cylinder  A  is  a  thin  metallic  dish  D  floating  freely  upon  the  surface 
of  the  oil,  or  other  fluid,  before-mentioned.  This  latter  cylinder  has  a  lop,  per- 
fectly air-tight,  fastened  down  upon  it,  and  through  a  stuffing-box  in  the 
centre  of  the  top,  passe*  a  tube  E  tenniaating  within  the  cylinder  in  a  small 
Doule,  pierced  with  numerotls  small  holes.  In  the  cover  of  the  cylinder  is  a 
flap-valve  C,  which  is  opened  by  a  rod  H  striking  it ;  the  valve  is  kept  up  to 
its  aeat  by  a  crane  neck-spring  Move  itj  the  valve-rod  worki  through  an  «il^• 


I%bt  ituffing-bm  I ;  a  nUtv-ralye  S.  U  placed  on  the  top  of  the  cylkder.  la 
tlie  pistan  U  an  orifice  fitted  with  a  plug,  by  meaoa  of  which  the  height  of  the 
fluid  above  the  pisloQ  (it  ■hould  always  be  kept  a  little  above  the  pitton)  may 
be  regulated ;  and  at  N  ii  a  cock,  by  which  the  fluid  may  be  withdrawn  from 
the  cylindera.  The  cylinden,  and  the  fluid  cootained  therein,  are  heated  by  > 
■nffinent  number  of  argand  lampi  placed  beneath  them;  and  the  cylinder  A, 
and  the  lower  part  of  the  cylinder  B,  are  lurrounded  by  a  caiing,  tearing  a 
nnall  space  between  then),  so  aa  to  confine  and  cany  the  heated  air  entirely 
around  them.  On  the  top  of  the  casing  is  a  cbininey  P  provided  with  a 
r^fiiler  Q,  the  better  to  regulate  the  heat  of  the  air  within  the  casing.  By 
means  of  a  small  force-pump  R,  which  is  worked  by  the  engine,  a  small  quan- 
tity of  alcohol  is  drawn  from  the  condenser,  and  tluvwn  suodenly  through  the 
pipe  E  on  to  the  SoatiDg-dish  D,  which,  being  previously  healed  by  the  oil,  or 
otaer  fluid  medium,  on  which  it  floats  quicUy,  eonverta  the  alcohol  into  vaponr, 
which,  pressing  upon  the  dish,  and  the  ml  on  which  it  floats,  forces  the  oil 
through  the  horizontal  passage,  and  raises  the  piston  to  ita  highest  point  of 
devation-  The  valve  in  the  cylinder  A  being  now  opened,  the  vapour  escape* 
by  a  tube  S  into  a  separate  vessel,  and  is  l£ere  condensed ;  the  piston  then 
descends  by  the  pressure  of  the  atinospliere,  and  the  dish  D  is  earned  again  to 
the  top  of  the  vapour  cylinder  A.  The  tube  S  is  divided  in  the  middle  by  a 
flat  ring  a  of  wood,  cork,  or  other  non-conducting  suhetauce,  making  an  aii^ 
tight  jomt,  and  is  inserted  into  a  circular  tube,  or  hollow  ring  V  V,  frcun  which 
a  number  of  small  thin  copper  pipes  U  U  descend.  The  lower  ends  of  these 
pipes  are  inserted  into  another  vessel  W,  which  forms  a  .reservoir  for  the 
ngouT  when  condensed.  The  liquid  formed  by  the  condensation  of  the 
*apc«r,  may  be  drawn  off  by  the  pipe  and  cock  A  The  outer  and  upper  part 
of  the  condenaer,  has  upon  it  a  circular  open  haiin  X,  which  is  kept  su^died 
with  water  by  a  pump,  or  any  convenient  meana  "" 
wi^>t  round  with  flannel,  or  other  porous  sub- 
stance of  like  nature,  the  upper  end  of  which 
hang*  over  the  bason  X  into  the  water ;  and, 
acting  like  a  syphon,  conduct*  the  water  over 
the  sorface  of  uie  tubes  U,  down  into  a  vessel 
Y  below  them.  Within  the  circle,  formed  by 
the  small  tubes,  is  a  fanner  kept  in  rapid  motion 
by  the  engine,  by  vrbich  meant  a  stieun  of  air 
m  throwu  upon  uie  wet  flannel,  and  the  heat  is, 
eonsequentfy,  more  rapidly  extracted  tnna  (be 
condenser.  Previously  to  setting  the  engine  to 
work,  it  is  oecessaty  to  withdraw  the  air  from 
the  vapour  cylinder  and  condeuser,  which  is 
done  by  means  of  an  exhausting  pump  or  sy- 
ringe, applied  at  c,  to  a  pipe  wi2i  a  stop-cock 
(  fitted  on  the  top  of  the  condenser.  The  liquid 
lo  be  converted  into  vapour  for  working  the 
engine,  is  introduced  into  the  reservoir  at  the 
bottom  of  the  condenser,  through  a  tube  * 
closed  b^  a  screw  cap/.  .F^- 2.  shows  a  method 
of  aflectmg  the  condensation  h;  injection.  Tlie 
pipe  s  conveys  the  vapour  Emm  the  vapour 
cylinder  into  the  condenser  g,  which  is  tunned 
of  copper  as  thin  as  the  pressure  will  admit  of, 
and  which  contains  a  portion  of  alcohol,  which 
may  be  introduced  by  the  tube  <  as  before  or  i 
hj  a  funnel  o  and  a  stop-cock  fi  on  the  top  of 
g.  A  lifting  pump  A  is  put  in  motion  hy  the 
engine,  at  tbe  same  time  that  the  valve  Q  (in 
Fig.  1)  is  opened,  and  the  pump  withdrawing  a  quantity  of  the  alcohol  from 
tha  lower  part  of  the  condenser  g,  injecta  it  into  the  same  vessel  at  the  top, 
■flwpassng  it  through  apipe  or  worm  ^  the  end  (rf  which*  being  pierced  with 


Am  pbton.  ' 


bto  the  Tapoor  eflinder  by  the  ptunp  R,  to  be  craiTnted  ii 
detcribed ;  Hid  part  of  it  u  again  employed  to  condeiiaa  the  Taponr,  ai  bit 
mentioiied.  The  eoodenan  g  and  the  tubn  eonnecled  tberswith,  are  pUoed  in 
a  ciiteni  which  ii  kept  eonitaotly  AiU  of  oold  water.  He  engine  alwTe  ONoribad 
'utthepreaiiiTeof  the  atmoaphera,  vhichaUoaffacti  tfaeietumatrokaof 
u  ThefbllawingdiagmnprewntBaa 
r  an  aRangemmt  for  araiding  this, 
and  prodndng  a  doubla  action,  a  a  art  the 
TipmirTeaMla;  6iithepinoa  cylinder;  e  the 
piUon  working  boriiontallv.  Ttw  anangemnit 
of  the  lBinpa,lnJecting  tuM,  ftc  ii  apoa  the 
aame  principla  a*  before.  The  vapour  ii 
allematelr  gaoentsd  with  the  two  veneli  a  a, 

and  withdrawn  from  them,  and  acti  upon  the 

pitton  through  the  medium  of  the  oil  or  other  ^J—f — 
naid,  upon  whicli,  or  upon  the  thin  copper  ^  ^ 
floBti  id,  the  imall  quantity  of  fluid  to  be  evaporated  ii  injected,  a*  b«An 
deieribed.  The  patentee  ttatci  that  tether  or  eaential  oili  might  be  nhetituted 
fur  aJoohol,  although  he  ecnttden  the  latterpreferahle  upon  the  whole,  a»  it  i* 
more  readily  and  effectually  oondenaed.  We  have  eeen  an  alMhoUe  engine, 
intended  for  a  24-)iatie  powar,  in  occadonal  operation  at  the  Iran  Worii  at 
Rotherhithe,  wliera  the  paMntee  petsevetingly  continuei  hia  ezperimenta]  efiiHrta 
aa  the  great  ecale. 

ALeT    The  name  given  to  a  ipeciea  of  malt  liquor.     See  Baia. 

ALEMBIC  The  name  formerly  given  to  a  common  diitiliatory  apparatm, 
now  termed  a  iliU.     See  Alcobol  and  DmiLLiTiOH. 

ALKALI.     The  term  ii  derived  from  an  Arabic  word  kaii,  the  name  of  a 

Slant  containing  an  alkali.  Ilie  olkalie*  pooeta  theae  genenl  propartiei  in 
leir  pun  itBle.  They  are  cautlia  and  acrid  (o  the  taito.  Thav  diasdve  animal 
matter,  and  form  a  uponaceoui  compound  with  oili  or  fat  Tney  combine  with 
acidi  in  definite  proportioni ;  the  reapective  propertiea  of  each  are  destroyed, 
and  a  neutral  lalt  is  the  reault  On  thii  account  they  precipitate  most  metala 
from  their  acid  lolutioni.  They  change  moet  of  the  vegetable  bluei  to  green, 
and  restore  the  colour  of  a  vegetable  blue  reddened  by  an  acid.  They  combine 
with  water  in  any  proportion.  The  moat  important  of  thealkaliea  in  commerce 
and  in  the  arta,  are  pataih,  lods,  and  ammonia,  llie  two  former  of  theae  are 
generally  called  the  lixed  alkaliei,  and  the  latter,  the  volatile.  Some  of  the 
eartiii  po9ieai  powerliil  ntlialine  pnipertiei,  and  have,  therefore,  by  lome  writen 
in  chemistry,  been  dasind  with  the  alkalieii:  theie  are  lime,  magneiia,  barytei, 
and  Btrontitei.  Many  vegetable*  alio  contain  matter  decidedly  alkaline ;  nieh 
u  moiphia,  hyoaciama,  itiychnia,  fto.  The  propertie*  and  uiei  of  theee 
bodiei,  will  be  found  under  their  reapective  heada. 

ALKALIMETER.  An  inMnunent  for  awwrtaining  the  atrength  of  alkaliea. 
The  best,  perhapa,  ii  a  tube  graduated  into  a  number  of  equal  parte.  Add  of 
a  known  apecinc  gravity,  diluted  with  water,  and  coloured  with  infiuion  <^ 
litmut,  it  poured  in  untd  a  civen  number  of  parti  fa  occupied.  He  alkali 
to  be  tried  ia  accurately  weighed,  and  gradually  added  to  the  dilute  acid,  until 
the  original  bhie  at  the  litmui,  reddoied  by  the  acid,  ia  reatorcd.  The  relativa 
qnantihF  of  an  alkali  requiiite  to  neutraliie  a  given  portion  of  add  of  uniftom 
itrengtd,  ia  a  leal  of  its  strength. 

ALKANET,  or  BuaLost.  A  genua  of  the  Monogynia  order,  belonging  to 
the  Pentandria  class  of  plants.  It  is  found  chiefly  in  the  wanner  regioiu  of  the 
continent;  that  which  growa  in  Enriand  b  inferior  in  the  colouring  power  of 
its  roots,  for  which  the  plant  ia  chiefly  valuable.  The  ereateat  quantity  is  raised 
In  France,  from  whence  it  ia  priodpally  obtained.  If  the  root  of  thn  plant  it 
^geatad  in  oil,  alcohol,  or  unctuous  matter,  a  deep  red  oolour  is  eztiBctedi 
which  ii  extensively  employed  in  colouring  varioua  unguent*,  and  otao  in 
atoiiiiiig  mahogany  and  marble.    The  colowing  matter  exist*  in  the  barit  of 
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the  plant ;  and  ai  the  roots  contain  most  bark,  a  greater  quantity  of  colouring 
matter  ii  extracted  from  them  than  from  the  other  parts. 

ALLOY.     A  combination  of  two  or  more  metals.    The  term  is  sometimes 
employed  to  denote  the  inferior  metal  combined  with  fold  or  silver.    Thus  it 
is  said  the  standard  gold  of  jewellers  is  18  carats  of  gcSd  and  6  of  alloy,  what- 
ever metal  the  alloy  may  be.     When  metals  are  conu>ined  either  by  fusion  or 
cementation,  the  alloy  formed  generally  possesses  properties  and  characters 
very  different  from  those  of  the  respective  components.    The  density  is  some* 
times  greater,  sometimes  less ;  the  fusing  point  in  some  cases  is  considerably 
lower  than  the  mean.    Elasticity  is  sometimes  communicated,  sometimes  de- 
stroyed ;   and  the  malleability  and  ductility  of  the  alloy  seldom  correspond 
with  those  of  the  metals  formmg  it    These  important  changes  would  lead  to 
the  inference,  that  alloys  are  chemical  combinations,  and  not  mechanical  mix- 
<tures;  but  there  are  many  objections  to  this  supposition,  the  most  important 
of  which  are^  that  metals  may  be  combined  in  any  proportions,  and  that  thev 
may  be  separated  by  the  process  called  eltquation,  u  there  is  a  great  difference 
in  the  respective  temperature  of  their  fusing  points.   Thus,  silver  and  lead  may 
be  separated  from  copper  by  heat,  the  copper  reouiring  a  higher  temperature 
for  its  fusion  than  the  other  two  metals  combinea ;  and  an  aUoy  containing  a 
Yolatile  metal,  as  mercury,  or  zmc,  may  be  decomposed  by  a  strong  heat,  the  * 
fixed  metal  remaining  when  the  more  volatile  is  expelled.    In  many  cases,  a 
▼eiy  small  proportion  of  one  metal  is  sufficient  to  cnanse  the  most  important 
chmracters  of  another.    A  quarter  of  a  grain  of  lead  wSl  render  an  ounce  of 
gold  perfectly  brittle,  although  neither  gold  nor  lead  are  brittle  metals.     If  a 
crucible  containing  arsenic  1^  placed  in  the  same  fire  wiUi  a  crucible  containing 
gold,  the  fumes  of  the  arsenic  will  render  the  gold  brittle.  Some  of  the  changes 
thos  produced  are  of  the  utmost  importance  in  the  arts,  as  many  of  the  alloys 
are  far  more  valuable  on  account  of  the  newly-acquired  properties,  than  any  of 
the  simjde  metals.     Gold  and  silver,  in  their  pure  state,  would  be  totally  lufit 
lor  the  useful  purposes  to  which  they  are  applied,  if  they  were  unalloyed,  on 
account  of  theur  softness.      Even  the  standard  current  coin  of  the  realm  is 
alloyed,  to  render  it  hard,  otherwise  the  impression  would  be  speedily  effiiced.  and 
the  coin,  by  abrasion,  would  soon  become  deficient  in  weight.     Pure  copper 
would  be  unfit  for  many  of  the  purposes  to  which  it  is  so  extensively  applied  in 
the  aita,  if  it  were  not  alloyed  by  some  metal  to  give  it  hardness ;  and  it  is  sin- 
gular that  the  metals  employed  for  this  purpose  are  all  soft  metals.    Brass, 
bell-metal,  gun-metal,  &c.  are  all  alloys  of  copper  with  soft  metals.     Some 
metals  which  will  not  combine  together  immediately,  nuiy  be  united  by  the 
intervention  of  a  third.    Thus,  mercury  will  not  combine  directly  with  iron ; 
but  if  cine  or  tin  is  first  added  to  the  iron,  an  amalgam  may  be  formed  of  it 
with  mercury.     It  may  here  be  observed,  that  when  mercury  is  united  to  any 
other  metal,  the  compoimd  is  called  an  amalgam.    In  order  to  make  a  perfect 
alloT,  a  very  intimate  admixture,  by  mechanical  agitation,  should  be  e&cted 
while  the  metals  are  in  the  fluid  state.    They  shotud,  therefore,  be  either  con- 
stantly stirred  with  an  infusible  rod,  or  repeatedly  poured  from  one  hot  crucible 
to  another.     Mr.  Hatchett  found  that  the  lower  end  of  a  bar  of  standard  gold 
was  of  inferior  specific  gravity  and  value  to  the  upper  extremity,  which  would 
be  formed  by  the  last  portions  of  the  metal  in  the  crucible.    The  surface  of 
metals,  also,  should  be  carefully  defended,  while  in  the  fluid  state,  from  the 
action  of  the  atmosphere,  by  a  stratum  of  wax,  pitch,  or  resin,  if  the  fusing 
point  be  low;  or  bv  a  layer  of  salt,  pNoiwded  glass,  borax,  &c,  if  it  be  high,  in 
this  article  we  shall  merely  give  a  brief  accoimt  of  the  nature  and  composition 
of  the  most  important  allo3rs,  and  their  respective  uses.    Where  Uie  mode  of 
manufacture  is  complicated,  and  requires  peculiar  processes,  we  shall  more  fully 
describe  them  under  their  several  heads. 

Bran  is  composed  of  variable  proportions  of  zinc  and  copper,  according  to  the 
oae  for  which  it  is  required.  In  general,  about  9  parts  of  zinc  are  added  to  1 6  of  cop- 
per when  melted.  Tne  best  brass  is  not  made  by  the  direct  combination  of  the  two 
fluid  metals,  but  by  the  process  called  cementation  (See  Cementation).  The 
▼J^our  of  the  zinc  ore  by  thb  mode  combines  more  intimately  with  the  copper* 
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MankeUn  OM, — Three  parts  copper,  1  part  zinc,  and  a  imall  quantity  of  tin 
If  tliese  metals  are  pure,  and  are  meltei  in  a  covered  crucible  containing  char- 
coal, the  alloy  bears  so  close  a  resemblance  to  gold  as  to  deceive  very  skilfUl 
persons. 

TombaCf  or  WMie  Copper,  is  formed  of  variable  proportions  of  copper, 
arsenic,  and  tin. 

Pinehbeek. — Five  oz.  pure  copper,  and  1  oz.  zinc.  The  copper  must  be  firrt 
melted  before  the  zinc  is  added. 

Prince's  Metnl  is  made  of  from  2  to  3  parts  of  copper,  and  1  of  zinc ;  or  of 
common  brass,  with  an  extra  portion  of  zinc. 

BeU  MetctL — Six  to  10  parts  copper,  and  2  parts  zinc.  For  small  beUi^  a 
little  zinc  is  added,  and  sometimes  sdver. 

TWofita,  or  Britannia  Metal, — Four  oz.  plate  brass,  and4oz.  tin;  whenfiised, 
add  4  oz.  bismuth,  and  4  oz.  antimony.  This  composition  is  added  at  discretion 
to  melted  tin. 

German  Tutania, — ^Two  drms.  copper,  1  oz.  antimony,  and  12oz.  tin. 

Spanish  TSUania. — £i?1it  oz.  scrap  iron,  or  steel,  1  lb.  antimony,  and  3  oz. 
nitre.  The  iron  or  steel  must  be  heated  to  whiteness,  and  the  antimony  and 
nitre  added  in  small  portions.  Two  oz.  of  this  compound  are  sufficient  to 
harden  1  lb.  of  tin. 

Queen's  MetaL'—Yoxa  and  a  half  lbs.  tin,  |  lb.  bismuth,  \  lb.  antimony,  and 
I  lb.  lead.  Or,  100  lbs.  tin,  8  lbs.  antimony,  1  lb.  bismuth,  and  4  lbs.  copper. 
This  alloy  is  used  for  making  tea-pots,  and  other  vessels,  which  imitate  silver. 

Red  Tombac, — Five  and  a  half  lbs.  of  copper,  and  |  lb.  zinc.  The  copper 
must  be  fused  in  a  crucible  before  the  zinc  is  added.  This  alloy  is  of  a  red 
colour,  and  possesses  greater  durability  than  copper. 

White  Metal. — Ten  oz.  lead,  6  oz.  bismuth,  ana  4  drms.  antimony.  Or,  2  lbs. 
antimonv,  8oz.  brass,  and  10  oz.  tin. 

Gun  MeUd, — One  hundred  and  twelve  lbs.  Bristol  brass,  14  lbs.  zinc,  and 
7  lbs.  block  tin.  Or,  9  lbs.  copper,  and  1  lb.  tin.  Lead  was  formerly  used  in 
this  alloy  to  facilitate  the  casting,  but  at  the  battle  of  Prague  it  was  found  that 
some  of  the  pieces  of  ordnance  formed  of  this  metal  were  actually  melted  by 
the  frequency  of  firing. 

Blanched  Copper, — Eight  oz.  copper,  and  i  oz.  neutral  arsenical  salt,  fused 
together  under  a  flux  of  calcined  borax  and  pounded  glass,  to  which  charcoal 
powder  is  added. 

Specula  Metal, — Seven  lbs.  copper,  3  lbs.  zinc,  and  4  lbs.  tin.  These  metals 
form  an  alloy  of  a  light  yellow  colour,  possessing  much  lustre. 

Metal  for  Flute  Key  f^alves, — Four  oz.  lead,  and  2oz.  antimony. 

Printing  7Vpe«. — ^Ten  lbs.  lead,  and  2  oz.  antimony.  The  antimony  is  added 
while  the  lead  is  in  a  state  of  fusion.  The  antimony  gives  hardness  to  the  lead, 
and  prevents  its  contraction  when  cooling.  Some  manufacturers  employ  different 
proportions  of  these  metals,  and  some  add  copper  or  brass. 

Small  Type  Metal. — Nine  lbs.  lead,  2  lbs.  antimony,  and  1  lb.  bismuth.  The 
antimony  and  bismuth  are  added  when  the  lead  is  melted.  This  alloy  expands 
in  cooling ;  the  mould  is,  therefore,  entirely  filled  when  the  metal  is  cold,  and  no 
blemish  is  found  in  the  letters.  Stereotvpe  plates  are  formed  of  this  alloy. 
Some  manufacturers  employ  tin  instead  of  bismuth. 

Common  Pewter, — Seven  lbs.  tin,  1  lb.  lead,  6  oz.  copper,  and  2  oz.  sine.  Tlie 
copper  must  be  first  melted  before  the  other  metals  are  added. 

BeU  Pewter. — One  hundred  parts  tin,  and  17  parts  antimony. 

Hard  Pewter.'-Twelve  lbs.  tin,  1  lb.  antimony,  and  4oz.  copper. 

Common  Solder  — ^Two  lbs.  lead,  and  1  lb.  tin. 

Soft  Solder, — ^Two  lbs.  tin,  and  1  lb.  lead. 

Solder  for  Steel  Joints. — Nineteen  dwts.  fine  silver,  1  dwt  copper,  and  2  dwts. 
brass. 

Silver  Solder  for  Jewellers. — Nineteen  dwts.  fine  silver,  1  dwt.  copper,  and 
10  dwts.  brass. 

Siher  Solder  for  Plating. — Ten  dwts.  brass,  and  1  oz.  pure  silver. 

Gold  Solder.—TvfeUe  dwts.  pure  gold,  2  dwts.  pure  silver,  and  4  dwts.  copper. 
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Srome.'Stren  lbs.  copper,  3  Ibt.  zinc,  and  2  Ibi.  tin.  Tlio  copper  miist  be 
melted  before  the  other  metals  are  added. 

Mock  Plathmm. — ^Eight  oz,  brass,  and  5  oz.  zinc. 

Alkf  of  FUOmum  wUh  Gold. — Fifteen  j^arts  jmre  gold,  and  1  part  platinum. 
The  gold  must  be  melted  before  the  platmum  is  added.  This  allo^  is  whiter 
than  gold.  Platinum  has  the  singular  property  of  depriving  gold  of  its  peculiar 
odour;  if  ten  parts  of  gold  are  combined  with  only  one  of  ^stinum,  the  alloy 
will  appear  of  the  colour  of  platinum.  There  is  another  remarkable  property 
attending  this  alloy  of  gold  and  platinum,  that  it  is  soluble  in  nitric  acid,  which 
does  not  act  upon  either  of  the  metals  in  a  separate  state. 

iZtn^  Gold. — Six  dwts.  12gTs.  pure  copper,  3dwts.  16grs.  fine  sflver,  and 
1  oz.  5  dwts.  pure  gold.  Jeweuer's  gold  is  made  of  variable  proportions  of  pure 
gold  and  copper,  and  sometimes  of  silver. 

ImittUkm  ofSiher. — One  lb.  copper,  and  |  oz.  tin.  This  alloy  will  be  of  a 
deeper  colour  than  silver,  but  in  other  respects  it  is  veiy  similar. 

Alloy  of  Plaimum  uM  Steel. — Platinum  although  the  most  infusible  of 
metals,  when  in  contact  with  steel  melts  at  a  comparatively  low  temperature, 
and  combines  with  it  in  any  proportion.  This  alloy  does  not  rust  or  tarnish 
by  exposure  to  a  moist  atmosphere,  for  many  months.  The  alloy  is  malleable, 
and  is  well  adapted  for  instruments  which  would  be  iigured  by  slight  oxidation, 
M  mirrors  for  dentists,  Sic  The  best  proportions  do  not  yet  appear  to  be  known ; 
bat  it  appears  that  if  much  platinum  be  used,  the  alloy  has  a  damask  or  wavy 
appearance.  Steel  for  cutting  instruments  is  much  improved  by  even  g^th  of 
pliUinum. 

Alloy  of  Silver  and  Steel — Steel  500  parts,  and  silver  1  part  If  a  large 
proportion  of  silver  is  employed,  the  compound  appears  to  he  a  mechanical 
mixture  only.  The  silver  is  distinctly  seen  in  fibres  mixed  with  the  steel,  and 
the  alloy  is  subject  to  voltaic  action.  When  the  proportion  does  not  exceed 
s^  the  compound  appears  to  be  a  chemical  union ;  the  steel  is  rendered  much 
mder,  forges  remarkably  well,  and  is  infinitely  superior  to  the  best  cast  steel 
for  cutting  instruments,  &c 

Alloy  ^  Steel  wUh  Iihodium.-^lf  firom  1  to  2  per  cent,  of  rhodium  be  com- 
bined with  steel,  the  alloy  possesses  great  hardness,  with  sufficient  tenacity  to 
prevent  cracking,  either  in  forcing  or  hardening.  This  alloy  requires  to  he 
Mated  about  73®  Fahr.  above  uie  best  English  cast  steel  in  tempering.  It  is 
Biipcrior  to  that  metal;  but  the  scarcity  of  rhodium  will  prevent  the  extensive 
use  of  this  valuable  compound. 

FuetbU  AUoya, — Four  oz.  bismuth,  2^  oz.  lead,  and  1}  oz.  tin.  Melt  the  lead 
first,  and  then  add  the  other  metals.  This  alloy  will  melt  in  boiline  water, 
althcNigh  the  melting  temperature  of  the  several  components  is  much  higher ; 
w.  lead,  6120;  bismuth,  476o;  tin,  442o. 

ALMOND.  The  well-known  kernel  of  certain  fruit  trees,  of  which  there 
is  great  variety.  Almonds  contain  a  considerable  quantity  of  oil,  on  which 
account  they  are  chiefly  valuable.  As  an  article  of  food,  they  possess  little 
nntritioiis  matter,  and  if  taken  immoderately,  are  indigestible,  and  even  poisonous, 
OQ  account  of  the  jprussic  acid  they  contain.  Bitter  almonds  yield  a  greater 
qnantity  of  this  poison  than  the  sweet ;  they  are  therefore  poisonous  to  some 
birds  and  small  animals.  Water  distilled  from  almonds  and  other  kernels,  is 
Ibund  to  be  destructive  of  human  life.  Noyeau  and  other  cordials  flavoured  by 
these  substances,  contain  much  of  the  bitter  principle,  or  prussic  acid.  The 
oQ  of  almonds  may  be  extracted  bv  simple  pressure ;  if  they  are  heated,  a 
neater  quantity  is  obtained.  The  ou  firom  tiie  bitter  kernel  is  as  tasteless  as 
ttiat  firom  the  sweet;  the  bitter  principle  is  soluble  in,  and  may  be  extracted  by, 
viler.  Sweet  almonds  are  extensively  employed  in  medicine  in  the  form  of 
emulsion.  They  are  skinned,  and  triturated  in  a  mortar  with  a  small  quanti^ 
of  water.  After  standing  a  short  time,  a  thick  cream  separates,  which  will 
render  many  resinous  sulMtances  mixible  in  water.  The  aimond  emulsion  is 
generally  combined  with  gum  or  sugar. 

ALOES.  The  aloe  is  a  plant  of  the  Monosynia  order,  belonging  to  tne 
Hesandria  dass.    The  medical  substance  called  aloes,  is  the  inspissated  juice 
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of  the  pJoDt  There  are  three  sorts  of  this,  viz,  soeotrina,  hepatica,  and  cabal- 
lina.  The  fint  of  these,  which  is  considered  the  best,  comes  from  the  islanii 
Socotora,  whence  its  name.  It  is  of  a  glossy  anpearancei  and  in  a  slight  degree 
pellucid ;  if  reduced  to  powder,  it  is  of  a  bright  golden  colour.  The  hepatica 
IS  so  called  from  its  liver  colour,  and  is  chiefly  brought  from  Barbadoes  in  large 
gourd  shells.  Its  taste  is  intensely  bitter  and  nauseous.  The  cabellina  is 
principallv  used  as  a  medicine  for  nones,  from  which  circumstance  it  derives 
this  appefiation.  It  is  coarser  and  more  impure  than  the  others,  and  baa  a 
rank  strong  smell.  The  three  varieties  have,  however,  all  been  obtained  from 
the  same  plant,  at  Morviedro,  in  Spain.  The  first,  from  the  liquid  which  flows 
spontaneously  from  the  incised  leaf;  the  second,  from  the  juice  afterwards 
extracted  by  pressure ;  and  the  third,  by  mizine  Uie  expressed  juice  with  the 
dregs  of  the  former.  Pure  aloes  are  nearly  soTuUe  in  water  and  in  aloohoL 
They  are  powerfullv  aperient,  and  in  Uunge  doses  produce  much  irritatiun:  small 
doses  are  tonic  andaperient. 

ALTITUDE.  The  height  of  any  place  or  thing ;  one  of  the  three  dimen- 
sions of  solid  bodies ;  elevation  of  the  celestial  bodies,  &c.  In  geometry,  the  • 
altitude  of  a  figure,  or  a  solid,  is  the  perpendicular  distance  between  its  vertex 
and  base.  The  altitude  of  buildings,  trees,  &c.  may  be  measured  like  that  of 
geometrical  solids,  from  the  base  to  the  vertex,  but  the  altitude  of  lofty  moun- 
tains or  elevated  plains  is  reckoned  from  the  level  of  the  ocean.  There  are 
various  means  for  determining  altitudes,  such  as  geometrical  construction ;  by 
observation  of  shadows ;  by  trigonometrical  calculation ;  and  by  the  use  of  the 
barometer.  For  an  account  of  the  various  instruments  employed  as  auadrants^ 
sextants,  theodolites,  barometers,  &c.,  with  the  methods  of  applying  tnem,  con- 
sult their  respective  names.  The  altitude  of  terrestrial  bodies  may  be  either 
accessible  or  inaccessible.  When  the  object  viewed  is  accessible,  and  on  the 
same  horizontal  plane  as  the  observer  stands,  its  altitude  may  be  found  in  the  foW  ^ 
lowing  way:  Provide  two  deal  rods,  one  longer  than  the  ouier;  fix  the  shorter 
one  vertically  in  the  ground,  and  having  placed  your  eye  at  its  top,  let  an 
assistant  move  towards  the  tower  in  a  direct  line,  till  the  top  of  the  second  rod 
is  seen  on  a  line  with  the  summit  of  the  object  whose  altitude  is  required.  Next 
measure  the  distance  between  the  two  rods,  and  also  between  the  shorter  rod 
and  the  tower.  Then  say,  as  the  distance  between  the  two  rods  is  to  the  dia- 
tance  of  the  shorter  rod  from  the  tower,  so  is  the  diflerence  in  length  of  the 
rods  to  the  difference  between  the  heiffht  of  the  tower  and  the  shorter  rod. 
Hence,  if  to  this  difference  we  add  the  length  of  the  shorter  rod,  it  wfll  give 
the  altitude  required.  The  result  may,  however,  be  more  conveniently,  aa  well 
as  more  accurately  obtained,  by  means  of  a  quadrant,  or  other  instrument  to 
measure  angles,  in  the  following  manner.  Measure  the  distance  of  the  observer*8 
place  from  the  foot  of  the  tower,  and  take  the  angular  elevation  by  means  of 
the  quadrant ;  then  say,  as  the  cosine  of  the  observed  angle  is  to  tlie  measured 
distance,  so  is  the  sine  of  the  observed  angle  to  the  altitude  required.  Altitude, 
in  astronomy,  signifies  the  angular  distance  of  a  celestial  body  from  the  horizon, 
measured  on  a  vertical  circle.  The  altitude  is  either  true  or  apparent,  accord- 
ingly as  it  is  measured  frt>m  the  rational  or  the  sensible  horizon.  The  observed 
or  apparent  altitude  varies  firom  the  true  on  two  accounts.  First,  the  body  is 
seen  from  the  surface  of  the  earth,  instead  of  from  the  centre,  which  causes  it 
to  appear  lower  than  its  true  place,  by  a  quantity  which  is  denominated  the 
horizontal  parallax.  Secondly,  the  reys  oi*  light  by  which  the  body  is  perceived, 
are  refracted  by  the  terrestrial  atmosphere,  and,  consequently,  it  appears  higher 
than  it  otherwise  would.  To  obtain  the  true  altitude,  therefore,  of  a  celestial 
body,  we  must  add  the  parallactic  angle  to  the  apparent  altitude,  and  fiK>m  the 
sum  subtract  the  refraction.  The  fixed  stan,  firom  their  great  distances,  have 
no  sensible  parallax,  and  hence  the  preceding  remark  applies  only  partially  to 
them.  But  the  difference  between  the  true  and  apparent  altitude  of  the  moon, 
is,  from  its  proximibr  to  us,  about  529.  Altitude  of  the  eye,  in  perspective,  is 
the  height  of  that  pomt  in  the  perspective  plane  which  would  be  made  oy  a  right 
line  drawn  from  the  eye  and  cutting  the  plane  perpendicularly. 

ALTO  FAGOTTA,  or  Ociave  Fagoita,    A  new  musical  instrument     It  i» 
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cltMelf  to  tfaoM  of  a  hom,  though  much  tofter: 
tlie  loirer  Dotes  blending  verj  hsimoniQinly  with 
llioae  of  Ihe  voice,  piano-forte,  tee.  The  compiM 
of  Ibe  iaMniment  ii  three  octnvei,  commeacing 
with  the  C  in  the  lecond  ipaca  but  clef,  or  four 
Botei  lower  than  the  fourtu  atrins  of  the  TJolin, 
cnatinuing  to  the  C  the  lecond  ledger  line  aboTe 
tLe  treble  it&Te,  with  their  intennediate  aemi- 
kmei.  It  ii  plsyed  with  a  reed  and  mouth-piece 
aimHar  to  a  cUnmet.  The  annexed  repreten- 
tatioD,  although  like  the  anaH  baaaoon,  diffeit 
maletiallj  in  its  tone  and  compass.  There  are 
three  ke;s  and  key-^mlei  on  tue  oppoate  side  to 
that  delineated. 


geaetailj  of  eaithenw«re,  and  of  various  forma  and 
aixe.  Sometimes  tubes  ore  emploj'ed  ea  aludels,  and  .^  j 
Munetimes  vessels  of  lane  cspadtv,  according  to  the  nature  ot  the  substance 
whichia  to  be  condensed  m  them.  The  process  uf  condensing  the  product  is  much 
bcilitated  bv  keeping  tbe  aludel  constantly  cool  by  wet  cloths  or  a  stream  of  water. 
ALUMln  A.  A  primitive  earth  exlatinK  in  great  abundance  in  clays,  earths, 
ochtea,  rocks,  &c.  Soib  containing  much  of  this  aubatance  are  called  argil- 
laceous. It  ia  found  in  a  state  of  great  purity  in  many  precious  genu,  as  (he 
npphire,  topaz,  emerald,  garnet,  beryl,  &c  When  pure,  it  is  of  a  white  colour, 
pulverulent,  and  soft  to  the  touch.  It  adhere*  to  the  tongue,  but  is  taatelea*. 
.  It  ii  insoluble  in  water,  but  ia  readily  disaolved  by  acids,  and  also  by  caustic, 
potaah,  or  loda.  If  moistened  with  water,  a  very  dnctile  and  tenacious  paste 
u  formed,  which,  hy^  heating,  becomes  ezeeedinglp'  hard,  and  is,  therefore,  ez- 
tenaivcly  employed  in  the  manufacture  of  porceUm,  earthenware,  and  all  kinda 
of  pottoy.  Bricks,  tiles,  crucibles,  and  stone  ware,  contain  large  quantities  d" 
altunina.  It  is  infojible,  per  te,  in  the  strongeat  heat  irf  a  furnace,  but  small 
qoantitiea  may  be  flued  by  tbe  oxy-bydrogen  blow-pipe.  If  mixed,  however, 
with  Gert«in  proportione  of  lime  and  ailii^  it  fiises  readily.  Pure  alumina  may 
be  obtained  easily  from  the  triple  salt,  containmg  ammonia  instead  of  potash. 
Iff  healing  it  intenaely.  The  acid  and  the  alkali  are  diidpated  bjthe  beat,  and 
tbe  pure  earth  remains.  It  is  uanally  procured  by  adding  ainull  quantity  of  solu- 
tion of  bicarbonate  of  potash  to  a  salullon  of  common  alum,  which  precipitate* 
the  iron  contained  genBraU}|in  that  salt.  Tbefiltered  liquid  la  then  to  be  added 
to  tbe  liquid  anunonia,  which  combine*  with  part  of  the  anlphuric  acid  of  the 
alum,  and  precipitate*  the  earth  in  a  spongy  man.  This  muat  be  washed  &e- 
qnentlj  in  distilled  water,  and  thni  heated  to  dirness.  According  to  the  expe- 
ruuenta  of  Sir  H.  Davy,  it  appears,  that,  like  tbe  other  earths,  alumma 
is  B  metallic  oxide.  By  pasnng  potassium  in  vapour  over  alumina  heated  to 
whiteness,  a  great  pert  of  tbe  vapourixed  metal  waa  converted  into  the  alkali 
potaih  : — a  decisive  proof  thnt  alumina  contain*  oxy^.      By  ti      ~ 


chloride  of  aluminum  with  potassium,  a  grey  powder  la  obtained,  wbidi,  bj 
bumishiDg,  acquire*  metallic  lustre.  This  powder  bums  with  much  splendour 
ifheated  to  rcdnes*,  and  is  converted  to  alumina  by  absorption  of  oxygen.  The 


is  called  aluminum ;  and  it  is  found  that  1 00  parts  ci 
8  of  oxygen.  Alumina  has  the  unusual  property  of  contracting  by  heat,  and 
in  pretty  exact  proportion  with  the  intensity  applied.  On  tiiis  property  the 
(igeDious  Mr.  Wedgewood  constructed  hi*  pyrometer  for  estimating  very  high 
temperatures.  See  FvaoHiTEa.  This  useful  earth  has  a  powerM  affinity  for 
colouring  matter,  and  also  for.  e;reasy  substances.  Fuller's  earth  and  pi^e-day 
owe  theu  useAd  properties  to  the  lor^  quantities  of  alumina  they  contain. 

ALUH,  a  triple  salt  of  great  impottonce  in  the  arts,  ia  composed  of  lulphurie 
acid,  alumina,  and  potash.  It  is  sometime*  found  native,  but  only  in  small 
quantities,  and  is  attificially  manufactured,  chiefly  from  the  mineral  called  alum' 
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■late.  This  is  found  in  great  abundance  in  the  north-eaat  district  of  Yorkshire, 
more  particulariv  between  Whitby  and  Stockton.  In  the  reign  of  Queen 
Elizabeth,  Sir  Tnomaa  Chaloner  established  a  manufactory  of  alum  at  Gis- 
borough,  in  Yorkshire,  and  engased  several  expert  workmen,  acquainted  with 
the  mode  of  manufacture,  from  tne  dominions  of  his  Holiness  the  Pope^  who 
fulminated  bulls  and  anathemas  against  him  and  them  in  vain.  The  alum- 
slate  is  also  found  in  abundance  at  fieckel,  in  Normandy.  Iliere  are  other 
aluminous  minerals  from  which  alum  may  be  obtained ;  but  none  appear  so  well 
adapted,  nor  so  plentiful,  as  the  alum-slate,  or  aluminous  schist  The  mineral 
from  which  alum  is  manufactured,  is  broken  into  small  pieces,  and  placed  on  a 
bed  of  fuel,  until  it  is  about  4  feet  high.  The  fuel  is  then  ignited,  and  as  the 
calcination  nroceeds,  more  of  the  mineral  u  added  from  time  to  time,  until  an 
enormous  pue,  sometimes  equal  in  area  to  200  square  feet  at  the  base,  is  formed 
The  combustion  proceeds  so  rapidly,  that  it  is  necessary  to  prevent  access  of  air, 
by  plastering  the  crevices  with  small  schist  (alum-slate,)  made  into  a  lute  widi 
water.  It  requires  about  130  tons  of  the  mineral  to  produce  one  ton  of  alum. 
When  the  calcination  is  effected,  the  residue  is  digested  in  pits  containing  laige 
quantities  of  water.  The  liquid  is  withdrawn  by  pumps,  and  added  to  fk«sh 
calcined  ore.  This  is  repeated  until  its  spec  grav.  becomes  about  1.15. 
This  saturated  liquor  is  sometimes  placed  in  pita,  to  deposit  sulphate  of  lime,  and 
other  earthy  matter,  which  may  contaminate  it,  and  sometimes  boiled  to  pro- 
duce the  same  effect  The  purified  liquid  is  then  concentrated  at  a  boiling  heat, 
in  large  sloping  leaden  pans.  This  is  then  removed  to  a  nUlmg  cistern,  and  a 
solution  of  muriate  of  potash,  or  the  impure  alkali  of  the  soap-maker,  is  added 
to  it  The  quantity  necessary  is  ascertained  by  experiment  with  a  smsJl  portion 
in  a  basin.  The  alkaline  solution  reduces  the  spec.  grav.  from  1.4  or  1.5 
to  1.35.  The  quantity  of  alkali  required  is,  therefore,  eiwily  ascertained  by  an 
hydrometer.  If  the  spec.  grav.  of  the  liquid  be  more  than  1.35,  it  does 
not  yield  crystals,  but  a  solid  magma  resembling  grease,  and  it  becomes 
necessary  to  reduce  it  and  re-crystallize.  Urine  is  sometimes  added  for  this 
purpose ;  it  is  crystallized  in  the  usual  manner  by  slow  evanoration.  These 
crystals  are  purified  by  washing  and  boiling  in  a  leaden  vessel.  The  saturated 
solution  is  tnen  poured  into  casks,  and  in  about  a  fortnight  the  casks  are 
unhooped  and  taken  to  pieces,  the  alum  remaining  in  a  solid  mass.  This  last 
process  is  called  roching.  It  is  calculated  that  22  tons  of  muriate  of  potash, 
or  31  tons  of  the  black  ashes  of  the  soap  boiler,  or  73  of  kelp,  are  necessary 
to  make  100  tons  of  alum.  Ammonia  may  be  employed  instead  of  potash,  but 
it  is  more  expensive.  The  impure  sulphate  of  soda  formed  in  the  manufacture 
of  aqua  fords,  may  be  economically  employed  in  the  manufacture  of  alum,  as 
it  contains  two  oiit  of  the  three  ingredients  necessary  to  ito  formation.  Th 
celebrated  Chaptal  manufactured  alum  artificially  in  France  to  a  great  extent 
A  chamber  of  very  lars^e  dimensions  was  constructed  of  masonry,  and  floored 
with  brick ;  the  bricks  being  cemented  witli  a  composition  of  pitch,  wax,  and 
turpentine.  The  roof  was  of  timber,  but  the  planks  were  closely  grooved  into 
each  other,  no  nails  being  employed.  Lastly,  the  whole  of  the  mterior  was 
covered  with  a  thick  coating  of  the  above-mentioned  cement,  applied  as  hot  as 
possible.  The  purest  and  whitest  clay  is  then,  after  calcination,  strewn  on  the 
floor,  and  sulphur  burned  in  the  chamber.  By  this  process  sulphuric  acid  is 
fbrmed,  which  in  a  few  days  saturates  the  alumina  of  tiie  clay,  converting  it 
into  sulphate  of  alumina.  This  is  known  by  the  efflorescence  that  takes  place. 
The  salt  is  then  removed  and  exposed  to  the  air,  that  the  acid  may  penetrate 
more  effectually  the  alumina.  It  is  then  lixiviated,  treated  with  potash,  and 
crystallized  as  before  described.  One  of  the  most  ancient  manufactories  of 
alum  was  at  Roche,  in  Lyria,  whence  is  derived  the  term  Roche-alum. 
According  to  the  analysis  of  Berzelius  alum  consisto  of 

Sulphuric  acid 34.33 

Aliunina 10.86 

Potash 9.81 

Water 45.00 

100.00 
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Or,  Sulphate  of  alumina 36.85 

Sulphate  of  Potash 18.15 

Water 45.00 


100.00 


The  taste  of  alum  is  rather  sweet,  but  astringent.  It  is  a  super-sulphate,  and 
reddens  the  vegetable  blues.  The  spec.  ^v.  is  about  1.71.  It  is  soluble 
in  16  parts  of  water  at  60o,  and  in  Iths  of  its  weight  of  Ixnling  water.  By  long 
exposure  to  air,  the  surface  e£9oresces,  but  the  interior  will  remain  a  long  time 
unchanged.  A  moderate  degree  of  heat  expels  its  water  of  crystallization,  but 
an  intense  heat  decomposes  it,  by  separating  a  great  part  of  its  acid.  The  alum 
of  commerce  generally  contains  much  impure  matter,  particularly  if  kelp  or 
urine  has  been  used  in  the  manufacture.  The  sulphate  of  iron  is,  perhaps,  the 
most  injurious  foreign  ingredient  in  its  composition ;  this  may  be  detected  by 
ferro-prussiate  of  potash.  Alum  is  of  great  use  and  importance  inr  many  pro- 
cesses of  the  arts.  It  is  very  extensively  employed  in  dyeing,  as  a  mordant 
Most  of  the  vegetable  colours  employed  in  dyeing  have  no  affinity  for  the 
material  intended  to  be  dyed.  In  most  of  these  cases  alum  is  employed  as  the 
intermediate  medium  by  which  the  colouring  matter  may  he  fixed,  as  it  has  an 
affinity  both  for  the  material  and  the  colouring  matter.  An  acetate  of  alumina 
is  frequently  employed  by  the  dyer,  instead  of  the  ordinary  sulphate.  The 
acetate  does  not  act  so  corrosively  on  delicate  articles  as  the  common  alum, 
and  its  affinity  for  some  colours  is  greater.  It  is  easily  prepared  by  the  double 
deconiposition  of  a  solution  of  the  sulphate  of  alumina  and  potash,  and  a  solu- 
tion of  the  acetate  of  lead.  When  these  two  solutions  are  mixed  togetlier,  the 
sulphuric  acid  of  the  alum  combines  with  the  lead,  forming  an  insoluble  preci- 
pitate, which  is  sulphate  of  lead,  while  the  liberated  acetic  acid  unites  with  the 
alumina  and  potash,  forming  the  required  acetate,  which  is  separated  by  filtration 
from  the  solid  substance.  If  paper,  linen,  or  wood,  be  soaked  in  a  solution  of 
iJum,  it  is  rendered  nearly  inoomoustible,  and  less  liable  to  be  affected  by  mois* 
ture.  Paper  thus  prepared  is  advantageously  employed  in  wrapping  jnmpowder 
and  is  also  useful  in  whitening  silver.  Alum  has  the  property  of  hardening 
tallow,  for  which  purpose  it  has  been  sometimes  advantageously  employed.  U 
is  used  with  much  success  in  the  preparation  of  skins  for  tannmg,  giving  them 
firmness  after  they  have  become  flaccid  by  immersion  in  the  lime  pits.  Turbid 
water  is  rendered  limpid  and  transparent  by  the  addition  of  a  small  quantity  of 
alum  in  solution ;  its  purity,  however,  is  by  no  means  promoted  by  the  process. 
It  is  usefully  combinea  with  the  salt  by  which  cod  fish  are  cured,  as  it  prevents 
a  deliquescence  which  would  otherwise  take  place.  It  is  used  in  the  manu- 
facture of  London  bread  rather  extensively,  as  it  enables  the  baker  to  employ 
flour  of  inferior  quality ;  the  alum  promotes  a  white  colour  and  closeness  of 
texture  in  the  bread,— qualities  much  admired,  although  they  generally  indicate 
impurity.  It  improves  the  colour  of  the  beautiful  pigment,  Prussian  blue,  and 
is  extensively  employed  in  the  preparation  of  that  article.  In  medicine  it  is 
administered  as  an  astringent  and  tonic,  and  also  as  a  coliyrium.  Alum,  deprived 
bv  heat  of  its  water  of  crystallization,  which,  in  medicine,  is  called  ahtmen  Uitum 
(burnt  alum),  has  been  greatly  extolled  as  a  remedy  in  cases  of  colic,  and  some 
other  disorders.  A  remarkable  substance,  called  Romberg's  pyrophonis,  is 
prepared  from  alum.  Equal  parts  of  alum  and  brown  ^ypBi^  Bxe  melted  over  a 
clear  fire,  and  stirred  constantly  until  the^  become  dry.  When  cold  the  mixture 
is  finely  powdered,  and  placed  in  a  phial  coated  with  day,  having  an  open 
glass  tube  luted  into  its  neck.  This  is  to  be  intensely  heated  in  a  crucible  con- 
taining sand,  when  gas  will  issue  from  the  tube,  which  may  be  inflamed.  When 
this  ceases  to  come  over,  the  cnicible  is  removed,  and  the  tube  stopped  by 
moistened  clay  until  the  bottle  is  sufficiently  cold  to  be  corked.  The  substance 
thus  formed  is  a  black  and  light  powder,  which  takes  fire  when  poured  from  the 
bottle  mto  the  air.  If  poured  into  oxygen  gas  a  more  vivid  combustion  takes 
place. 

AMADOU.   Tliis  substance  is,  perhaps,  better  known  by  the  familiar  appe) 
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lation  of  German  tinder,  and  is  chiefly  emploj'ed  in  procuring  a  li^ht  speedily, 
as  it  ignites  immediately  with  a  feeble  spark  from  the  flint  and  steel,  or  oy  con- 
densation of  atmospheric  air,  and  bums  with  slow  and  smouldering  heat  for  a 
considerable  time.  It  is  formed  of  a  spongy  excrescence,  or  mushroom,  found 
on  old  trees,  particularly  the  oak,  ash,  and  nr.  This  is  washed  and  boiled  in 
fair  water,  and  afterwards  beaten  by  a  mallet  until  it  resembles  veiy  spongy 
leather ;  it  is  then  soaked  in  a  saturated  solution  of  saltpetre,  and  dried  in  an 
oven.  A  good  substitute  for  this  may  be  formed  of  coarse  brown  paper,  soaked 
in  the  solution  of  saltpetre,  and  dried  in  an  oven. 

AMALGAM.     A  combination  of  mercury  with  any  other  metal. 

AMBER.  A  hard,  solid,  semi-transparent  substance,  found  in  several 
mines  of  Prussia,  in  a  bed  of  argillaceous  mineraL  It  is  also  found  in  Poland, 
France,  Italy ;  on  the  shores  of  &e  Baltic  and  Mediterranean,  in  the  neighbour- 
hood of  London,  and  in  various  other  parts.  It  is  generally  considered  to  be 
of  vegetable  origin,  and  to  be  composed  of  bituminous  vegetable  matter  in  a 
state  of  congelation.  The  extraordinary  property  whioh  amber  possesses  of 
attracting,  when  excited  by  friction,  light  bodies,  such  as  feathers,  bits  of 
paper,  pith,  dust,  &c.,  was  known  to  Thales,  the  celebrated  philosopher  of 
Mjletus,  who  flourished  600  years  before  the  birth  of  Christ  The  Greek  term 
for  amber  is  election ;  and  from  this  word  is  derived  the  title  of  our  modem 
Bcience,  electricity,  the  efiect  of  excited  amber  in  attracting  light  substances, 
being  attributed  to  its  elective  powers.  This  mineral  is  found  of  various 
colours,  but  the  most  abundant  is  of  a  deep  yellow  or  oranee.  When  broken, 
the  fracture  is  smooth  and  glos^,  and  it  is  susceptible  of  a  beautiful  polish.  If 
gently  mbbed,  it  emits  a  peculiar  and  a^eeable  odour.  At  a  temperature  of 
650O  Fahr.  it  melts,  and  its  transparency  is  destroyed.  It  is  insoluble  in  water ; 
but  alcohol,  if  highly  rectified,  extracts  a  small  quantity  of  its  colouring  matter. 
Sulphuric  acid  will  dissolve  it,  and  it  may  be  then  precipitated  bv  water.  Pure 
caustic  alkalies  also  dissolve  it,  and  some  of  the  essential  oUs.  Various  speci- 
mens of  amber  have  been  found  containing  portions  of  animal,  vegetable,  or 
mineral  matter,  imbedded  in  the  mass.  This  fact  seems,  to  prove  that  it  has 
once  been  in  the  fluid  state.  From  the  appearance  of  insect  remains  in  amber, 
it  would  seem  that  they  have  attempted  to  escape  from  a  viscid  or  congealing 
mass.  In  some,  the  legs,  or  wines,  only,  have  been  found,  which  seems  to  prove 
that  the  animal  haa  b^n  entan^ed  in  the  viscid  mass,  and  has  left  the  fragile 
parts  of  the  body  in  attempting  to  wade  through  it.  Drops  of  water,  leaves  of 
plants,  native  gold,  silver,  and  various  other  substances,  have  been  found  imbedded 
m  amber.  Dr.  Girtanner  promulgated  a  very  ingenious  opinion  on  the  formation 
of  amber,  which  appears  plausible.  He  imagined  that  a  species  of  ant  called 
formica  rufa^  formed  this  substance  by  the  deposition  of  their  peculiar  wax,  or 
honey.  These  ants  are  found  in  immense  numbers  in  the  pine  forests,  where 
amber  is  obtained  in  the  mineral  state.  The  wax,  although  soft,  hardens  by 
immersion  in  salt  water,  and  then  bears  a  great  resemblance  to  amber.  Dr. 
Brewster,  however,  considers,  from  the  optical  properties  of  amber,  that  it  is 
established  beyond  doubt,  to  be  an  indurated  vegetable  juice.  By  careful  dis- 
tillation, an  empyreumatic  oil,  equal  to  one-thi^  in  weight  of  the  amber,  is 
obtained.  This  oil  is  brown  and  thick  if  a  strong  heat  is  applied,  and  requires 
re-distillation ;  but  if  the  heat  do  not  exceed  212,  and  water  be  employed,  it  is 
limpid  and  colourless.  It  is  used  in  medicine  as  an  antispasmodic.  The  spec 
ffrav.  of  amber  varies  firom  1.065  to  1.100.  For  its  use  in  varaish-making,  see 
Vaenish. 

AMBERGRIS,  or  Ameeroreasb.  A  solid,  opake,  fatty  substance,  found 
on  the  sea-coast,  or  sometimes  floating  on  the  sea,  chiefly  in  the  tropical 
regions.  It  is  of  various  colours,  but  generally  of  a  deep  ash-coloured  yellow. 
It  is  most  frequently  obtained  in  small  fragments,  but  large  masses,  weighing 
from  100  to  180  lbs.  have  been  found.  It  has  frequently  been  discovered  in 
die  intestines  of  the  spermaceti  whale,  and  is  supposed  to  be  the  cause,  or  the 
result  of  disease  in  the  animaL  Healthy  fish,  which  void  their  excrements 
when  they  are  hooked,  seldom  contain  amber ;  but  diseased  fish,  unable  to  per- 
form this  function  when  caught,  generally  yield  it;  and  it  is  almost  always  found 
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in  the  fieoes  of  the  whale  when  dead  and  floating  on  the  waters.  There  can 
be  little  doubt  that  this  substance  informed  in  the  intestines  of  the  animal,  not 
swallowed  by  it  as  some  have  supposed ;  for  no  large  piece  has  yet  been  found 
in  the  whale,  which  does  not  contain  the  beaks  of  the  Sepia  octopodia,  the  com- 
mon food  of  the  spermaceti  whale.  When  first  obtained,  ambergris  has  tibe 
foetid  smell  peculiar  to  the  fseces  of  the  animal ;  but  after  a  short  exposure  to 
the  air  and  washing,  its  odour  is  fragrant,  and  is  increased  by  heating.  It  is 
not  a  little  extraordinary  that  Mr.  Homberg  obtained,  by  long  digestion  of 
human  excrement,  a  substance  which  possessed,  in  a  very  intense  degree,  the 
perfect  smell  of  ambergris.  The  spec  grav.  of  ambergris  varies  from  0.780 
to  0.926.  It  melts  at  144«  Fahr.  and  at  2120  Fahr.  is  volatilized  in  the  form 
of  a  white  vapour.  If  thrown  on  hot  coals,  it  bums  and  is  entirely  dissipated. 
It  is  not  soluble  either  in  water  or  the  acids.  Ether,  ammonia,  and  oil, 
dissolve  it,  but  alcohol  acts  onljr  on  a  portion,  and  is  therefore  useful  in  analyzing 
it  Caustic  alkalies  combine  with  it  and  form  a  soap.  According  to  La  Grange, 
it  is  composed  of  adipocere  resin,  benzoic  acid,  and  coiU.  By  later  analysis  it 
has  been  found  that  some  specimens  do  not  contain  benzoic  acid.  The  alcoholic 
solution  is  used  in  cosmetics,  &c.,  to  communicate  its  peculiar  odour. 

AMETHYST.  A  natural  gem,  of  a  violet  colour  and  great  Inrilliancy,  as 
hard  as  the  ruby  or  sapphire,  from  which  some  say  it  only  differs  in  colour.  The 
Asiatic  are  of  a  deep  purple  hue,  and  are  deemed  the  most  valuable.  The 
Oerman  are  violet.  Some  amethysts  are,  however,  made  colourless  by  art, 
when  they  are  often  mistaken  for  diamonds;  the  superior  hardness  of  the 
latter  will,  however,  enable  any  nerson  to  detect  the  inutation. 

AMMONIA.  A  powetfid  alkali,  sometimes  called  the  volatile.  In  its  pure 
state  it  is  a  gas  transparent  and  coloniless,  and  possessing  all  the  mechanical 
properties  of  ordinary  atmospheric  aur.  Its  smell  is  pungent  and  suffocating, 
and  its  taste  extremely  caustic.  It  extingmshes  combustion,  and  immediately 
destroys  animal  life.  One  hundred  cubic  inches  wei^h  18.16  grs.  Its  spec, 
grav.  IS  0.5964.  If  the  gas  is  passed  through  an  ifi^iited  porcelain  tube,  con- 
taining iron,  it  is  decomposed,  and  its  volume  doubled ;  it  is  then  found  to  con* 
sist  of  14  volume  of  hydrogen,  and  |  volume  nitrop^en,  which  are  condensed 
into  the  bulk  of  one  volume  as  ammoniacal  pfas.  It  is  rapidly  absorbed  by  cold 
water,  which,  when  impregnated  with  gas,  is  called  liquid  ammonia,  or  spirits 
of  hartshorn.  At  a  temperature  of  50,  water  absorbs  about  670  times  its 
vi^ume  of  the  gas,  and  its  spec  grav.  is  reduced  to  0.875.  This  liquid,  by 
heating,  parts  witii  the  ammoniaeal  gas,  hence  it  is  called  the  volatile  alkali. 
The  manufacture  of  liquid  ammonia  is  a  very  important  one.  As  this  alkali  is 
veiy  extensively  employed  in  medicine,  chemistry,  and  the  arts,  we  shall, 
therefore,  briefly  describe  the  process.  Into  a  retort  connected  with  a  series  of 
Wo(^e*s  bottles,  put  two  parts  of  slaked  lime,  mixed  with  one  part  of  muriate 
of  ammonia  (sal  ammoniac).  The  Woolfe's  bottles  must  be  nlled  with  pure 
water,  and  if  they  are  surrounded  by  cold  water,  frequently  renewed ;  if  by  ice, 
a  more  highly  saturated  liquid  will  be  obtained.  The  muriate  of  ammonia  is 
decomposed  by  the  lime,  and  the  ammonia  passM  into  the  water  in  the  bottles 
in  the  state  of  gas,  where  it  is  immediately  absorbed.  The  addition  of  hot 
wateTi  and  application  of  moderate  heat,  ensure  complete  decomposition  of  the 
salt  The  liquid  ammonia  may  be  obtained  by  a  more  direct  process,  but  not 
so  eoonomicaUy.  The  following  mode  is  recommended  by  Mr.  R.  Phillips,  as 
being  superior  to  that  recommended  in  the  London  Pharmacopoeia.  Pour  half 
a  pint  of  water  on  9  oz.  of  well  burnt  lime,  and  when  it  has  remained  in  a  dose 
vessel  an  boor,  add  12  oz.  of  sal  ammoniac,  and  3^  pints  of  boiling  water. 
Fflter  the  solution  when  cool,  and  distil  from  it  20  fluid  oz.  This  will  have  a 
spec.  grav.  of  0.954,  which  is  as  strong  as  it  can  be  conveniently  kept.  The 
spec.  grav.  of  li^juid  ammonia  is  a  sure  test  of  its  strength.  That  above-men- 
tioned will  contam  about  11  per  cent  of  ammonia.  If  the  spec  grav.  be  .850, 
tiie  liquid  will  contain  about  35  per  cent;  intermediate  densities  indicate 
intennediate  proportions  of  ammonia.  The  muriate  of  ammonia,  or  sal  ammo- 
niac, from  which  the  above-described  liquid  is  obtained,  was  formerly  brought 
from  Egypt  almost  axcliuively.-  In  the  neighbourhood  of  the  temple  of  Jupiter 
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Ammon,  were  many  inns  for  the  accommodation  of  pilgrims  and  their  camels. 
From  the  sublimed  dung  of  these  animals  the  salt  was  obtained,  and  its  name 
was  derived  from  the  locality  of  its  manufacture.  In  modem  times,  ammonia 
has  been  procured  by  the  dry  distillation  of  bonee,  boms,  and  other  animal 
matters;  and,  more  recently,  from  the  waste  liquor  of  the  gas  works,  which  con- 
tains large  quantities  of  impure  ammoniacal  salts.  The  muriate  of  ammonia 
is  employed  in  chemical  analysis,  in  dyeinf,  and  in  tinning  or  soldering.  It  is 
the  most  delicate  test  for  the  presence  of  platinum,  and  is  generally  used  by  the 
chemist  to  precipitate  that  metal  from  its  combinations  in  solution.  There  are 
many  other  valuiable  salts  of  ammonia,  the  most  important  of  which  are  the 
nitrate  and  carbonate.  The  nitrate,  when  heated  to  400o  Fahr.  is  decomposed, 
and  yields  the  nitrous  oxide,  or  laughinff  gas,  in  abundance.  It  is  also  used  in 
the  preparation  of  frigorific  mixtures ;  if  mixed  with  an  equal  weieht  of  water, 
the  thermometer  sinks  above  30^  Fidur.  The  carbonate  is  a  userol  chemical 
agent,  and  is  used  in  medicine  as  a  stimulant  This  substance  is  the  common 
imelllns^^alts  of  the  shops.  All  the  salts  of  ammonia  are  decomposed  at  a  red 
heat  Chlorine  decomposes  liquid  ammonia,  or  the  gas,  with  great  energy. 
If  a  bottle  containing  chlorine  gas  be  brought  in  contact  with  the  surface  of 
liquid  ammonia,  the  hydrogen  of  the  latter  substance  combines  with  the  chlo- 
rine, formine  muriatic  acid,  which  unites  with  another  portion  of  ammonia,  and 
nitrogen  is  left  in  the  bottle.  If  this  experiment  be  formed  in  a  dark  room,  a 
flash  of  light  will  be  seen  at  the  moment  of  combination.  If  the  mouth  of  a 
bottle  containing  chlorine  gas  be  broueht  in  contact  wiUi  the  mouth  of  anothei 
containing  ammoniacal  gas  they  combine  with  explosive  violence,  a  flash  and 
report  accompany  the  action,  and  the  bottles  are  sometimes  broken. 

AMMONIAC  GUM  is  a  concrete  gummv-resinous  juice.  This  gum  has  a 
nauseous  sweetish  taste,  succeeded  by  a  sensation  of  bitter,  somewhat  resembling 
ffalbanum,  but  more  gratefuL  It  is  usually  brought  from  the  East  Indies,  in 
large  masses  composed  of  lumps,  or  tears ;  it  acquires  a  yellowish  appearance 
on  exposure  to  the  air.  When  chewed,  it  softens  m  the  mouth,  and  becomes  oi 
a  white  colour.  It  may  be  partially  dissolved  in  water,  or  in  vinegar,  with 
which  it  assumes  the  appearance  of  milk ;  but  the  resinous  part,  amounting  to 
about  one-hal^  subsides  when  suffered  to  rest  In  medicine,  it  is  prescribed  for 
removing  obstructions  of  the  abdominal  viscera;  in  hysterical  complaints,  and 
in  long  and  obstinate  colics,  proceeding  from  viscid  matter  lodged  in  the  intee- 
tines.  Externally,  it  is  used  for  the  purpose  of  discussing  indolent  tumours ; 
and,  with  a  mixture  of  sijuill  vinegar,  forms  a  plaster  sometimes  successfully 
applied  in  the  case  of  white  swellings. 

ANACARDIUM.  The  cashew-nut  tree ;  a  genus  of  plants  of  the  class 
Enneandria,  and  order  Monogynia.  At  one  extremity  of  the  fruit  of  this  tree 
there  is  a  flattish  kidne^-shajMSd  nut,  between  which  and  the  shell  is  a  small 
quantity  of  liquor,  which  is  useftd  for  marking  Unen,  being  veiy  black  and 
durable. 

ANACLASTIC  GLASSES.  A  kind  of  sonorous  ghMses,  chiefly  made  in 
Germany.  They  have  the  property  of  being  flexible,  and  emitting  a  vehe- 
ment noise  by  tne  human  breath.  The  anadastic  glasses  are  a  low  kind  of 
phials,  with  flat  bellies,  resembline  inverted  funnels,  whose  bottoms  are  veiy 
thin,  scarcely  surpassing  the  thickness  of  an  onion-peel ;  this  bottom  is  not 
quite  flat,  but  a  little  convex.  On  applying  the  mouth  to  the  orifice,  and 
gently  inspiring,  or,  as  it  were,  sucking  out  the  air,  the  bottom  gives  way  with 
a  tremendous  crash,  and  the  convex  becomes  concave.  On  the  contraiy,  upon 
expiring  or  breathine  gently  into  the  orifice  of  the  same  glass,  the  bottom, 
with  no  less  noise,  bends  back  to  its  former  place,  and  becomes  gibbous  as 
before. 

ANACLASTICS.  That  part  of  Optics  which  considers  the  refraction  of 
light,  and  is  commonly  callea  Dioptrics. 

ANCHOR.  A  heavy  curved  instrument,  used  for  retaining  ships  in  a  required 
position.  The  forms  of  anchors,  and  the  materials  of  which  they  are  made,  are 
various.  In  many  parts  of  the  East  Indies  tibe  lower  part  of  the  anchor  is 
formed  of  a  cross  or  a  very  strong  and  heavy  kind  of  wood,  the  extremities  of 
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which  are  made  pointed.  About  the  middle  of  each  arm  of  the  cross  is  inserted  a 
long  bar  of  the  same  wood,  the  upper  ends  of  which  converge  to  a  point,  and  are 
•ecured  either  by  ropes  or  an  iron  hoop,  and  the  space  between  the  bars  is  filled 
up  with  stones  to  make  the  anchors  sink  more  deeply  and  readily.  In  Spain, 
and  in  the  South  Seas,  anchors  are  sometimes  formed  of  copper,  but  generally 
in  Europe  they  are  made  of  forged  iron.  Anchors  ma^  be  divided  into  two 
dasses — ^moonng  anchors,  and  ships'  anchors.  Moonng  anchors  are  those 
which  are  laid  down  for  a  permanency  in  docks  and  harbours,  and  are  consi- 
derably heavier  than  ships'  anchors,  from  which  they  differ  in  form,  having 
sometimes  but  one  arm,  and  sometimes,  instead  of  arms,  having  at  the  extremity 
A  heavy  circular  mass  of  iron  and  no  stock;  these  latter  are  called  mushroom 
anchors.  The  general  form  of  ships' 
anchors  is  shewn  in  the  annexed 
figure,  a  is  a  long  bar  of  iron, 
called  the  shank,  from  the  lower 
extremity  of  which  branch  two 
curved  arms  6  6  in  opposite  direc- 
tions, and  forming  an  ande  of  60<> 
each  wi&  the  shimk.  l^n  each 
arm,  towards  the  end,  is  laid  a 
thick  triangidar  piece  of  iron  c  c, 
termed  the  Jbtke.  In  the  upper 
end  of  the  shank  is  an  eye,  through 
which  passes  a  ring  d,  to  which  the 
eMe  is  attached.  The  stock  e  is 
composed  of  two  strong  beams  of 
wooo,  embracing  the  shank  imme- 
diately below  the  ring,  and  secured 
together  by  iron  hoops  and  tree- 
nails; the  stock  stands  at  right 
angles  to  the  plane  of  the  arms, 
and  serves  to  guide  the  anchor  in 
Its  descent,  so  as  to  cause  one  of 
the  flukes  to  enter  the  ground. 
Ships  axe  generally  provided  with 
three  lai^  anchors,  named  the 
best  bower,  the  small,  and  the 
sheet  anchor;  a  smaller  anchor, 
termed  the  stream  anchor;  and 

another,  still  smaller,  named  the  kedge,  which  latter  has  generally  an  iron  stock 
passing  through  an  e^^e  in  the  shank,  secured  thereto  by  a  key,  or  forelock, 
which  admits  of  its  bein^  roadily  displaced:  its  principal  use  is  in  changing  the 
position  of  a  ship  in  harbour,  and  in  an  operation  termed  kedging.  From  the 
great  mass  of  iron  in  large  anchors  (some  weighing  from  3  to  4  tons),  the  pei^ 
feet  forging  of  them  becomes  a  matter  of  much  difficulty;  as  from  the  groat 
heat  necessuy  to  weld  such  masses,  the  iron  is  liable  to  Income  **  burnt,"  as  it 
is  termed.  Workmen  also  cannot  always  observe  what  u  going  on  in  the  fbree, 
whero  the  iron  is  exposed  to  ignition  from  the  blasts  of  the  bellows,  or  to  tne 
presence  of  sulphur  m  quantity  among  the  coals.  When  the  welding  of  a  large 
mass,  like  the  shank  of  an  anchor,  is  to  be  completed  by  the  sledge  hammer, 
the  workmen  are  subjected  to  a  scorching  heat  radiatm?  therefrom,  which 
renders  it  impossible  to  make  a  very  close  inspection,  and  &e  consequence  fre- 
quently is,  the  beating  up  of  cinders  within  the  hody  of  the  iron.  To  this  cause,  and 
to  burning,  may  be  often  attributed  the  breaking  of  anchors,  followed  too  fre- 
quently by  a  distressing  loss  of  lives  and  property.  Many  attempts  have  been 
made  of  late  years  to  construct  anchors  not  liable  to  these  defects,  by  dividing 
the  mass  into  separate  parts,  and  by  a  more  judicious  arrangement.  The 
following  is  the  invention  of  Mr.  Hawkes,  a  surveyor  of  slupping,  in  the 
Commercial-road,  London. 
Mr.  Hawkes  observes,  <*The  anchors  at  present  in  use  arc  male  by  forming 
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the  shank  and  ftukes  separately ;  nnd  by  the  rapid  action  of  heavy  haniinen»  they 
are  united  or  welded  into  each  other,  and  the  cable  is  fastened  to  a  ring  passed 
through  the  shank  sideways.  The  stocks,  if  of  wood,  are  let  or  soorea  over 
each  side,  and  bolted  and  hooped  over  the  shank  of  the  anchor;  if  of  iron,  the 
eye  or  hole  for  it  is  formed  bv  punching  a  hole  through  the  shank  of  the  andior ; 
the  palms  are  made  separately,  and  welded  on  to  the  flukes.  The  improvement 
consists  in  making  one  fluke  and  half  the  sluuik  in  one  length,  and  to  oend  them 
to  the  form  required,  and  then  hooping  the  two  halves  togeOier.  This  method  of 
making  the  anchor  in  separate  parts,  admits  of  the  forming  of  a  groove  up  the 
middle  of  the  shank,  for  a  chain  to  pass  through,  and  of  an  eye  of  petii 
strength  for  the  reception  of  a  wooden  stock,  which  is  also  made  in  two  pieces, 
and  passed  into  the  shank  in  reverse  directions  ;  these  having  iron  shoulders 
abutting  against  the  eye,  are  kept  immovably  in  that  position  ny  being  braced 
together  with  an  iron  hoop  at  each  end.  The  construction  is  shown  in  the  aaneied 
en^aving.  a  the  cable  ring; 
b  the  eye  which  holds  the 
stock,  made  out  of  the  whole 
substance  of  the  shank,  by 
bending  each  of  the  halves 
into  a  semicircle,  in  opposite 
directions.  The  anchor  is 
shewn  to  be  divided  into  two 
equal  parts,  by  a  line  which 
passes  down  the  middle  of 
the  shank,  as  at  o  o  ;  c  the 
wooden  stock,  made  also  in 
two  equal  parts  (as  before 
described),  and  firmly  se- 
cured in  their  places  by  the 
hoops  and  shoulders;  dddd 
are  four  strong  hoops  whicli 
bind  the  shank  together;  the 
upper  one  is  made  square, 
ana  the  others  circular;  a 
portion  of  the  shank  is  sup- 
posed to  be  removed,  to  ex- 
nibit  the  situation  of  the 
chain  which  passes  up  the 
centre,  and  is  connected  at 
the  upper  end  to  the  cable 
ring,  and  at  the  lower  end 
to  ue  buoy  rine.  /,  in  the 
small  separate  figure,  gives 
A  transverse  section  of  the 
shank  of  the  anchor,  show- 
ing  it  to  be  of  an  oval  form, 
the  longest  diameter  of  which  is  in  a  line  with  the  flukes ;  tliis  figure  conferring 
upon  it  mat  strength  to  withstand  the  powerful  stmins  to  which  an  anchor  is 
frequenUy  eiroosed  in  that  direction.  A  A  are  the  pahns,  bolted  to  the  respective 
flukes,  eaich  of  which  is  connected  in  one  piece  with  a  brace  1 1,  passing  in  oppo- 
site directions  round  the  shank  of  the  anchor,  thereby  strenethening  the  flukes 
in  a  great  degree,  and  giving  a  collateral  support  to  each  half  of  the  anchor 
A  is  a  strong  plate  of  iron  bolted  on  to  the  crown ;  /  the  buoy  ring." 

An  anchor,  difirerine  materialljr  in  form  and  construction  from  the  ordinary, 
was  invented  by  Mr.  fu  F.  Hawluns,  and  is  represented  in  the  subjoined  en- 
^[ravings.  The  shank  of  the  anchor  a  is  forked  at  the  lower  part  or  crown, 
mto  two  parts  or  loops  b  and  c,  in  each  of  which  is  formed  a  hole  or  eye ; 
between  the  loo|)s  is  a  block  of  iron  d,  termed  a  crown  piece,  having  a  circular 
aperture  to  receive  the  arms,  and  a  square  aperture  at  right  angles  to  the  former, 
into  which  is  screwed  a  stout  bar  of  iron  e,  termed  a  toggle,  projecting  equally 
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on  each  side  of  the  crown  piece ;  on  the  end  of  the  crown  pieoe,  opnonte  to 
that  in  which  is  inserted  the  toggle,  is  a  ring  /  for  the  buoy  rope.  The  arms 
g  kaie  formed  in  one  piece,  and  before  the  palms  i  i  are  attached,  one  end  of 
the  arms  must  be  passed  through  the  eyes  in  the  loops  of  the  shanks,  and  through 
the  eye  of  the  crown  piece ;  m  palms  are  then  to  be  put  on,  and  must  both 
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Fig,  2. 
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lie  in  tne  same  plane ;  after  which  the  arms  are  to  be  curved  in  the  same  plane 
with  the  palms.  The  crown  piece  is  firmly  keyed  to  the  arms,  and  the  toggle 
must  be  of  such  a  length  and  form  as  to  make  it  bear  firmly  against  the  ford 
part  of  the  fork  in  the  shank,  so  as  to  prevent  the  crown  piece  and  arms  from 
turning  round  upon  it,  and  to  retain  them  at  an  anele  of  50o  with  the  shank. 
When  the  anchor  is  let  go,  one  end  of  the  toggle  wm  come  in  contact  with  the 
ground,  which  puts  the  flukes  in  a  position  to  enter;  and  when  the  strain  is 
imon  the  cable,  that  end  of  the  toggle  which  is  upwards  comes  in  contact  with 
the  throat  of  the  shank,  and  sets  the  anchor  in  the  holding  position,  as  shown 
in  perspective  at  F^.  3.  The  advantage  of  this  mode  of  constructing  anchors 
Is,  that  both  arms  Ae  the  ground,  and  therefore  the  weight  of  metal  mav  be 
dhninished,  and  yet  an  equ^  if  not  a  greater,  effect  be  obtained ;  also  as  there 
28  no  stock,  and  no  projecting  upper  nuke,  there  is  little  risk  ^fouSng,  as  it  is 
termed ;  that  is,  of  the  cable  entwining  round  the  arms.  The  only  objection 
which  occurs  to  us,  is  the  probability  uat,  when  at  single  anchor,  it  might  not 
BO  readily  turn  in  the  ground  at  the  turn  of  the  tide,  as  the  ordinary  anchor, 
and  therefore  might  be  likely  to  trip ;  but  for  moorings  we  have  no  doubt  that 
it  would  be  found  very  effective. 

An  anchor  upon  a  similar  principle,  but  of  a  somewhat  different'  con- 
struction, was  invented  by  Mr.  Soames,  a  front  and  side  elevation  of  which 
is  exhibited  in  the  subjoined  cuts.  In  this  anchor  there  b  but  one  fluke  tf, 
which  is  T  shaped,  and  works  on  a  pivot  in  a  triangular  frame,  composed  of 
the  two  sides  b  and  e,  forged  in  one  piece,  and  a  stay  d^  which  serves  as 
a  stock; //are  loops,  or  eyes,  for  tne  reception  of  the  chains  that  unite 


Ae  ring  g,  to  wbieh  the  cable  ii  to  be  fartened.     For  general  purpoM^ 

this  anchor  ia,  perbnp^  preferable  to  tbe  former,  it  being  free  from  Um  objactJoii  w« 

made  Co  that  one,  aa  it  admits 

of  detaching  the  arm,  which 

render*   it   more  conTenient 

to  atow  away  ;   alw,  aa  the 

abank  is  farmed  in  two  parta, 

inatead  of  one  of  equal  area, 

they  are  more  eaail;  forged, 

•oundlvi  and,  coniequently, 

1m(  li^e  to  breakage. 

The  anchor  Invented  bjr 
UeuL  W.  Ro^en,  R.N.  bde- 
•erving  of  notice  in  thia  {dace. 
Its  main  peculiarity  conaiita 
in  ita  having  a  hollow  abank, 
formed  out  of  liz  ban  of  iron, 
of  nich  a 

'ethefi 


iectiv 

tbe  Lugeit  din 


.  The 
ra  ahall  deaeribe 
with  reference  to  tbe  nibjoined 
figure*.  lig,  1  repreeanta 
a  lide  view  of  the  anebor, 
and  iW.  3  a  plan  of  the  atocL  The  two  prlndpal  pieeca  a  a  bk  bent  bo 
u  to  form  a  part  of  the  armi  or  flukea ;  toe  other  four  arc  formed  into  a 
boHow  tuba  A  A  (aa  abowa  in  •ectiaa  at  /^  3)  for  a  centrepiece,  and  the  wbol* 
FI.S.  Fig.i. 
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are  firmly  welded  together  at  both  ends  of  the  abank.  Tbe  Intermediate  parte 
are  secured  by  ttrong  hoopa  ■  t,  so  that  every  piece  must  bear  its  proportion  of  tbe 
entire  slrain.  The  patentee  states,  that  so  great  is  the  str«n^  thus  obtained  for 
the  shank,  that  both  ana*  have  txen  broken  offhy  tbe  lestuig  machine,  without 
altering  the  stunk  in  the  leoit  decree.  On  the  1 1  th  of  June,  1 829,  an  experi- 
ment was  made  at  the  Gateshead  tron-works,  in  the  pretence  of  several  respect- 
able ship-owners,  when  the  patent  anchor,  weiching  9  cwt.  19  qn.  4  lbs.  broke 
in  succesnon  the  following  anebor*  on  the  old  construcdon,  without  receiving 
the  least  injury ;   viz.  one  of  10  cwt  3  qr*.  4  tbr.  for  hempen  cables ;   one  of 


il  to  be  lued  with  chain  caUei ;  but  when  hempen  cables  are  to  be  used,  a 
da  connected  to  the  ihackle  cb7anadditionalihMUeuid  bdtc  The  anchor- 
■lock/ may  be  formed  either  of  a  lingle  piece,  or  of  twopiecei  hooped  together, 
aid  il  lecuied  in  iti  place  as  foUowi :  The  bolt  and  shackle  e  being  withdrawn, 
the  tmall  end  of  the  (hank  i«  pused  through  the  eje  trf'  the  stock  /,  (which  is 
defended  by  an  iron  plate  g  on  each  tide);  the  collar  A  is  then  put  oxer,  and 
the  stock  il  keyed  up  against  (he  hoop  t  by  the  forelock  key  i  psaiing  through 
a  hole  in  the  ihenk ;  by  this  means  the  anchor  may  be  stocked  or  unslocked 
without  the  assistance  of  a  carpenter,  which  it  a  great  recommeDdation,  as 
a  considerable  length  of  time  is  required  to  stock  an  anchor  in  the  common 
way.  These  anchors  have  been  prettjr  extensively  adopted,  and  several  parties 
who  have  made  trial  of  them  have  given  satisfacloiy  cettiGcates  of  their  effl- 
dency.  In  conneiioa  with  improvements  on  anchors,  it  may  not  he  altogether 
out  of  place  to  mention  some  improvemenll  in  the  method  in  lettiiw  them  go. 

Two  improved  methods  of  letting  go  anchors  are  described  in  the  I\rtnuaeliont 
af  tht  Society  ^  ArU.  The  princi^e  ii  the  tame  in  each,  and  consists  in  nip- 
porting  the  end  of  what  is  termed  the  standbg  part  of  the  cat-bead  stopper  and 
•bank-painter,  by  holts  turning  upon  pivots,  and  retained  in  a  proper  position 
by  •  catch,  which  being  withdrawn,  the  bolt  turns  upon  its  pivot,  and  the  stopper 
■Eps  o^  by  which  means  all  risk  of  jammins  the  turn*  of  the  stopper  (ai  in  the 
common  method  oflettinggo  the  running  end)  is  avoided;  the  danger  to  the  men 
on  the  forecastle  is  done  away,  and  the  anchor  can  be  let  go  at  a  moment's  warning. 

The  arrangements  in  each  of  these  inventions  being  the  same,  whether 
applied  to  cat-head  stoppers  or  shank-painters,  we  shall  therefore  show  one  in- 
venliDQ  as  applied  to  cat-head  stoppers,  and  the  other  to  shank-pain lere.  Tlie 
lutgoinej  cuts  show  Capt  Burton  s  method  of  letting  go  a  cat-head  stopper    o 


w  the  cat-head ;  fi  e  a  bolt,  tnmiug  upon  a  pilot  ii  the  etld  c  forms  an  oblique 
jJane,  and  is  held  down  b^tbe  clamp  e  turning  upon  a  pivot  ^  the  clamp  being 
secured  by  a  hasp  g  and  pm  k.  ■  is  the  standing  end  of  the  stopper,  having  an 
eye  fbrmed  in  it,  which  passes  over  the  end  h  of  the  bolt  &  c ;  the  other  end  of 
the  stopper  passes  through  the  ring  of  the  anchor,  and  over  the  thumb-cleat  i, 
and  ii  made  fast  round  the  timber-head  /.  When  it  is  required  to  let  go  the 
anchor,  a  hand'spike  is  insetted  between  the  thumb-cleat  i,  so  as  to  nip  the 
damp  t,  and  the  hasp  g  is  cast  off;  then  upon  witjidnwine  the  hand-spike,  the 
bolt  Deiag  no  longer  neld  by  the  chunp  t,  turns  upon  its  pivot  i,  by  the  weight 
of  the  anchor  oik  the  stopper,  and  the  eye  of  the  stopper  slips  off  the  end  of  the  bolt 


le  stopper, 
The  following  cut  reprei 
Mtnter.    /W-  1  is  an  eieva 


stopper  slips  off  the  end  I 

ees  invention  f     '  '  ' 
3  the- plan,     a  i 
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bol  ted  throush  theihip'tdde, 

and  TOppOTting  the  nook  b  Fig.  1.  j=r 

by  «  pin  or  pirot  ate;   da 

■  lever  turning  upon  ■  centra 

f.  the  end  d  being  fonned 

*!. 1 1 I.:.!.  .1.»..fVa 


Lo  a  hook,  vhich  deipi  t 

upper  end  of  the  bolt  I,  tne 

lover  being  retained  in  the 

poiilion  s^vn  in  the  plan, 

bv  B  pin  ; ,-  k  \*  part  of  a   Fig.  2. 

chain  forming  the  ttuiding 

part  of  the  ihank-paioter, 

and  supported  by  the  bolt  h. 

To  the  other  end  of  the  chain  is  tnlleed  the  nmning  part  of  the  ihank-pa 

which  passes  round  the  (hank  of  the  anchor,  and  i*  made  faat  to  a  timbei^head. 

When  It  ii  required  to  let  go  the  ihaok-iiainter,  an  Iron  bar  ii  inserted  into  lh« 

end  a  of  the  lever  dt,  which  iaraade  hollow  lor  thopurpoM,  and  the  pin  ;  being 

withdrawn,  the  lever  t>  turned  round  iti  centre  until  the  bolt  is  released  from 
the  hook  d,  when  it  falls,  and  the  chain  end  of  the  ihank-painter  ilips  off. 

ANCHUSA.  Yellow  anchiua,  or  blue-flowered  bugloss.  The  jnice  of  its 
corolla  or  flower,  give*  out,  on  the  addition  of  acids,  a  beaulilul  green.  An 
inftinon  of  these  flowen  b  given  in  inflammatory  bilious  diaeases. 
ANIL.  The  plant  from  which  indigo  is  prepared.  See  I^□IQo. 
ANIME  ii  a  resbou*  substance,  eommerddly,  but  impropedy,  called  mm 
anime ;  for,  like  resios,  it  is  totally  soluble  in  alcohol,  and  also  in  oil,  while 
water  will  not  take  up  mare  than  a  aizteenth  part  hj  weight.  There  are  two 
kbds,  distinguished  by  the  terms  oriental  and  occidental.  The  former  i«  dry, 
and  of  colours  varying  from  green  to  red  and  brown.  The  latter  is  of  a  jel- 
lowish  white,  transparent,  and  lomewbai  uncluons,  tears,  and  partly  in  largo 
manes,  britde,  of  a  light  pleasant  taste,  easily  melting  in  tbe  w,  and  burning 
with  an  agreeable  smell.  Tlie 
•pirit  of  the  alcoholic  solution, 
when  drawn  off  by  distillation, 
preserves  the  iMte  and  flavour 
of  the  anime ;  the  distilled  water 


il.  This  resin  ia 
itmch  uted  in  perfiimery.  It 
has  also  been  imagined  to  he  of 
important  service  in  plasters,  em- 
ployed to  relieve  nervous  affec- 
tiMUof  the  head  and  other  parts. 
ANEMOMETER-  An  in- 
■trnntent  foe  measuring  the 
strength  or  velocity  of  the  wind. 
Among  various  machines  which 
have  Seen  constructed  for  this 
purpose,  the  following  one  has 
been  found  to  answer  very  well. 
It  consisia  of  an  open  frame  a  6  e, 
supported   by  a  shaft  d,  upon 


the  wind  upon 
ore  sails,  flxed  ' 


the  action  of 
J  vane  «.    // 

end  of  the 


axis  0,  and  disposed  to  be  iuflu^ 
enced  by  the  wind  in  the  usual 
manner.  Upon  this  axis  is  also 
fixed  a  conical  barrel  of  wood  li  i, 
on  the  smaller  end  of  which  * 
Is  attached  a  line  J,  with  a  we%lit 
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appended  to  iL  The  wind  acting  upon  the  tails,  cauaee  (he  Iwrrel  to  revolve, 
and  the  line  to  be  wound  up  on  iti  luperliceB.  To  prcvrnt  any  retrograde  motion, 
a  ratchet  wheel  o  a  fixed  to  the  baee  or  larger  end  of  the  cone,  having  a  clicker 
£dling  into  the  notches  u  it  revolves.  It  is  evident  that  the  power  of  Uie  weight ' 
wiU  continually  increase  as  the  line  advances  towards  the  base  of  the  cone,  as 
the  weight  acts  at  a  greater  distance  from  the  axis  or  fulcrum ;  consequently, 
the  variable  force  of  the  wind  may  he  readily  ascertained  by  fixing  the  line  at 
the  smallest  end,  and  marking  the  barrel  with  tpiral  lines,  as  token  up  by  the 
coiling  of  the  rope  round  its  guperficies,  placing  also  between  the  lines  numerals 
to  denote  the  force  of  the  wino,  which  may  t^  calculated  with  tolerable  pre- 
cision upon  the  principles  of  the  lever,  'rhe  diameter  of  the  cone  should  be 
such  in  comparison  with  its  amallest  end,  that  the  force  of  the  strongest  wind 
should  have  scarcely  sufficient  force  to  bring  Jhe  Une  on  to  the  base  of  (he 

Aithoi^h  the  instrument  above  described  gives  an  accurate  idea  of  the  com- 
parative Krce  of  the  wind  at  different  times,  it  does  not  point  out  the  actual 
force  exerted  on  a  given  surface,  nor  can  observations  mode  with  one  instrument 
in  a  particular  place,  he  compared  with  observations  made  by  another  instru- 
ment elsewhere.  It  is  also  cumbersome,  and  not  portable.  In  the  PhilmopMeal 
T^aiaaetiont  for  1775,  Dr.  Lind  gives  a  description  of  a  very  ingenious  portable 
wind  gange,  which  indicates  the  actual  force  of  the  wind  by  the  column  of  water 


lei*  than  8  or  9  inches  long,  the  bore  of  each  i 
being  about  |^  of  an  inch  diameter,  and  cannfiited 
toother  by  a  imall  bent  glass  tube  t  of  about  only 
L  of  an  inch  bore,  to  check  the  undulations  of  the 
water  caused  bv  a  sudden  ^1  of  wind.  On  the 
upper  end  of  the  Cube  a  £  is  fitted  a  thin  metal 
tube  f  which  is  bent  at  right  angles,  and  has  ila 
mouth  open  to  receive  the  wind  blowing  into  it 
boriiontally.  The  two  branches  of  the  lube  are 
at  liber^  to  turn  round  a  sttel  spindly;,  which 
passe*  through  two  slips  of  hrUi  h  ■  near  the  lop 
and  bottom  of  the  instrumenL  The  spindle  is 
fixed  into  a  block  of  wood  hy  a  screw  In  Its  bot- 
tom. When  the  instrument  is  used,  a  quantity 
of  water  is  poured  in  until  the  tubes  are  about 
half  faU,  and  the  instrument  being  then  held 
perp«D^calarly,  with  its  mouth  exposed  to  the 
wind,  the  water  will  be  depressed  in  the  tube  a  b, 
and  popOTtionably  elevated  in  the  tube  e  d;  and 
the  distance  between  the  surfaces  in  the  two  tubes 
mesunred  by  a  sliding  scale  of  inches,  and  parts 
t  attached  to  the  inttrumeot,  will  be  the  height 
tif  ■  coluan  of  water  which  the  wind  is  capable 
of  firrt  lining  at  that  time ;  and  u  a  cubic  foot  of 
water  weighs  1000  oi.  or  62}  lbs.  nearly,  the 
twelAh  part  of  which  is  Sj;  Iba.,  therefore  every 
inch  the  surface  of  the  water  is  raised,  the  force 
rf  the  wind  will  be  equ«l  tosomany  timesij^lbt. 
on  the  square  foot  Thti  instrument  shows  the 
fvtce,  but  not  the  wfoeity,  of  the  wind ;  hut  as 
the  force  is  as  the  square  of  the  velocity,  if  the 

Teloci^due  taagivenforceheasoertained,  a  table  of  (be  Telocitiei  corresponding 
to  eaco  inch  the  water  is  elevated,  may  ba  calculated  and  engraved  upon 
the  scale  of  equal  parts.  The  following  table,  showing  the  corresponding 
fa^ht  of  water,  velocity  of  the  wind,  and  the  force  exerted  upon  a  square 
foot  of  surface,  hai  been  calculated  from  some  ezperimenti  mads  by  Dr. 
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Height  of  Water.  Foita  of  Wind.  VelodtT  ptr  Hour. 

iBclm.  lbs.  IfdM. 

i 1.3     18 

1     5.2 36 

3 15.6 62 

4 20.8  76 

5  > 26 80.4 

A 31.25  88 

7 36.5 95.2 

8     41.7 101.6 

9     46.9 108 

10     52.1     113.6 

11     67.3     119.2 

12 62.5     124 

ANISEED.  A  medicinal  seed  produced  from  a  species  of  pimpinella  wliich 
grows  naturally  in  Egypt,  Syria,  and  other  eastern  countries.  In  France  it  ia 
cultivated  for  culinary  and  medicinal  uses.  Aniseeds  are  roundish  and  striated, 
flatted  on  one  side,  and  pointed  at  one  end ;  of  a  pale  colour,  inclining  to  green. 
They  have  an  aromatic  smell,  and  a  pleasant  warm  taste.  Their  virtue  is 
entirely  given  out  to  alcohol,  when  it  forms,  combined  with  syrup,  the  well- 
known  cordial  of  this  name. 

ANNEALING.  The  process  by  which  metallic,  and  other  mineral  produc- 
tions, are  converted  from  a  brittle  to  a  comparatively  tough  quality,  presumed 
to  be  caused  by  a  new  arrangement  of  their  constituent  particles,  in  a  con- 
siderable numoer  of  bodies  that  will  bear  ignition,  it  is  found  that  sudden  cooling 
renders  them  hard  and  brittle,  while,  on  the  contrarv,  if  they  are  allowed  to 
cool  veiy  gradually,  thev  become  softened  or  anneafed.  We  have,  however, 
noticed  several  alloys  of  copper  (brass  in  particular)  in  which  sudden  cooling 
has  the  reverse  effect^  that  oi  annealing  it.  The  process  of  annealing  reouirea 
some  address  and  experience  to  perform  it  in  the  best  manner;  ana  vanes  in 
the  degree  of  heat  applied,  as  welt  as  in  the  period  of  cooling,  according  to  the 
nature  of  the  metal  or  other  substance  operated  upon.  In  the  annealing  of 
steel  and  iron,  the  metal  is  heated  to  a  low  redness^  and  suffered  to  be  gradually 
reduced  in  its  temperature,  covered  up,  on  a  hearth.  Ovens  are  constructed 
for  this  purpose,  wherein  the  pieces  or  metal,  according  to  their  masstveness, 
and  the  quality  it  is  desired  they  should  possess,  are  placed  and  retained  at  a 
low  heat  for  davs,  and  sometimes  weeks  together.  The  annealing  of  glass  is 
performed  precisely  in  the  same  manner. 

ANNOTTA.  The  pellicles  of  the  seeds  of  a  lilaceous  shrub.  The  annotta  com- 
monly met  with  among  us,  is  moderately  hard,  of  a  brown  colour  on  the  out- 
side, and  a  dull  red  within.  It  is  used  for  giving  an  orange  cast  to  the  simple 
yellows ;  as  an  ingredient  in  varnishes ;  and  bMides  its  use  in  dyeing,  is  em- 
ployed for  colouring  cheese. 

ANTURACIT£  a  species  of  coal  called  by  a  variety  of  names,  of  which 
the  most  common  are,  stone  coal,  blind  coal,  fiance  coal,  Kilkenny  cod.  There 
are  several  varieties,  and  theypossess  generally  the  property  of  burning  without 
flame  or  smoke.    See  Coal,  ^rm acb,  and  Stovb. 

ANTI-ATTRITION.  A  patent  for  a  composition  under  this  name  was 
taken  out  in  this  country  some  years  back :  it  was  introduced  as  a  substitute  for 
lul  or  grease,  in  lubricating  the  axle-trees  of  carriages,  and  is^  of  course,  equally 
applicable  to  the  rubbing  parts  of  other  machinery.  Its  composition  is  sunply 
a  mixture  of  hog's  krd  with  "black  lead"  (plumb^),  in  the  proportion  of  four- 
parts  of  the  former  to  one  of  the  latter.  It  appears  from  a  Munich  journal,' 
that  the  manufiusture  of  this  article  in  Germany  is  conducted  with  more  exact- 
ness ;  ten  and  a  half  parts  are  there  melted  over  a  moderate  fire,  when  two 
parts  of  finely  powdered  and  sifUd  plumbago  are  to  be  added  by  degrees,  and 
be  well  stirred  with  a  wooden  spatula,  until  the  incorporation  m  the  two  sub* 
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■tanew  it  uniform  and  complete ;  the  mixture  is  then  to  be  taken  from  the  fire, 
and  the  sturrinff  continued  until  it  is  quite  cold«  to  prevent  the  subsidence  of  the 
plumbago.  When  this  compositioo  was  applied  oy  means  of  a  bradi  in  the 
cold  state  to  pivots  and  toothed  wheels,  the  expense  was,  in  consequence,  found 
to  be  reduced  from  six  florins  twenty-nine  kreutaers,  to  one  florin  thirty 
kreutzcrs. 

ANTIMONY.  A  brilliant  white  metal  of  a  Luninated  or  striated  texture. 
It  is  very  brittle^  and  cannot  be  rolled  into  sheets,  or  drawn  into  wire.  The 
spec  grav.  of  the  metal,  is  6.712 ;  it  melts  at  810^,  and  crystallizes  in  pyramids 
when  coolinff.  At  an  intense  heat  it  is  voUtilised.  The  ores  of  antimony  are 
chiefly  found  in  the  north  of  Europe.  There  are  several  varieties,  but  the  sul- 
phnric  or  grey  antimony  is  the  most  abundant,  and  yields  the  mtetal  of  com- 
merce. It  is  reduced  to  powder,  and  heated  in  a  reverberatoiy  fiunaoe ;  the 
melted  sulphuret  then  flows  from  the  infusible  stony  or  earthy  matter,  and  is 
then  smelted  and  purified.  The  metal  is  used  in  the  manufacture  of  printers' 
types,  music  plates,  specula  for  telescopes,  and  is  a  component  of  several  useful 
alloys.  See  Allot.  A  difference  of  opinion  exists  among  chemists  respecting 
the  number  of  oxides  of  antimony,  some  being  of  opinion  that  there  are  only 
two ;  others,  among  whom  is  Berxelius,  ihai  there  are  four.  We  shall  only 
describe  here  the  two  which  appear  indisputable.  To  obtain  the  protoxide, 
diHolve  the  metal  in  muriatic  acid,  and  pour  it  into  a  huge  quantity  of  distilled 
water;  this  separates  the  protoxide  as  a  white  precipitate,  which  must  be  washed 
with  a  weak  solution  of  carbonate  of  potash,  to  remove  any  muriatic  acid  it  may 
contain.  This  is  the  basis  of  all  the  useful  antimonial  medicines.  The  per- 
oxide may  be  obtained  by  digesting  antimony  in  nitric  acid,  and  dtying  the 
white  powder  which  results  at  a  moderate  heal  Antimony  is  soluble  in  most 
of  the  acids^  and  combines  also  with  chlorine,  iodine,  phosphorus,  and  sulphur. 
If  fiHn^  of  the  metal  are  thrown  into  a  vessel  containing  chlorine  gas,  they 
bum  vividly.  Basil  Valentine  first  introduced  this  substance  into  medicine,  and 
is  said  to  have  performed  many  extraordinary  cures  by  it.  Its  virtues  he  dis- 
covered accidentally.  Having  thrown  a  preparation  of  it  into  a  hog-trou^h, 
the  hogs  were  violently  purged  by  it,  but  afterwards  fattened  with  surprismg 
rapidity.  Seeing  this  efiect,  it  is  said  he  administered  it  to  his  brother  monks 
in  such  quantities  that  they  all  died :  the  medicine  was  therefore  called 
aati-moine,  or  anti-monk.  By  more  cautious  and  skilful  use,  he  obtained  for  it 
a  great  reputation ;  but  in  1566  its  employment  in  medicine  was  prohibited  in 
Paris  by  an  edict  of  the  parliament  The  sulphuret  of  antimony  was  employed 
in  very  early  times  by  the  eastern  females,  and  even  occasbntuly  by  men,  for 
tiie  purpose  of  staining  the  eye-brow  and  lashes,  and  even  the  lids,  to  make  the 
mre  appear  larger.  Tnis  practice  is  frequently  alluded  to  in  the  Scriptures. 
Ihete  ore  many  valuable  medical  preparations  of  antimony,  the  most  important 
of  whbh,  perhaps,  is  the  medicine  called  Dr.  James's  Powder.  This  is  a  compound 
of  protoxide  of  antimony,  and  phosphate  of  lime.  The  precise  mode  of  pre- 
paring it  is  not  known  to  chemists ;  the  pulvis  antimoniaus  of  the  shops  is,  in 
composition,  similar  to  James's  powder,  iMit  its  effects  as  a  medicine  are  not  so 
certain  nor  so  powerful.  Tartar  emetic,  or  tartarized  antimony,  i»  a  triple  salt, 
oompoaed  of  tartaric  acid,  potash,  and  antimony.  Powder  of  algarotli  is  the  pro- 
toxioe  of  antimony  precqMtated  from  the  muriate  by  water.  Kerme's  mineral  is  a 
iiydio-aolphuTet  of  the  metal.  Antimony  is  much  valued  as  a  medicine  for 
«attle. 

ANVIL.  A  large  solid  mass  of  iron,  of  indispensable  use  in  smiths',  as 
well  as  many  other  workshops,  for  hammering  or  forging  work  upon.  They 
are  made  of  various  sizes,  from  the  weight  of  a  few  pounds  (or  even  ounces,)  up 
to  many  hundred  weights  each ;  and  thev  are  much  varied  in  form,  to  adapt 
tibem  to  the  nature  of  the  work  they  are  oesigned  for.  Their,  general  figure  is 
that  of  a  parallelopipodon,  with  its  lowest  side  spread  out  at  ^e  comers  to 
steady  its  seat  upon  a  wooden  block  upon  which  they  are  mounted,  and  confined 
hj  Ltfge  nails  or  staples.  The  face,  or  upper  side,  of  most  anvils  are  perfectly 
flial  and  smooth,  and  are  made  of  steel,  and  so  hard  as  to  resist  the  tile.  At 
one  end  of  the  anvil  is  a  <'  beak-iron/'  which  is  a  projecting  piece,  tapering  to 
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a  point,  for  the  purpose  of  taming  or  bending  the  metal  under  operation ;  and 
there  are  also  one  or  more  holes  made  on  the  face,  for  the  convenience  of 
punching  holes  in  the  work,  or  for  the  reception  of  fixed  cdd  chisels,  stakes,  or 
mdeed  any  kind  of  tool  that  it  may  be  desirable  to  adapt  to  it 

APIARIES.    A  place  whera  heea  are  kept;  the  term  is  considered  to  apply 
to  a  collection  of  hives,  and  not  to  a  sinsle  one.    See  Beehivb. 

APOLLONICON.  A  musical  mainline,  on  tbe  principle  of  the  oigan, 
which,  by  peculiar  modification  of  tbe  pipes,  produces  an  excellent  imitation 
of  the  tones  of  aU  the  most  admired  wind  instruments ;  tlie  combined  efiect  of 
the  whole  being  similar  to  that  of  a  numerous  and  well-chosen  orchestra.  T\ub 
magnificent  contrivance,  unrivalled  in  this  or  any  other  country,  is  the  invention 
of  Messrs.  Flight  and  Robson,  who  spent  five  vears  in  its  completion ;  and  as 
a  popular  description  of  it  has  not  yet  appearea,  and  cannot  fiul  to  be  acceptable 
to  the  amateurs  both  of  musical  and  mechanical  science,  we  propose  to  eive 
such  an  account  of  the  instrument  as  may  serve  to  convey  a  general  idea  of  its 
construction.  In  the  apollonicon,  as  in  ue  organ,  the  sound  is  produced  by  a 
current  of  air,  urged  by  bellows,  through  several  series  of  vertical  pipes.  In 
the  apollonicon  there  are  two  pair  of  bellows,  placed  below  the  floor  of  the 
apartment  in  which  the  instrument  stands;  the  wind  from  which  passes  through 
a  reservoir  and  a  tube,  called  a  wind  trunk,  into  an  air-tieht  compartment, 
called  a  wind  chest.  The  pipes  which,  by  various  modifications  of  their  con- 
struction, produce  the  sounds  of  the  different  instruments,  are  ranged  in  rows 
one  behind  the  other,  parallel  to  the  front  of  the  machine,  in  Uie  order  of  the 
gamut,  each  note  and  half  note  having  its  separate  pipe,  and  each  parallel  row 
representing  a  different  instrument ;  the  pipes  proaucing  the  same  note  in 
every  instrument  lying  in  a  straight  line  from  front  to  back  of  the  instrument, 
or  parallel  to  its  sides.  Thus  tne  pipes  producing  the  note  ji  on  the  flute, 
clarionet,  bassoon,  &c.,  all  lie  in  a  line  parallel  to  tne  sides  of  the  instrument 
From  the  upper  part  of  the  wind  chest  proceeds  a  horizontal  platform,  termed 
the  bottom  Doara,  having  a  series  of  channels  cut  in  its  upper  surface,  cor- 
responding to  each  note  of  the  different  scales,  and  extending  longitudinally 
from  front  to  rear  of  the  machine.  Above  the  bottom  board,  and  at  right 
angles  to  the  channels,  are  a  series  of  grooves,  corresponding  to  the  transverse 
ranges  of  pipes,  or  the  number  of  the  different  instruments  m  each  groove,  are 
three  slides,  placed  one  over  the  other,  and  through  all  three  are  cut  narrow 
passages,  openine  into  each  of  the  wind  channels  in  the  bottom  board. 
Over  the  slides  is  placed  the  top  board,  into  which  the  pipes  are  inserted, 
communicating  with  the  wind  channels  through  the  apertures  in  the  slides. 
The  use  of  these  slides  is  to  cut  off  occasionfuly  the  communication  of  any 
particular  instrument  with  the  wind  chest,  so  as  to  cause  that  instrument  to 
cease  playing,  which  is  effected  as  follows : — the  space  between  each  aperture 
in  the  slides  is  somewhat  greater  than  the  width  of  the  wind  channels,  so  as  to 
cover  the  channek  completely,  and  thereby  cutting  off  the  communication  with 
the  instrument  to  which  the- slide  belongs.  Only  one  slide  in  each  set  of  slides 
is  in  operation  at  one  time ;  the  apertures  in  the  other  two  sets  beine  over  the 
wind  channels,  and  below  the  apertures  of  the  instruments.  One  set  of  slides  being 
used  when  the  instrument  is  played  by  the  mechanical  action  of  the  machine, 
another  set  is  moved  bv  pedals,  and  the  third  set  by  hand,  when  it  is  played  by 
the  keys.  At  that  end  of  each  wind  groove  that  opens  into  the  wind  chest,  are 
two  han^ng  valves,  called  pallets,  which  admit  the  air  into,  or  exclude  it  from, 
the  wind  grooves ;  and  the  art  of  performing  upon  the  machine  consists  in  the 
management  of  the  pallets  and  stops  before  described ;  the  air  or  time  beine 
produced  by  the  pallets,  and  the  stops  regulating  the  instruments,  upon  which 
the  air  is  played.  We  shall  now  proceed  to  describe  the  means  by  which  this  is 
effected. — The  machine  may  be  played  in  two  ways,  either  by  performers 
seated  at  ranges  of  keys,  as  in  other  organs,  or  by  mechanical  means :  and  as 
this  latter  method  is  the  distinguishing  character  of  the  machine,  and  has  called 
forth  so  much  ingenuity  in  its  execution,  we  shall  describe  it  first  The  prin- 
ciple is  as  follows : — to  one  set  of  the  pallets  is  attached  a  series  of  wires  (one  to 
each  pallet)  passing  through  holes  in  a  brass  plate  in  the  bottom  of  the  wind  chest, 
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which  are  just  fufficiently  large  to  allow  the  wires  to  move  easily,  without 
allowing  the  air  to  escape  from  the  wind  chest  These  wires  (60  in  num- 
ber, being  one  to  each  note  of  the  scale  of  the  machine,)  are  connected  to 
one  end  of  a  series  of  small  steel  levers,  set  in  a  frame  below  tlie  wind 
chest,  the  outer  end  of  the  levers  resting  upon  the  surface  of  a  cylinder 
somewhat  longer  than  the  key-frame;  a  number  of  small  pins  and  bent 
wires  or  brackets  project  a  short  distance  beyond  the  circumference  of  the 
cylinder,  ranged  in  lines  across  the  axis,  and  by  the  revolution  of  the  cylinder, 
one  or  more  of  these  pins  or  brackets  are  broueht  in  contact  with  the  outer 
end  of  the  keys,  which  are  thus  raised,  whilst  the  other  end  of  the  keys,  and 
the  pallets  corresponding,  are  proportionably  depressed ;  the  wind  passes  from 
the  wind  chest  into  the  wind  passages.  The  length  of  time  the  pallets  continue 
open  is  regulated  by  the  length  of  the  brackets ;  and  when,  by  the  revolution 
of  tibe  cylinder,  the  brackets  come  dear  of  the  keys,  the  outer  end  of  the  key 
falls  upon  the  cylinder,  the  pallet  is  closed  by  a  spiral  spring,  and  the  com- 
munication with  the  wind  grooves  is  cut  off.  Beyond  the  keys,  and  towards 
the  end  of  the  key-frame,  is  a  set  of  similar  keys,  moved  by  brackets  on  the 
surface  of  the  cylinder,  similar  to  the  former,  only  projecting  somewhat  more; 
these  keys  ^called  shifting  keys,)  by  an  ingenious  arrangement  (which  we  shall 
afterwards  describe  at  length),  give  motion  to  an  equal  number  of  levers,  each 
one  of  which  moves  in  or  out  one  or  more  of  the  set  of  stops  which  are 
governed  by  the  cylinder,  and  thus  opens  or  cuts  off  the  communication  of  the 
corresponding  instrument  or  set  of  pipes.  For  the  sake  of  simpUcity,  we  describe  the 
brackets  as  ranged  in  lines  standing  right  across  the  axis,  which  is  not  quite  correct, 
as,  in  this  case,*  the  same  keys  would  be  moved  at  the  corresponding  part  of  each 
revolution  of  the  cylinder,  and  consequently  only  very  short  pieces  could  be 
perfonned,  or  the  cyUnder  must  be  of  an  inconvenienUy  large  diameter.  To 
remedy  this,  the  cylinder  is  allowed  to  move  endways  m  its  bearings,  a  space 
equal  to  the  distance  between  two  keys ;  on  its  axis  is  cut  a  screw,  containing 
nine  threads,  and  the  bevelled  edge  of  a  lever,  called  a  knife,  taking  in  one  of 
the  Uireads  of  the  screw,  the  cyUnder  would  be  moved  endways,  at  each  revo- 
lution, a  space  equal  to  the  distance  between  two  threads ;  or  one-ninth  of  the 
distance  between  two  keys,  at  each  revolution ;  and  the  ends  of  each  key  would 
trace  a  spiral  line  on  the  barrel,  likewise  deviating  from  a  straight  line  one-ninth 
of  the  distance  between  two  keys ;  thus  nine  revolutions  of  the  cylinder  would 
be  made  before  the  spiral  traced  by  one  key  could  be  brought  under  the  next 
key.  Now  the  bracxets  and  pins  being  ranged  on  the  cylinder  along  these 
qi>iral  lines,  it  is  dear  a  different  key  may  be  moved  at  each  corresponding  part 
of  a  revolution,  for  nine  revolutions,  which  renders  the  barrel  equal  to  one  of 
nine  times  its  diameter,  in  which  the  brackets  should  be  placed  in  right  lines 
surrounding  the  cylinder ;  and  as  the  cylinder  revolves  very  slowly,  it  is  suffi- 
dent  for  the  performance  of  most  compositions.  If  it  is  required  to  repeat  the  per- 
formance, the  key-frame  is  turned  back  upon  a  hinge,  which  raises  the  keys  dear 
of  the  pins,  and  the  knife  being  lifted  out  of  the  screw  cut  on  the  axis,  the  cyUnder  is 
moved  endways  into  its  original  position,  the  knife  replaced  in  the  screw,  and  the 
key-frame  again  brought  down  to  the  cylinder,  when  the  piece  may  be  repeated. 
Having  thus  explained  the  principles  of  the  mechanical  action  of  the  machine,  we 
shall  proceed  to  notice  some  of  the  details  of  the  arrangement  There  are  three 
cylinders,  each  2  feet  in  diameter,  and  each  having  a  separate  wind  chest  and 
hgy  frame  placed  over  it,  furnishing  wind  to  particular  portions  of  the  scale. 
The  main  cylinder  occupies  the  centre  of  the  front  of  the  machine ;  it  is  8  feet 
lone;  and  comprises  a  range  of  five  octaves :  viz.  from  G  G  an  octave  below  first  G 
in  uie  bass  def  up  to  G,  and  eighth  above  G  in  the  treble  clef.  In  a  line  with 
thi%  and  concentric  with  it,  is  another  cylinder,  3  ft.  9  in.  for  the  bass  notes 
extending  from  G  G  G,  or  an  octave  below  the  former,  up  to  gamut  G,  being 
two  octaves.  The  third  cylinder  lies  at  the  back  of  the  machine,  parallel  to 
the  main  cylinder ;  it  is  8  feet  long,  and  comprises  two  octaves.  Below  the  two 
front  cylinders  extends  a  shaft,  or  axis,  having  two  pinions,  which  work  in  two 
wheels,  one  on  the  end  of  each  cylinder,  and  a  similar  shaft  lies  below  the  third 
cylinder,  in  the  rear  of  the  maclune ;  and  beneath  these  shafts,  and  at  right 
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B  BDothn  (haft,  extending  fran  tHe  front  to  tlu  b*ek  of  tLe 
on  it  two  endlcM  Krewi  working  in  worm-whcoli  on  the 
two  shafti ;  thii  laat  ah&ft  receives  iti  motion  1^  a  bud  from  tlie  drinnff^haft, 

{which h«« B °"      '     '       '■   "    "    "    """'" '   "    '         "   ■'  ' 

to  re  valve. 


BiBohine,  haviQE  on  it  two  endleti  ktcwi  working  in  worm-whcoli 
two  shafti ;  thii  laat  ah&ft  receives  iti  motion  1^  a  bud  from  the  drinnt 
(which  hM  a  flv-»heel,  and  ii  turned  bj  muiual  Ubour),  and  c«u>e«  the  e^inderi 


contraction  of  llie  wood,  and  any  inequalitlei  which  maj  esiit  in  the  cylinder ; 
and  to  take  the  weight  off  llie  key,  it  ia  aopported  on  tlie  cylinder  by  anti-friction 
ToUert.  It  renuini  now  to  explain  the  connexion  of  the  finger-keys  witli  the 
palleta.    Ihe  key-boardi  are  nve  in  number,  the  central  largest  compriaing  a 
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Mile  of  Are  octaret,  and  the  mUIler  uin  ditposed  tiro  mi  each  nde  of  tha 
largar,  theae  containing  a  scale  of  three  octavet.  "Hieae  keyboardi  ttand  in 
front  of  the  inrtnunent,  and  detached  from  it,  m>  that  the  perlbrmen  lit  with 
''  "'~  '—-\t  to  tfaa  inslnimetit,  and  thair  facea  to  the  uidience.     From  the 
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fore  end  ot  the  fineer  kcyi  descend  wire*  to  the  fore  end  of  a  leriM  of  leven 
below  the  floor,  and  to  the  other  end  of  these  levcn  are  attached  wini,  which 
pass  through  holes  in  the  wind  chcit,  and  are  fastened  to  their  let  of  pallets, 
and  thus  the  depression  of  the  finger  kevs  draws  down  the  hinder  eiids  of 
the  lower  levers,  and  opetu  the  pallets.     Within  reach  of  the  p«rfon 


addition  to  thesf,  are  a  set  of  pedals  five  in  number,  which  more  a  set  of  stop*, 
c^led  compound  pedal  stops.  These  are  the  invention  of  Mr.  Rc^ison,  and 
are  for  the  pilrpose  of  enabling  the  performer  suddenly  to  throw  on  or  iff 
a  number  of  instruments  by  a  single  movement,  and  thereby  add  greatly  to  the 
brilliancy  of  effect.  The  oi>eratian  of  these  stops  re^juinne  a  figure  for  ita  elu- 
cidation, will  be  deferred  until  afterwards.  To  enable  the  reader  more  fiilly  to  com- 
prehend the  foregobK  description,  we  hava  subjoined  two  engrarings,/^.!  being 
a  section  of  the  machine  parallel  to  the  barrels,  or  to  the  front;  and  Fig.  2  a 
■ection  across  the  barrels,  or  at  right  aneles  to  the  former.  In  these  figures, 
we  have  not  strictly  adhered  to  the  actuid  arrangement  of  the  ports  which  are 
used  in  the  instrument  itself,  but  have  rather  endearoured  to  give  a  general 
idea  of  the  principle  of  the  constructjon,  which  is  all  that  our  limits  will  allow. 
In  each  fieuxe  the  same  letters  denote  similar  parts,  a  a  are  the  reservoin 
immediately  over  the  bellows ;  b  the  wind  trunk ;  c  the  wind  cheat ;  d  d 
strengthening  bridges ;  e  e  pallets ;  ffff  wind  groore*  or  channels ;  g  g  g  the 
stops  or  slides;    hh  the  groove  board,  into  which  are  inserted  the  foot  of  the 

Eipttjjj  !  k  the  driving  shaft,  turned  by  a  band  I,  ttom  a  wheel  below  the 
oor ;  n  n  endless  screw*  working  into  wonn  wheels  n  ■  on  the  transverse 
shafts  oo;  pp  pinions  driving  the  cylinders  j;  r  the  knife  or  guide;  i  the  key- 
frame ;  ( t  anti-frictlDn  rollers ;  u  u  the  keys ;  d  d  stops  to  prevent  the  keyi 
striking  the  cylinder ;  a  a  shifting  keys  with  the  connexion  to  their  stops ;  m 
Connexion  of  the  pallet*  with  the  finger  keys ;  y  connexion  of  draw  stops ;  a 
connexion  of  compound  pedal  stops.  Having  thus  explained  the  general 
mechanical  arrangement  of  the  instrument,  we  snail  proceed  to  explain  more 
minutely  the  manner  of  throwing  on  or  off;  the  different  instruments  or  range* 
of  pipei,  both  by  tin  ihifiing  kayi,  and  1^  the  compound  pedal  slops.    "Tm 


above  cuts  re|)resent  one  of  the  shifting  keys,  F^.  3  beinc  a  front  view,  and 
n.  d  .  ^j.  — _    _  _»_.„_• (jj,^  of  the  cylinder;  A  one  of  th«  shiftily 
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im,  kept  in  contact  with  th«  bairel  b^  the  ipring  e.  On  the  ipindle  4  U  keyed 
kT-«b«ped  lever  e,  in  die  boriiont«l  arma  of  which  are  two  prajectinD;  studi/^, 
with  k  wire  pMsed  through  them  from  one  to  the  other.  A  piece  of  hross  g  ia 
Ktlached  at  iti  lower  end  to  the  key  b,  and  the  upper  end  pauiiig  between  the 
lever ;  the  wire  reiti  by  one  of  ito  iboulden  on  one  of  the  projection  ilud« ;  a 
■teel  ipring  blade  k  it  inserted  at  its  lower  end  into  a  cleft  in  the  piece  g,  and 
paaaei  thrmigh  a  slit  in  a  stud  in  the  lower  end  of  the  lever  e,  and  by  its  ten- 
dency to  recover  a  rieht  l^e  in  the  directioo  of  the  ann,  it  forces  the  piece  g 
out  of  the  perpendicular,  so  that  it  shall  always  rest  against  one  or  other  of  the 
Btuda.  i  u  an  arm  upon  the  spindle  d,  connected  by  a  bar  I  to  the  lever  ^not 
shown)  which  works  the  slide  or  stop.  Now  when  the  tooth  of  the  key  is  raised 
by  one  of  the  studi  of  the  barrel  passing  under  it,  the  other  end  of  the  key  is 
deprened,  and  drawing  down  the  piece  g,  shift*  tbe  lever  t  into  the  position 
shown  by  the  dotted  lines,  and  thus  reverses  the  position  of  the  slide.  When 
the  Btad  nu  passed  the  key,  the  spring  e  returns  the  key  to  its  former  position, 
and  the  piece;  in  rising  is  thrown  by  tne  spring  h  against  the  stud  in  the  upper 
arm  of  the  lever  e.  The  compound  pedal  stops  are  a  most  admirable  inveotion 
of  Mr.  Robson's,  by  means  of  which  the  performer  is  enabled  to  throw  off  in- 
atantaneonaly  a  number  of  instrument,  and  to  bring  into  play  a  number  of 
others,  as  the  varyinK  nature  of  the  music  may  require,  with  an  effect  and  pre- 
cision equal  to  that  ot  the  best  appointed  orchestra.  The  mechanism  is  extremely 
ingeniooi,  as  well  as  beautifully  simple.  The  arrangement  will  be  easily  undet- 
WLooi  by  nfetring  to  the  umezed  cuts,  which  represent  one  set  of  pedal  levers, 
Fig.  e.  Fig.  e. 


Fig.  5  being  a  nde  view,  and  ^.  S  an  end  view.  On  the  npper  axis  a  is  a 
number  of  arms  b  b  acting  upon  slits  in  a  corresponding  numb^  of  slide*  e  e; 
«D  the  lower  axis  d  is  likewise  one  or  more  arms  t  acting  on  one  or  more  slides 
/;  on  the  axis  cl  is  a  tooth  g  acting  upon  a  similar  tooth  h  on  the  axis  a ;  the 
length  of  each  tooth  being  proportional  to  the  length  of  the  arms  b  and  d.  t 
"  -u  arm,  connected  by  wires  and  bell-cranks  to  the  pedal  beneath  the  key- 
■      "  .....  ..>  .  I  that  the  arms  i  J  and  rf(i 


wQItt'  ' 


w  upon  depnssine  this  arm,  it  will  be  si 


fore  open  the  communication  be^een  the  wind  grooves  and  the  iostnimenti  b 
which  they  belong,  and  the  other  set  will  close  the  passages  to  which  they  belong, 
and  thus  throw  out  of  olay  the  corresponding  instruments;  and  there  being  five 
of  thew  compound  peaal  stops,  an  amazing  variety  of  changes  mav  be  obtained 
by  varying  the  combinations  of  the  slides.  The  whole  number  of  the  keys  acted 
apon  by  &e  cylinders  is  about  250.  There  are  upwards  of  1900  pipes,  45  draw- 
stope,  and  2  kettle-drnmc.  To  the  mosicsl  amateur  the  foUowmg  list  of  the 
ttims  will  doubtless  prove  interesting. 
On  the  first  cylinder, — 

1.  Open  Diapason.  4.  PrincipaL  7.  Flute. 

2.  Ditto     ditto.  5.  TwelfQi.  8.  Setqni  Altera. 

3.  Stop      ditto.  6.  Fifteenth.  9.  Comet— TrumpeL 
On  tfa«  second  cylinder  are  two  octaves  of  wooden  pipes,  of  lai^  dimensions, 

termed  douUe  diapason  pedal  pipes :  the  largest  is  24  iochea  long,  and  23 
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muare ;  this  is  8  feet  longer  than  tlie  corresponding  pipe  in  the  great  organ  at 
Fiaarlem.    The  range  of  the  acale  is  fh>m  GG  G  to  G. 
On  the  third  cylinder  are  the  following  stops,— 

Diapason,  or  Comi  Stop.  Trumpet  Hautboys. 

Stop  Diapason.  Cremonas.  Piccolais. 

yioloncello.  Flutes.  TVumpeta. 

German  Flute.  Vox  humana.  Diapason. 

Wood  Fifteenth.  OcUve  Flute.  Principal,  &c. 

The  mechanism  is  enclosed  in  a  case,  20  feet  broad  by  18  feet  deep,  and 
24  feet  high.  The  front  is  divided  into  three  compartments  by  pilasters  of 
Grecian  Doric,  surmounted  by  others  of  the  Ionic  oraer.  Between  the  upper 
pilasters  are  three  paintings ;  that  in  the  centre  representing  Apollo^  and  those 
on  the  sides  the  Muses,  Qio  and  Erato,  somewhat  larger  than  life,  which  do 
much  credit  to  the  artist  (Mr.  John  Wright)  by  whom  they  were  painted.  The 
mechanical  action  of  the  apoUonicon  was  first  exhibited  to  the  puolic  in  June, 
1817,  when  the  overtures  to  Anacreon  and  to  the  Clemenxa  di  Tito  were 
performed  by  the  cylinders  in  a  style  that  called  forth  the  most  marked  appro- 
iMttion  from  large  and  scientific  audiences.  From  that  period  to  die  present 
time  it  has  maintained  its  well-deserved  popularity,  and  continues  an  object  of 
interest  alike  to  the  musician  and  the  mechanist,  offering  to  the  former  some  of 
the  grandest  combinations  of  harmony,  and  to  the  latter  some  of  the  most 
curious  and  complicated  specimens  of  nis  art 

AQUA  FORTIS.  The  old  and  still  popular  name  lor  nitric  aeid.  The 
article  sold  in  the  shops  under  this  name  is  generally  prepared  by  mixing 
common  nitre  with  an  equal  weight  of  sulphate  of  iron,  and  nsJf  its  weight  of 
the  same  sulphate  calcined,  and  distilling  tne  mixture ;  or  by  mixing  nitre  with 
twice  its  weight  of  dry  powdered  clay,  and  distilling  in  a  reverberatoir  furnace. 
Two  kinds  are  found  in  the  shops,  one  called  daubU  aqua  fbrtUy  which  is  about 
half  the  strength  of  nitric  acid ;  the  other  simply  aqua  fortu^  which  is  half  the 
strength  of  the  double.   See  Acid,  Nitric. 

AQUA  REGIS.  This  having  been  the  first  solvent  that  was  discovered  for 
gold,  the  king  of  metals,  was  called  by  this  name,  signifying  the  king's  water. 
The  original  and  proper  aqua  regis  is  made  by  adding  four  ounces  of  common 
salt  to  an  avoirdupois  pound  of  aqua  fortis.  Homberg  says,  aqua  regis  is  of 
proper  strength  to  dissolve  gold,  when  a  bottle,  holding  sixteen  ounces  of  water, 
noldfl  seventeen  ounces  of  Uie  acid ;  that  is  to  say,  when  it  is  of  the  specific 
gravity  1.062. 

AQUA  TINTA.    See  Engravino. 

AQUA  YIT^.  Ardent  smrit  of  the  fust  distillation  has  been  distinguished 
in  commerce  by  this  name.  The  distillers  of  malt  and  molasses  spirits  call  it 
low  wines. 

AQUEDUCT.  A  conduit  for  water,  constructed  of  different  materials,  buflt 
on  uneven  ground,  for  preserving  the  level  of  water,  and  conveying  it  from  one 
place  to  another.  Aqueducts  are  distinguished  into  two  classes ;  we  visible,  or 
such  as  are  built  on  arohes  across  vaUeys  and  marshes,  and  the  subter- 
raneous, which  are  formed  by  pieroing  mountains,  and  conveying  the  water 
below  the  surface  of  the  earth.  These  constructions  were  formed  of  brick, 
stone,  &c.,  and  covered  either  with  vaulted  roofs,  or  fiat  stones,  which  served 
to  shelter  the  water  from  the  influence  of  the  sun  and  rain.  They  were,  in  some 
cases,  paved,  and,  in  others,  the  water  was  conveyed  tlirough  a  natural  channel 
formed  in  the  day.  It  was  also  frequently  conducted  by  leaden  pipes  into 
reservoirs  of  the  same  metal,  or  into  troughs  of  hewn  stone.  Some  aqueducts 
are  supported  on  single,  others  on  double,  or  triple,  ranges  of  arches.  Of  the 
latter  kind  is  the  Pont  du  Gard  in  Languedoc,  supposed  to  have  been  built  by 
the  Romans,  to  convey  water  to  the  city  of  Nismes ;  that  at  Constantinople, 
and  that  which,  accorcung  to  Procopius,  was  constructed  by  Cosroes,  king  of 
Persia,  near  Petra,  in  Mingrelia,  and  which  had  three  conduits  in  the  same 
direction,  each  elevated  above  the  other.  The  Romans  had  many  magni- 
ficent aaueducts,  surprising  on  account  of  their  magnitude  and  number,  as 
well  as  tneir  construction  and  length ;  some  bringing  water  through  a  distance 
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of  horn  thirty  to  one  hundred  miles,  either  upon  a  series  of  arches,  or  by  means 
of  excavations  through  mountains  and  rocks.    This  is  well  expressed  by  Pliny 
in  the  following  language :   "  If  we  consider  the  incredible  ouantity  of  water 
brought  to  Rome  for  ue  uses  of  the  public,  for  fountains,  baths,  fishponds, 
private  houses,  gaidens,  and  country  seats ;  if  we  represent  to  ourselves  the 
•rdies  constructed  at  a  great  expense,  and  carried  on  through  a  lonf  distance; 
mountains  levelled,  rocu  cut  through,  and  valleys  filled  up ;  it  must  be  acknow- 
ledged that  there  is  nothinf  in  the  whole  world  more  wonderful"    The  waters 
of  the  Tiber,  with  the  wells  and  fountains  in  the  neiehbourhood,  had  supplied 
the  wants  of  the  Romans  for  four  centuries  and  a  hal^  when  Appius  Claudius, 
the  censor,  advised  and  constructed  the  first  aqueduct.    His  example  was 
speedily  fi^wed,  and  Uie  courses  of  rivers  were  thus  changed  and  diverted 
towaids  Rome,  to  supply  the  daily  increasing  wants  and  luxuries  of  the  Roman 
people.    At  certain  distances,  vents  were  provided,  in  order  that  the  water, 
which  was  accidentally  obstructed  in  its  progress,  might  be  discharged  till  its 
ordinary  passage  was  cleared ;  and,  in  the  canal  of  the  aqueduct  itself,  there 
were  cavities  into  which  the  water  was  precipitated,  and  where  it  mis ht  remain 
till  its  mud  was  deposited,  and  the  water  become  clear.  A  considerable  variety 
was  observable  in  the  construction  of  aqueducts.    The  aqueduct  of  the  Aqua 
Maicia  had  an  arch  of  sixteen  feet  diameter.    The  whole  was  composed  of 
tiiree  different  kinds  of  stone ;  one  of  them  reddish,  another  brown,  and  a  third 
of  an  earth  ccrfour.    The  entire  edifice  is  70  Roman  feet  in  height    Above 
them  appeared  two  canals,  the  highest  of  which  was  fed  by  the  waters  of  the 
Tiverone,  and  the  lower,  by  what  was  called  the  Claudian  River.    Near  this 
aqueduct,  Mont&ucon  gives  the  plan  of  another  with  three  canals ;  the  highest 
supplied  by  the  Aqua  Julia,  that  in  the  middle  firom  Tepula,  and  the  lowest 
from  the  Aqua  Martia.    The  arch  of  the  aqueduct  of  the  Aqua  Claudia  was  of 
hewn  stone,  veiy  beautiful ;  that  of  the  aqueduct  of  the  Aqua  Meronia  was  of 
brick.    Each  of  these  was  72  feet  high.    The  Aqua  Appia  deserves  notice  for 
the  singularity  of  its  construction,  it  not  being  plain  or  gradual  in  its  descent, 
bat  much  narrower  at  the  lower  than  at  the  upper  end.    The  consul  Frontinus, 
who  superintended  the  aqueducts  under  the  emperor  Nerva,  mentions  nine,  each 
of  which  had  13,594  pipes  of  an  inch  diameter;  and  it  is  stated  by  Yigerus, 
Aat,  in  the  space  of  twenty-four  hours,  Rome  received,  by  means  of  tiiese  erec- 
tions, 500,000  hogsheads  of  water.    In  modem  times,  the  aqueduct  of  Leeovia 
is  considered  the  most  magnificent    There  still  remain  159  arcades,  wholly 
consisting  of  stones,  enormously  larse,  and  joined  without  mortar.    These 
areades^  with  what  remain  of  tne  edifice,  are  102  feet  high ;  there  are  two 
ranges  of  arcades,  one  above  the  other.  In  1684,  Louis  XI V.  caused  an  aque- 
duct to  be  commenced  near  Maintenon,  for  carrying  water  from  the  river  £ure 
to  Versailles;  but  the  work  was  abandoned  in  1688.    This  would,  probably, 
have  been  the  largest  aqueduct  in  the  world,  the  whole  length  being  60,000 
toises ;  the  bridge  2,070  fathoms  in  length,  220  feet  in  height,  and  consisting 
of  632  arches.    The  principal  ancient  aqueducts  now  in  being,  are  those  of  the 
A^ua  Vireinia,  Aqua  Felice,  and  Aqua  Taulina.    The  quantitv  of  water  sup- 
plied by  ue  whole  of  the  aqueducts  in  ancient  Rome,  is  calculated  to  have 
amounted  to  the  enormous  quantity  of  50,000,000  cubic  feet  daily ;   which, 
reckoning  the  population  of  Rome  at  1,000,000,  allows  50  cubic  feet  for  the 
daily  consumption  of  each  individual,   llie  supply  of  water  to  London  in  1 790, 
amounted  to  2,626,560  cubic  feet  daily;  and  even  at  the  present  day,  it  does 
not  exoMd  4,000,000  feet  This  quanti^,  aldiough  found  abundantiy  sufficient  for 
our  use,  is  little  more  than  a  twelfth  part  of  the  quantity  consumed  by  the  Romans. 
The  daily  supply  of  water  to  Paris  is  still  less,  being  about  293,000  feet,  or  half  a 
oibie  foot  for  the  daOv  use  of  each  inhabitant  The  Oreeks  of  the  lower  empire 
simi^ed  the  ^neral  mode  of  conducting  water,  and  reduced  the  expense  to  a 
fifth  part,  chiefly  by  the  introduction  of  the  Soulerazi,  or  water-balance,  a  sort 
of  hydraulic  obdisk.    The  water  runs  down  a  gentie  slope  in  covered  drains, 
till  It  reaches  an  obelisk  constructed  of  masonry,  and  rising  up  one  side  in  a 
narrow  channel,  discharges  itself  into  a  bason  at  the  top,  from  which  again,  at 
a  level  8  inches  lower,  it  descends  by  a  similar  channel  on  the  other  side. 
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The  charge  of  the  water-works  at  Constantinople  is  entrusted  to  a  hody  of  300 
Turks,  and  certain  Albanese  Greeks,  who  make  it  almost  an  hereditary  pro- 
fession. The  supply  for  each  person  is  stated  to  be  about  two-thirds  of  a  cubic 
foot,  or  42  pounds  daily.  There  are  two  ancient  cisterns  still  extant  in  Con- 
stantinople :  the  subterranean  cistern,  built  of  hand-brick,  vsulted,  and  resting 
on  marble  columns;  and  the  cistern  of  101  columns,  anciently  called  Philazene. 
The  latter  consists  of  three  rows  of  columns,  one  aboye  another,  and  is  capaUe 
of  holding  five  days'  supply  of  water  for  the  whole  inhabitants  of  Uiis  spacious 
city.  Among  the  most  modem  must  be  noticed  the  aqueduct  of  Chirk,  in  Den- 
bighshire, constructed  by  Mr.  Telford  for  the  purpose  of  carrying  on  the  nayi- 
gation  of  the  Ellesmere  canal.  It  consists  of  10  arches,  supported  by 
pyramidal  stone  piers,  and  extends  to  about  600  feet  in  length.  The  summit 
of  the  central  arch  is  65  feet  aboye  the  leyel  of  the  water. 

ARABIC  GUM.  This  gum,  which  flows  naturally  from  the  acacia,  in 
E^ypt,  Arabia,  and  elsewhere,  forms  a  dear  transparent  mucilage  with  water : 
it  IS  msoluble  in  alcohol  and  ether.  It  is  used  in  medicine,  and  is  considered  as 
a  specific  against  the  stranguir  occasioned  by  blisters ;  it  constitutes,  under 
particular  forms,  a  nutritious  food,  and  it  is  an  important  article  in  yarious 
manufactures. 

ARCH,  or  Arc  In  geometry,  a  part  of  a  curye  line,  as  of  a  circle  or  an 
ellipse,  &c.  Arch,  in  architecture,  an  aperture,  the  upper  portion  of  which  is 
bounded  by  curye  lines,  as  we  see  in  porches,  bridges,  sc. ;  they  are  of  yarious 
forms,  and  are  designated  by  yarious  names,  according  to  their  figure,  as 
circular,  elliptical,  cydoidal,  &c.  Arch  of  equilibrium,  in  the  theoiy  of  oridges, 
is  that  arch  which  is  in  equilibrio  in  all  its  parts,  and  therefore  equaUy  strong 
throughout,  haying  no  tendency  to  break  in  one  part  more  than  another.  The 
arch  of  equilibration  is  not  of  any  determinate  curye,  but  yaries  according  to 
the  figure  of  the  extrados;  eyeiy  dififerent  extrados  requiring  a  particular 
intrados,  so  that  the  thickness  in  eyery  part  may  be  proportional  to  the 
pressure.  The  subject  has  occupied  the  attention  of  seyml  eminent  mathe- 
maticians, and  has  been  fully  treated  by  Dr  Hutton,  in  his  "Prindples  of 
Bridges,"  and  in  some  of  his  tracts;  where  the  proper  Intrados  is  inyestigated  for 
eyery  particular  form  of  extrados ;  and  it  shews,  that  in  semicircular  and  semi- 
elliptical  arches,  and,  in  fact,  in  all  arches  springing  perpendicularly  from  a 
horuEontal  line,  the  line  of  their  extrados  becomes  assymptotical  as  it  approaches 
a  perpendicular  passing  through  the  points  from  which  they  spring,  and  that 
such  arches  require  to  be  loaded  infinitely  oyer  the  haunches.  But  the 
researches  of  mathematicians  upon  this  subject,  although  they  are  not  without 
utility,  haye  not  been  of  any  great  seryice  to  the  practical  builder,  who^  guided 
by  a  set  of  maxims  which  are  the  fruits  of  obseryation  and  experience,  constructs 
arches  of  immense  span,  differing  widely  firom  the  form  assigned  by  theory, 
which  are,  neyertheless,  stable  ana  durable.  This  arises,  perhaps,  not  fix>m  the 
theory  being  false,  but  from  its  being  imperfect;  mathematicians  calculating 
the  efiects  of  grayitation  only,  without  allowing  for  those  of  cohesion,  friction, 
and  some  other  forces,  which  undoubtedly  operate  in  an  arch,  although  it  is 
difficult  to  estimate  their  seyeral  quantities.  Hence  in  practice  it  is  found 
sufiScient  if  the  arch  of  equilibrium  be  comprised  within  the  boundaries  of  the 
youssoir,  or  stones,  forming  the  arch,  without  its  being  necessary  for  either  the 
intrados  or  extrados  to  conform  exactly  to  that  curve.  For  good  practical 
yiews  on  this  subject,  we  refer  our  readers  to  GmU*t  E^^uUibrium  ofArchet,  and 
to  the  article  "  Bridges,"  in  the  Edinburgh  Encydoptedia. 

ARCHIL.  A  whitish  lichen,  growing  upon  rocks  in  the  Canary  and  Cape 
Verd  Islands,  which  yields  a  rich  purple  tincture,  fugitive,  indeed,  but  extremely 
beautifuL  This  weed  is  imported  to  us  as  it  is  gathered :  those  who  prepare  it 
for  the  use  of  the  dyer  grind  it  betwixt  stones,  so  as  to  thoroughly  bruise,  but 
not  to  reduce  it  into  powder,  and  then  moisten  it  occasionally  with  urine,  or 
mix  quick  lime  with  the  urine :  in  a  few  days  it  acquires  a  purplish  red,  and  at 
lengtn  a  blue  colour ;  in  the  first  state  it  is  called  archil,  in  the  latter,  lacmus, 
or  Utmus.  The  dyers  rarely  employ  this  drug  by  itself,  on  account  of  its 
deamess,  and  the  perishableuess  of  its  beauty.    The  chief  use  they  make  of 
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it  is  for  giving  a  bloom  to  other  colours,  as  pinks,  &c.  ^  This  is  effected  by 
passing  the  dyed  cloth  or  silk  through  hot  water,  slightly  impregnated  with  the 
archil.  The  bloom*  thus  communicated,  soon  decays  upon  exposure  to  the  air. 
By  the  addition  of  a  little  solution  of  tin,  this  drug  gives  a  durable  dye ; 
its  colour  is  at  the  same  time  changed  toward  a  scarlet,  and  that  is  the  more 
permanent,  in  proportion  as  it  recedes  the  more  from  its  natural  colour.  Prepared 
archil  very  readily  gives  out  its  colour  to  water,  to  volatile  spirits,  and  to  alcohol ; 
it  is  the  substance  principally  made  use  of  for  colouring  the  spirits  of  ther- 
mometers. As  exposure  to  the  air  destroys  its  colour  upon  cloth,  the  exclusion 
of  the  air  produces  a  like  effect  in  those  nermeticaUy  sealed  tubes, — the  spirits 
of  large  thermometers  becoming  in  a  few  years  colourless.  The  Abb4  Nollet 
observes  (in  the  French  Memoirs  for  1742),  that  the  colourless  spirit,  upon 
breaking  the  tube,  soon  resumes  its  colour,  and  this  for  a  number  of  times 
successively ;  that  a  watery  tincture  of  archil,  included  in  the  tube  of  ther- 
mometers, lost  its  colour  in  three  days ;  and  that  in  an  open  deep  vessel  it 
became  colourless  at  the  bottom,  while  the  upper  part  retained  its  colour.  A 
solution  of  archil  in  water,  applied  on  cold  marble,  stains  it  of  a  beautiful  violet 
or  purplish  blue  colour,  far  more  durable  than  the  colour  which  it  communicates 
to  other  bodies.  There  is  a  large  establishment  at  Glasgow  for  an  article  of 
this  kind,  which  is  much  esteemed ;  it  is  sold  by  the  name  of  cudbear.  Silks 
thus  dyed  with  it  are  said  to  be  very  permanent,  of  various  shades,  from  pink 
and  cmnson  to  a  bright  mazarine  blue. 

ARGAL.  Crude  tartar,  in  the  state  in  which  it  is  taken  from  the  inside  of 
wine  vessels,  is  known  in  the  shops  by  this  name. 

ARGAND  BURNERS.    See  Lamps. 

AROMATIC  VINEGAR.  An  acetic  solution  of  camphor,  oil  of  cloves, 
oil  of  lavender,  and  oil  of  rosemary ;  a  sufficient  quantity  of  each  to  make  it 
pleasant 

ARRACH.  A  spirituous  liquor,  imported  from  the  East  Indies ;  it  is  chiefly 
manufactured  at  Batavia  and  at  Goa,  upon  the  Malabar  coast 

ARROWROOT.  The  pure  starch  of  a  bulbous-rooted  plant,  growing  in 
the  West  Indies,  and  other  warm  climates.  The  starch  of  the  potatoe  has  pre- 
cisely the  same  properties,  and,  from  the  superior  cheapness  of  the  latter  in 
this  country,  it  forms  a  common  substitute  for  the  foreign  production,  which  is 
difficult  to  obtain  in  the  retail  shops  unadulterated.  Under  the  article  Potatoe 
will  be  found  a  full  description  of  we  mechanical  process  employed  in  extracting 
the  starch  from  that  root 

ARTESIAN  WELLS.  A  name  given  by  the  French,  and  extensively 
adopted  here,  to  artificial  fountains,  made  by  boring  the  earth,  and  permitting 
the  confined  water  to  rise.    See  Borino  the  Earth. 

ARCOGRAPH.  An  instrument  for  drawing  a  circular  arc  without  a  central 
point  There  are  various  ways  of  performing  this,  but  the  following  is  the  most 
simple,  and  is  often  practisea  by  bricklayers  and  masons.  Two  nails  are  driven 
into  the  &ce  of  the  wall  upon  which  the  curve  is  to  be  struck,  the  nails  being 
at  each  extremity  of  the  curve ;  two  laths  or  striueht  rods  are  then  nailed 
tcc^ether  at  such  an  angle  as  that  the  apex  shall  touch  the  crown  of  the  arch 
when  the  two  sides  are  in  contact  with  the  nails  at  the  extremities  of  it ;  then 
if  the  apex  of  the  laths  be  gradually  moved  round  from  one  nail  to  the  other, 
the  laths  being  kept  continually  in  contact  with  the  nails,  a  tracer  placed  at  the 

Sex  wiU  describe  the  required  arch.  An  instrument  of  this  kind,  invented  by 
r.  Rotch,  and  rewarded  by  the  Society  of  Arts,  will  be  found  very  serviceable 
for  drawing  upon  paper  arcs  of  very  large  circles,  whose  centres  lie  beyond  the 
limitB  of  the  orawmg  board.  It  consists  of  two  straight  rulers,  connected  by  a 
joint  similar  to  that  of  a  sector,  in  the  centre  of  which  joint  is  a  socket  to  carry 
the  tracer.  The  two  limbs  are  connected  to  two  gramiated  arcs,  sliding  upon 
each  other,  by  means  of  which  the  limbs  may  be  set  to  any  angle  so  as  to  describe 
an  are  containing  any  required  number  of  degrees. 

ARSENIC.  A  brittle  metal  of  a  bluish  white  colour,  possessing  very  little 
lustre.  By  exposure  to  the  atmosphere  it  becomes  nearly  black,  and  slightly 
pulverulent    It  u  very  fiisible,  and  is  frequently  employed  t6  assist  the  &on 
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of  other  metals.  At  9569  Fahr.  it  is  volatiliied  in  white  fumes,  which  constitute 
the  arsenious  add,  or  white  arsenic*    It  is  from  this  suhstance  that  the  metal 
of  commerce  is  obtained,  and  is  imported  in  lam  quantities  from  Saxony,  the 
cobalt  works  of  which  supply  Europe  with  aiscme.    The  ores  of  cobalt  contain, 
with  many  other  impuntics,  muen  arsenic.    This  ii  dissipated  h^  torrefying 
them  when  reduced  to  powder  in  a  furnace  with  a  long  horizontal  flue. 
The  arsenious  acid  becomes  condensed  in  this,  and  is  removed  by  condemned 
criminals,  the  employment  being  very  dangerous,  and  even  fatal  to  life,  on 
account  of  the  impossibility  of  preventinff  particles  of  this  powerful  poison  from 
entering  the  mouth  or  nostrils.     When  first  volatilised,  it  is  contaminated  with 
sulpbur,  &c.,  from  which  it  is  separated  by  mixing  with  impure  potash,  and 
subliming  again  in  dose  vessels.    It  then  constitutes  the  white  arsenic  of  the 
shops.    The  metal  is  obtained  from  this  by  incorporating  it  with  carbonaceous 
matter,  and  heating  in  a  vessel  provided  with  a  receiver,  to  condense  the  arsenic 
which  rises  in  vapour.   The  ores  of  arsenic  are  numerous  and  abundant,  and  it 
is  a  component  of  an  endless  variety  of  minerals.    The  process  of  roasting  the 
ores  of  copper,  iron,  &e.  is  unhealthy,  chiefly  on  account  of  the  quantity  of 
arsenic  liberated.    The  minerals  called  realgar  and  orpiment  (sulphurets  of 
antimony)  possess  much  beauty.    Arsenic  combines  with  oxygen  in  two  pro» 
portions,  the  first  of  which,  the  arsenious  add  consists  of  arsenic  76  +  oxygen  24. 
The  second  arsenic,  add  of  arsenic,  76  + oxygen  40.    Both  these  compounds 
possess  the  characteristics  of  add  bodies ;  they  redden  veffetid)le  Uuesy  and 
combine  with  many  salifiable  bases,  forming  neutral  salts.    The  first  of  these 
deserves  particular  attention,  as  it  is  the  fatal  poison  so  firequently  employed  in 
the  destruction  of  human  life  by  the  suidde  or  the  assassin.    It  is  nearly  inso- 
luble in  cold  water,  and  is,  therefore,  ^nerally  taken  in  the  state  of  turbid 
mixture.    It  adheres  with  ringular  obstinacy  to  the  coats  of  the  stomach  and 
intestines,  and  produces  speedv  coirosion  and  inflammation.    The  symptoms  of 
the  poison  are  generally  manifested  within  a  quarter  of  an  hour  after  it  nas  been 
swallowed :  these  are  sickness,  pain  at  the  stomach,  thirst,  burning  heat  in  the 
mouth  and  fiiuces,  faintings,  cold  sweats,  debility,  and  at  last  cramp,  and  contrac- 
tions of  the  limbs.  Most,  and  firequently  sill,  of  these  symptoms  are  m^kved  by  the 
suflerer  befcne  death.    The  only  medicines  likely  to  be  eflfectual,  are  sulphuretted 
hydrogen  water,  and  copious  draughts  of  bland  mucilaginous  liquids.  Carbonate  of 
magnesia  and  opium  have  been  on  more  than  one  occasion  found  highly  benefidal. 
In  cases  of  suspected  poiMining  by  this  mineral,  the  contents  of  the  stomach, 
or  the  ejected  matter,  should  to  carefully  saved  and  digested  in  distilled  water. 
This  must  be  filtered  through  porous  paper,  and,  if  h^hly  coloured  with  beer, 
cofiee,  or  other  description  of  food,  a  small  ouantity  of  newlv  prepared  pure 
animal  charcoal,  in  powder,  must  be  mixed  wiUi  it  until  the  colouring  matter  is 
destroyed.   A  second  filtration  produces  a  limpid  and  transparent  fLmd,  suscep- 
tible to  the  action  of  tests,  which  must  now  be  applied.    To  one  portion  in  a 
test-tube,  add  a  small  quantity  of  transparent  lime-water ;  in  a  snort  time^  if 
arsenic  is  present,  the  fluids  will  become  turbid  and  opaque.  To  another  portion, 
add  a  few  drops  of  liquid  ammonia,  and  a  solution  of  sulphate  of  copper ;  tlus 
will  produce  a  bright  green  predpitate,  which  is  the  pigment  callea  Scheele's 
green.    Pass  a  current  of  sulphuretted  hydrogen  gas  through  another  portion, 
which  will  convert  the  arsenic  into  a  sulphuret  of  a  lemon  yellow  colour.    To 
another  portion  add  a  few  drops  of  ammoniated  nitrate  of  silver,  which  wiU 
throw  down  a  golden  yellow  precipitate,  the  arsenite  of  rilver.     If  all  these 
tests  produce  the  efiects  here  oescriDed,  die  corroboration  will  leave  no  room  to 
doubt  that  aresenic  was  present;  but  it  is  advisable^  and  especially  where 
human  life  depends  on  the  testimony,  to  place  the  matter  beyond  the  possibility 
of  doubt,  by  redudng  the  arsenic  to  the  metallic  state.    This  is  effected  by  takine 
any  of  the  before-named  predpitates,  and,  when  carefully  dried,  mixing  it  wiu 
about  an  equal  quantity  of  black  flux  (finely  divided  charcoal  and  potash).    A 
few  grains  of  this  must  be  carefiilly  ohiced  at  the  bottom  of  a  test-tube,  so  that 
none  shall  adhere  to  the  dde.  The  name  of  a  spirit  lamp  must  now  be  directed 
by  a  blow-pipe  against  the  matter  in  the  tube,  and,  in  a  short  time,  the  arsenic 
inll  be  suUimed,  and  coat  the  interior  of  the  glass  with  the  reduced  metal  of  a 
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ihining  grey  colour ;  or  any  of  the  precipitates  may,  when  diT»  be  placed  on 
a  piece  of  ignited  charcoal,  when  the  arsenic  will  be  volatilized,  forming  a  dense 
wnite  clou^  and  emitting  a  powerftil  odour,  like  that  of  garlic,  which  is  peculiar 
to  this  metal  Arsenic  is  a  metal  easUy  combustible,  and,  in  some  cases,  bums 
with  sin^lar  intensity.  If  a  small  quantity  is  mixed  in  a  mortar  with  chlorate 
of  potasn,  a  yiolent  explosion  takes  place.  When  thrown  into  chlorine  gas,  it 
takes  fire  spontaneously  if  finely  dinded.  The  spec.  gray,  of  arsenic  is  5.763. 
A  sulphuret  of  arsenic,  called  orpiment,  is  extensively  used  in  dyeing*  It  is 
prepared  by  digesting  arsenious  acid  in  muriatic  acid,  and  precipitating  by  sul- 

Jihuret  of  ammonia.  It  is  of  a  bright  yellow  colour,  and  produces  a  permanent 
hre.  Arsenic  is  used  for  various  purposes  in  the  arts  (see  Allot)  ;  it  promotes 
the  fusion  of  other  metals,  and  occasions  many  that  are  very  refractory  to  melt 
at  low  temperatures.  It  is  employed  in  the  manufacture  of  lead  shot,  which  it 
renders  more  brittle,  and  more  easy  to  eranulate. 

ASAFCETIDA  is  the  concentrated  jmce  of  a  large  umbelliferous  plant,  which 
is  found  in  several  parts  of  Asia.  The  root  is  of  a  black  colour,  and  resembles 
a  parsnip;  on  cutting  this  transversely,  a  thick  white  Juice  exudes,  which,  by 
exposure  to  the  air,  becomes  of  a  dark  brown  colour.  The  f^sh  juice  has  even 
a  more  powerful  odour  than  the  concrete  asafoetida,  which  resembles  that  of 
garlic.  The  Persians,  who  export  large  quantities  of  it,  are  compelled  to  hire 
vessels  on  purpose,  as  its  efi9uvia  penetrates  every  article  on  board,  and  spoils 
many  productions.  Asafoetida  is  of  a  yellowish  brown  colour,  of  an  acrid  taste, 
and  powerful  smell.  It  consists  chieny  of  gum,  resin,  and  earthy  matter.  In 
medicine  it  is  used  as  a  deobstruent,  and  sometimes  as  an  anthelmintic^  and  is 
useful  in  nervous  and  hysterical  afibctions. 

ASBESTOS  (andantAut),  A  fibrous  mineral,  found  in  large  'quantities  in 
Corsica.  It  is  also  procured  firom  Savoy,  France,  Scotland,  Sweden,  and  other 
places,  but  is  nowhere  so  abundant  as  in  Corsica.  The  fibres  of  asbestos 
were  formerly  manufactured  into  cloth,  which  was  employed  in  wrapping  the 
dead  body  intended  to  be  burned ;  the  asbestos  being  mcombustible  by  me  of 
the  ordinaiy  kind,  the  ashes  of  the  corpse  were  thus  preserved  distinct.  Nap- 
kins were  also  made  of  it,  which  were  cleansed,  after  use,  by  burning  instead  of 
washing.  Wicks  of  lamps  were  also  made  of  this  material,  and  ere  now,  in 
some  cases,  used  with  advanta^'e.  The  art  of  making  the  cloth  of  asbestos 
seems  to  have  been  entirely  lost  during  the  middle  ages.  The  Chevalier 
Aldini  has,  however,  b^  the  agency  of  steam,  succeeded  in  rendering  the  toudb 
and  brittle  fibres  sufficiently  pliable  for  weaving  into  cloth,  and  exhilnted  m 
London  gloves,  caps,  and  other  parts  of  dress  made  of  asbestos,  which,  as  bemg 
incombustible,  and  a  very  bad  conductor  of  heat,  he  proposed  should  be  worn 
by  firemen. 

ASFHALTUM.  Called  also  mineral  ^itch,  Jew's  pitch,  and  bitumen,  is  a 
hard  black  substance,  resembling  pitch  m  appearance,  but  having  a  higher 
internal  polish.  It  is  found  on  the  shores  of  the  Dead  Sea,  in  China,  America, 
and  some  parts  of  Europe.  Asphaltum  was  anciently  employed  in  embalming 
dead  bodies.  The  Temple  of  Jerusalem,  and  the  walls  of  Babylon,  are  said  to 
have  been  bmlt  of  stones  cemented  together  with  asphaltum,  for  which  purpose 
it  is  well  adapted.  It  is  sometimes  employed  in  making  black  varnish,  and  is 
a  component  of  the  beautiful  black  liquid  used  in  printing  Uie  numbers  on 
watch  and  clock  fiuses.  The  spec.  gray,  varies  from  1.07  to  1.65.  It  is  soluble 
in  oils  and  ether,  if  pure.  Asphaltum  was  formerly  employed  in  medicine,  but 
it  is  now  seldom  administered. 

ARTILLERY,  in  its  most  extended  sense,  is  applied  not  only  to  the  guns, 
projectiles,  powder,  carriages,  &c.  used  in  warfare,  out  to  the  men  employed  in 
working  them.  Military  engineering,  however,  not  according  wi^  tne  object 
and  scope  of  this  work,  the  information  afibrded  therein  on  the  subject  of  artil- 
lery is  confined  to  the  construction  of  the  most  improved  Fiaa-ARMS,  Ouhs, 
PaojscTiLBS,  &c.  which  see  under  their  separate  heads. 

ASSAY.  The  separation  of  a  valuable  metal  from  its  alloy  or  impurities. 
The  art  of  assaying  differs  from  that  of  analysis  in  this  respect :  by  analysis 
the  various  component  parts  of  the  mineral  or  alloy  are  separated,  and  their 
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respective  quantitiefl  estimated ;  by  assay  only  the  yaluable  metal  or  metals  is 
sought  for.     In  the  assay  of  gold  or  silver  alloys,  for  example,  the  inferior 
metals  are  dissipated,  and  the  quantity  estimated  only  by  the  loss  of  weight 
There  are  two  modes  by  which  the  art  of  assaying  is  performed,  and  sometimes 
one  is  employed  to  corroborate  the  other.   The  one  is  called  the  humid  process, 
by  which  a  solution  of  the  metals  is  effected  by  means  of  acids,  alter  which  those 
sought  for  are  precipitated  by  proper  re-agents ;  the  other  is  called  the  dry 
process,  and  is  performed  by  the  agency  of  fire.     In  the  mining  districts,  the 
comparative  value  of  some  ores  is  roughly  estimated  by  the  Sry  process  of 
assaying.   In  London,  the  mode  is  seldom  resorted  to,  except  for  the  purpose  of 
estimating  the  quantity  of  gold  or  silver  in  an  alloy.    The  quantity  of  these 
metals,  or  of  platinum,  in  any  alloy,  may  be  as  correctly  estimated  by  the  dry, 
as  by  the  humid,  process ;  we  shall  therefore  describe  the  mode  of  assaying 
those  alloys  in  this  article,  and  refer  the  reader  to  the  analysis  of  ores  (see  Oai) 
for  the  most  correct  mode  of  assaying  other  metallic  compounds.    An  alloy  of 
gold  is  assayed  by  detaching  from  different  parts  of  the  article  a  small  portion, 
by  a  knife  or  a  file,  until  the  requisite  number  of  grains  for  die  eneriment  is 
obtained.  These  beinf  carefiiUy  weighed,  are  wrapped  in  a  piece  or  sheet  lead, 
and  placed  in  the  bovrl  of  a  cupel,  and  exposed  under  a  muffle  to  an  intense 
heat    The  cupel  is  a  small  cubic  or  circular  solid,  with  a  cavity  on  the  upper 
surface  to  receive  the  metal ;  it  is  made  of  a  very  porous  material ;  tibe  ashes 
of  burnt  bones,  made  into  a  paste  with  water  and  slowly  dried,  are  generally 
employed  for  this  purpose.     When  the  alloy  and  lead  are  exposed  to  intense 
heat,  as  before  described,  fusion  of  the  whole  ensues,  but  the  lead  speedily 
becomes  converted  into  a  vitreous  oxide  or  glassy  fluid ;  this  powerfully  promotes 
the  oxidation  and  vitrification  of  any  inferior  metal  contained  in  Uie  alloy,  and 
when  they  are  thus  changed,  they  percolate  throujeh  the  porous  cupel,  and  leave 
only  a  globule  of  metal  not  oxidable  by  heat    This  globule,  therefore,  will  be 
of  gold  or  silver,  or  a  compound  of  tnem,  these  metals,  as  well  as  platinum, 
not  being  affected  by  the  action  of  fire  and  air.    To  separate  the  suver  from 
the  gold,  the  alloy  is  hammered  or  rolled  into  thin  plates,  and  digested  with 
dilute  nitric  acid ;  this  dissolves  the  silver,  but  does  not  act  on  the  gold.  When 
the  first  solution  is  poured  oS,  another  portion  of  nitric  acid  is  added,  to  effect 
a  perfect  solution  of  all  the  silver.    The  gold  is  now  left  as  a  porous  spongy 
mass,  and  when  washed  and  dried,  its  quantity  is  ascertained  by  weighine. 
If  the  quantity  of  silver  in  the  alloy  be  small,  the  excess  of  gold  defends  it 
from  the  action  of  the  nitric  acid ;  the  process  called  quartation  must  therefore 
be  resorted  to.    This  consists  in  adding  three  parts  of  silver  to  the  mass,  and 
fusing  them  together.  The  silver,  then,  bein^  m  excess,  is  all  separated  by  the 
mode  before  described.    The  quantity  of  silver  may  be  ascertained  by  pre- 
cipitating it  from  the  solution  with  muriate  of  soda.    An  insoluble  substance, 
chloride  of  silver,  is  thus  formed,  which,  when  carefiilly  washed,  dried,  and 
weighed,  will  indicate  the  quantity  of  the  metal,  100  parts  of  the  chloride  con- 
tainmg  75|  of  silver.    In  estimating  the  commercial  value  of  gold  and  silver 
articles,  they  are  said  to  be  so  many  carats  fine :  the  carat  does  not  denote  any 
specific  weight,  but  a  part     Each  article  is  said  to  contain  24  carats,  whatever 
may  be  its  weight;  and  the  quantity  of  alloy  in  carats,  or  parts,  is  deducted  from 
the  whole.    Thus,  if  an  alloy  contain  4  parts  of  inferior  metal,  it  is  said  to  be 
20  carats  fine;  if  it  contain  6,  it  is  of  18  carats  fine,  which  is  the  standard  of 
jewellery  in  England.    In  France,  where  every  small  article  of  gold  is  assayed 
before  it  is  permitted  to  be  sold,  a  different  mode  of  assay  is  adopted.    The 
trinket  is  rubbed  on  a  black  touchstone,  formed  of  the  black  basaltes ;  black 
flint  or  pottery  wiU  answer  the  purpose  as  well.    The  jeweller  states  the  quan- 
tity and  nature  of  the  alloy  employed  in  the  article,  and  the  mark  it  makes  on 
the  touchstone  is  comparea  with  a  similar  mark  made  by  a  needle  composed  of 
the  same  metals  and  tne  same  proportions.    If  they  correspond  in  appearance, 
and  are  not  differently  affected  oy  nitric  acid  or  heat,  the  alloy  is  pronounced 
to  be  of  a  similar  kind  to  the  needle.   A  great  number  of  assay  needles,  formed 
of  different  proportions  of  alloys,  are  necessary  for  this  mode  of  assay,  and  long 
practice  and  experience  in  the  artist  are  indispensable.    He  is  guided  in  the 
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riition,  not  mereljr  by  the  appearance  of  the  stroke  on  the  touchstone,  but 
by  the  comparative  roughness  or  smoothness,  dryiiess  or  greasiness,  which 
is  observed  in^  rubbing.  The  ^old  coin  of  Great  Britain  is  22  carats  fine : 
silver  coin  is  composed  of  12}  silver  and  1  of  copper.  An  alloy  of  silver  with 
an  inferior  metal  is  assayed  by  cupellation  alone,  the  process  of  ouartation  not 
being  necessary.  A  given  portion  is  placed  in  the  cupel  with  a  sufficient 
quantity  of  lead,  and  exposed  under  a  muffle  to  intense  heat,  until  the  lead 
and  other  inferior  metals  are  vitrified  and  absorbed  by  the  cupel.  The  workman 
Is  guided  in  this  operation  by  the  appearance  of  the  melted  globule.  Until  the 
last  portions  of  the  alloy  have  passed  through  the  cupel,  the  mass  appears  to 
be  m  a  state  of  commotion  or  ebullition ;  but  when  they  are  absorbed,  the  silver 
becomes  quiescent,  and  exhibits  brilliant  prismatic  colours. 

ASTRINGENT.  A  substance  possessing  a  peculiar  rough  austere  taste. 
This  is  remarkable  in  the  tinctiure  of  galls,  bark,  the  husks  of  walnuts,  green 
tea,  port  wine,  &c.  Leguin  first  observed  Uiat  the  astringent  principle  might 
be  separated  firom  the  tincture  of  galls  b]^  albumen,  with  which  it  forms  an  in- 
soluble compound.  Astringents  are  sometimes  called  tannin,  and  are  extensively 
employed  in  tannine  leather.  Astringents  are  used  in  medicine  to  relieve 
diarrhoea,  and  as  tonics. 

ASTROSCOPE.  An  astronomical  instrument,  composed  of  two  cones,  on 
whose  surfaces  are  exhibited  the  stars  and  constellations,  by  means  of  which 
they  are  both  easily  found  in  the  heavens. 

ATHANOR.  A  kind  of  furnace,  which  has  long  since  fallen  into  disuse. 
The  very  long  and  durable  operations  of  the  ancient  chemists  rendered  it  a 
desirable  requisite  that  their  fires  should  be  constantly  supplied  with  fiiel  in  pro- 
portion to  tne  ccmsumption.  The  athanor  furnace  was  peculiarly  adaptea  to 
this  purpose.  Beside  the  usual  parts,  it  was  provided  with  a  hollow  tower, 
into  which  charcoal  was  put.  The  upper  part  of  the  tower,  when  filled,  was 
closely  shut  by  a  well-fitted  cover,  and  the  lower  part  communicated  with  the 
fire-uace  of  the  furnace.  In  consequence  of  this  disposition,  the  charcoal  sub- 
sidea  into  the  fire-place  gradually,  as  the  consumption  made  room  for  it ;  but 
that  which  was  contained  in  the  tower  was  defended  from  combustion  by  the 
exclusion  of  a  proper  supply  of  air.  A  variety  of  domestic  stoves  for  burning 
bituminous  coal,  on  the  same  principles,  but  with  a  different  object, — that  of 
burning  the  smoke,  have  of  late  years  been  introduced  and  patented.  See 
Stove,  and  Grate. 

ATMOMETER.  The  name  given  to  an-  instrument,  by  its  inventor.  Pro- 
fessor Leslie^  to  measure  the  quantity  of  exhalation  from  a  humid  surface  in 
a  given  time.  A  thin  ball  of  porous  earthenware,  2  or  3  inches  in  diameter, 
with  a  small  neck,  has  cemented  to  it  a  long  and  rather  wide  tube  of  glass, 
bearing  diyisions,  each  of  them  corresponding  to  an  internal  section,  equal 
to  a  Sua  of  liquid  that  would  cover  the  outer  surface  of  the  ball  to  the  thick- 
nesB  of  ,-jj|  part  of  an  inch.  These  divisions  are  ascertained  by  a  simple  calcu- 
lation, and  numbered  downwards  to  the  extent  of  100  or  200.  To  the  top  of 
this  tube  is  fitted  a  brass  cap,  having  a  collar  of  leather,  and  which,  after  the 
cavity  has  been  filled  with  distilled  or  boiled  water,  is  screwed  tight  The  out- 
lide  of  the  baU  being  now  wiped  diy,  the  instrument  is  suspended  out  of  doors 
to  the  firee  action  of  the  air.  The  quantity  of  evaporation  fi:om  a  wet  ball  is 
the  same  as  firom  a  circle  having  twice  the  diameter  of  the  sphere.  In  the 
atmometer,  the  humidity  transudes  through  the  porous  substance  just  as  fast  as 
it  evaporates  firom  the  external  surface ;  and  this  waste  is  measured  by  the  cor- 
responding descent  of  the  water  in  the  stem.  As  the  process  goes  on,  a  corre- 
sponding portion  of  air  is  likewise  imbibed  by  the  moisture  on  the  outside,  and 
being  introduced  into  the  ball,  rises  in  a  small  stream  to  replace  the  water.  The 
rate  of  evaporation  is  nowise  effected  by  the  quality  of  the  porous  ball,  but 
oontinues  the  same,  whether  the  exhaling  surface  a^^ars  almost  dry,  or  glisters 
with  superfluous  moisture.  When  the  consumption  of  water  is  excessive,  it  may 
be  allowed  to  percolate  gradually,  without  dropping,  by  unscrewing  the  cap.  In 
a  review  of  Leslie's. Meteorology,  published  in  the  Journal  of  Science,  for  Oct 
1822,  the  writer  recommends  a  vessel  of  porous  earthen ware»  of  a  given  surfaccf 
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filled  with  water,  to  be  poised  at  the  end  of  a  balance,  and  the  loss  of  weight 
which  it  Buffers  by  evaporation  in  a  given  time,  to  be  noted.  A  thennoineter 
being  inserted  into  the  mouth  of  the  vessel,  will  indicate  the  temperature  of  the 
evaporating  mass,  and  would  form,  at  the  same  time^  a  good  hygrometer,  on 
Dr.  Black's  principle,  that  the  degree  of  cold  generated  bv  evaporation  is  jpn»- 
portional  to  the  dryness  of  the  air.  See  Ledk  ofi  Heat  anaMoittmrt;  aJso  1/rv's 
l)ieiionarv. 

ATTAR  OF  ROSES.  An  enential  oil,  obtamed  from  roses,  of  great  value, 
and  possessing  wonderful  odoriferous  properties.  Gareepon  is  celebrated 
throughout  India  for  the  beauty  and  extent  of  its  rose  gardens ;  the  rose-fidda 
occupy  many  hundred  acres ;  the  roses  are  cultivated  for  distillation,  and  for 
makmg  attar.  The  price  of  a  sieve,  or  two  pounds'  weight,  ^a  large  quart)  of 
the  best  rose-water,  is  eight  lenas,  or  a  shilhng.  The  attar  is  obtained  f^r 
the  rose-water  is  made,  by  setting  it  out  during  the  night,  until  sunrise,  in  large 
open  vessels,  exposed  to  the  air,  and  then  skimming  ot  the  essential  oil,  which 
floats  on  the  top.  To  produce  one  rupee's  weight  of  attar,  200,000  well-grown 
roses  are  required.  'The  juice,  even  on  the  spot,  is  extravagantly  dear, — a 
rupee's  weight  being  sold  at  the  bazaar  (where  it  is  often  sidulterated  with 
sandal-wood  oil)  for  80  s.  r.,  and  at  the  English  warehouse  for  100  s.  r.  or  102. 
sterlii^.  Mr.  Mellville,  who  made  some  for  himself,  said  he  calculated  that  the 
rent  of  the  land  and  price  of  utensils  really  coet  him  5L  for  the  above  quantity. 

ATTRACTION  denotes  the  tendency  which  is  observed  in  bodies  to  approach 
and  adhere  to  each  other;  it  is  also  sometimes  employed  to  signify  the  unknown 
cause  of  tliis  tendency.  It  assumes  various  names,  according  to  the  drcum- 
stances  in  which  it  acts.  Thus  we  have  the  attraction  of  gravitation — ^the 
attraction  of  electricity,  or  electrical  attraction— the  attraction  of  magnetism- 
cohesion,  and  chemical  a£Bnity.  The  first  three  of  these  act  at  sensible  dis- 
tances, but  the  range  of  the  other  two  is  too  limited  to  be  appreciated  by  the 
unassisted  senses. 

The  Attraction  nf  QramtaiUm  is  the  power  that  upholds  the  whole  planetery 
system,  and  retains  bodies  on  the  surface  of  our  eartn ;  its  action  is  perceptibw 
at  the  remotest  part  of  the  solar  system,  and  is  even  manifest  among  the 
fixed  stars  and  nebulsB.  The  laws  to  which  the  manifestations  of  this  power 
are  subject  will  be  stated  under  the  article  on  GaAvtrr:  at  present,  we  shall 
confine  ourselves  to  a  statement  of  two  experimenti  connected  with  this 
subject,  which  will  clearly  evince  the  existence  of  this  power  as  inherent,  not 
only  in  the  earth,  as  a  distinct  body,  but  in  small,  and  even  detached  portions 
of  its  surface.  The  first  of  these  experiments  was  made  by  Dr.  MaskMine,  on 
the  mountain  Shebralien,  in  ScotUmd.  A  long  plumb-line,  attached  to  a 
telescope,  was  suspended  successively  on  the  nortn  and  south  sides  of  the 
mountain,  when  it  was  found,  on  ea<m  occasion,  that  the  plumb^ine  did  not 
hsng  perpendicularly,  but  was  deflected  towards  the  mountain.  The  other 
experiment  was  made  by  Mr.  Cavendish,  who,  by  means  of  a  long  and  fine 
silver  wire,  suspended  a  slender  deal  rod,  so  that  it  might,  by  twistinff  the  wire, 
vibrate  freely  in  a  horixontal  plane.  Small  balls  of  Irad  were  attained  to  the 
ends  of  the  deal  rod,  and,  by  means  of  mechanism,  larger  balls  of  that  metal 
were  carefidlv  brought  near  to  the  smaller  ones.  At  each  approach  of  the 
larger  baUs,  the  smaU  ones  were  sensibly  attracted,  made  to  vibrate^  and  finally 
arrange  themselves  in  a  new  position. 

Attraction  of  EledricUp  is  that  which  occun  between  two  bodies,  one  of 
which  is  electrified  positively,  and  the  other  negativelv ;  or  one  of  which  is 
positive  or  negative,  and  the  other  in  its  natural  state,  it  is  probaUe^  however, 
that  this  last  case  is  merely  apparent,  since  every  body,  when  brought  near  to 
an  electrised  body,  becomes  itself  electrical  by  induction.    See  Elbctricitt. 

Attraction  of  Magnetiim  is  that  which  takes  place  when  a  loadstone  or  an  arti- 
ficial magnet  u  approximated  to  a  piece  of  iron  or  steeL  It  also  occurs  when 
the  south  pole  of  one  magnet  b  made  to  approach  the  north  pole  of  another. 

Cb^emw  Attraction  is  that  which  subsists  among  the  minutest  partaoles  or 
atoms  of  a  body,  forming  them  into  a  solid  mass.  In  gases,  this  power  appears 
to  be  whoHy  deficient,  or  at  least  more  than  counteracted  by  the  effects  of  an 
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antagonist  power-^repulnon.  In  liqmds  there  are  but  small  manifestations  of 
its  eziitencey  bat  in  solids  it  evinces  itsdf  in  the  most  decided  and  conspicuous 
manner.  The  intensity  of  the  cohesive  force  varies  in  different  bodies,  whether 
sdid  or  liquid, — a  circumstance  which  renders  a  knowledge  of  its  laws  of  tiie 
greatest  importance  to  mechanics,  engineers,  and  other  practical  men.  For  the 
ekicidalion  of  these  laws,  and  the  facts  on  which  they  are  founded,  see  Cohesion. 

Chemical  AUraetUm  is  that  which  connects  the  particles  of  different  bodies, 
and  forms  them  into  compound  substances.  Thus,  the  power  that  unites  the 
particles  of  a  mass  of  copper  is  cafled  cohenon ;  but  that  which  causes  the  union 
of  copper  with  sulphuric  add,  or  nitric  acid,  8o  as  to  form  sulphate  or  nitrate  of 
copper,  is  denominated  chemical  attraction,  affinity,  elective  attraction,  or  attrac- 
tion of  composition.  Hence  we  see  that  chemical  attraction  and  cohesion  co- 
eszist  in  the  same  body.  Thus,  in  the  sulphate  of  copper,  one  particle  of  sulphate 
of  copper  is  connected  with  another  particle  by  cohesion ;  while,  at  the  same 
time,  the  paiticles  of  sulphuric  acid  are  connected  with  those  of  copper  by 
chemical  amnity.    See  Chbmistrt. 

AUGER.  The  name  of  a  very  efficient  instrument,  extensively  used  by  car> 
pentera,  and  otiier  mechanics,  for  boring  holes  in  wood.  There  are  several 
varieties  adapted  to  their  peculiar  offices,  or  to  the  prejudices  of  workmen.  The 
oldest,  or  common  auger,  has  a  lone  iron  shaft,  with  a  larse  cross  handle  at 
rieht  angles  to  it,  at  the  top,  for  enabhng  the  workman  to  ap]^y  botii  his  hands 
with  a  considerable  leverage,  in  turning  round  the  shaft,  into  which  is  welded  a 
semi-cylindrical  piece  of  steel,  from  3  to  6  inches  in  length,  which  varies  with 
the  sixe  or  diameter  of  the  hole  made  by  the  instrument;  the  extremity  of  this 
piece  is  furnished  with  a  sharp  tooth,  and  a  cutting  edge,  which  is  a  small 
portion  of  a  sfnral,  and  inclined  so  as  to  cut  as  a  chise^  the  edge  operating  upon 
a  radical  line  proceeding  from  the  centre  of  the  hole ;  and,  as  it  is  being  con- 
stantly turned  m  a  cireiuar  direction,  the  chips  of  wood  are  turned  out  in  spiral 
pieces,  and  are  received  into  the  semi-cylinder  above,  which  has  usually  one  of 
Its  longitudinal  edges  a  littie  sharp  to  keep  the  sides  of  the  perforator  dean.  The 
upper  portion  of  the  shaft  is  made  smaller  than  the  lower,  or  sted  part,  for  facili- 
tatmg  the  escape  of  the  chipi,  and  to  enable  the  instrument  to  pass  tne  bore  hedy. 

Another  instrument,  differing  from  the  foregoing,  is  provided  at  its  extremity 
with  a  conicd  screw,  Uke  a  gimlet,  for  pierdng  the  wood  the  more  readily  and 
truly.  We  have,  indeed,  frequentiy  noticed  in  well-made  augers  of  this  kind, 
that  no  pushing,  or  rectilineal  force  whatever  is  required,  the  screw  keeping 
them  alwajTs  up  to  their  work. 

In  a  third  instrument,  chiefly  used  by  shipwrights,  that  portion  of  steel,  al- 
ready described,  as  of  a  semi-cylindrical  form  in  the  common  auger,  is  dtogether 
in  this  made  of  a  spird  figure,  and  is  found  to  &cilitate  the  boring  materialhr, 
beddes  preventing  all  liabuity  of  the  chips  becommg  jammed  or  dogged  in  the 
tool,  which  pass  nedy  through  the  spiral  channels,  and  are  discharged  exter« 
Bally  as  the  perforation  is  continued. 

A  patent  for  an  improvement  upon  the  last-mentioned  auger  was  taken  out 
about  ten  vears  ago,  by.  Dr.  Church,  of  Burmingham ;  but  the  origindity  of  his 
invention  has  been  the  subject  of  dispute.  In  the  specification  of  the  patent, 
the  prindple  of  the  inventor  is  stated  to  consist  in  forming  an  instrument  of  a 
fadied  figure,  by  winding  a  bar  of  steel  of  a  '*  mixUknear  trapeaoid"  shape, 
round  a  cyUndncd  mandrel,  by  which  a  circular  hole  is  formed  throughout 
its  length,  for  the  insertion  of  a  movable  centrd  guide-pin ;  the  upper  end  of 
this  centrd  pin  is  screwed  into  the  shank  of  the  auger,  and  the  lower,  or 
working  part,  is  furnished  with  a  wood  screw ;  the  office  of  the  latter  is  to  draw 
die  auger  into  the  wood  as  it  is  turned,  the  cutting  edges  on  the  hebcd  part  at 
the  same  time  clearing  the  wood  as  this  auger  deepens  in  the  perforation.  In 
grinding  and  sharpening  the  ed^es  of  the  auger,  tne  centrd  pm  is,  of  course, 
removed  for  the  purpose ;  and  it  is  obvious  that  the  edges  may  be  ground  and 
aharpened  as  long  as  any  of  the  spird  sted  bar  remams,  wmch  renders  the 
instrument  extremdy  valuable,  as  one,  with  proper  care,  may  be  made  to  last 
a  man's  life-time.  This  auger,  besides^  far  surpasses  all  others  by  the  rapidity 
and  fiKility  of  its  operation. 
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Auger  fw  makmg  tqtuare  holes, — It  appears  that  endeavoun  to  supersede  the 
tedious  and  somewhat  difficult  process  or  truly  forming  square  and  ouier  shaped 
holes,  varying  from  the  circular,  by  means  of  mortice-cnisels,  were  made  both 
in  this  country,  and  in  America,  at  about  the  same  period  of  time.  A  machine 
for  this  purpose,  invented  bv  Mr.  A.  Branch,  of  New  York,  was  described  in 
the  Franklin  Journal  of  Philadelphia,  in  the  year  1826.  It  was  stated  to  con- 
sist of  an  auger,  formed  like  the  American  screw  auger,  with  the  twisted  part 
inclosed  in  a  case  or  socket,  extending  from  the  upper  part  of  tlie  twist  to  the 
cutting  edge,  allowing  the  small  entering  screw  to  project  beyond  it.  The  ex- 
ternal form  of  the  socket  is  either  square,  or  otherwise,  according  to  the 
intended  shape  of  the  hole  to  be  borea,  a  laige  portion  of  its  sides  being  cut 
away  to  allow  the  chips  to  escape.  The  lower  end  of  the  socket  is  of  steel,  with 
a  sharp  cutting  edge,  oevelled  towards  the  inside.  The  cutting^edges  are  not 
allowed  to  terminate  in  right  lines,  but  are  made  concave,  so  as  to  admit  the 
angular  points  to  enter  the  wood  first,  this  causing  it  to  cut  with  greater  ease, 
and  more  smoothly  than  it  otherwise  would.  The  upper  part  of  the  socket 
forms  a  collar,  which  works  freely  on  the  shank  of  the  auger,  just  above  the 
twisted  part,  and  is  retained  in  its  place  by  a  pin  and  other  appendages.  When 
a  longitudinal  hole,  or  mortice,  is  wanted,  two  or  more  augers  are  placed  side 
by  side,  furnished  with  their  appropriate  sockets,  and  retained  in  their  places 
by  obvious  contrivances."  The  same  journal  stated  that  it  was  very  efficient  in 
its  operation,  boring  a  souare  hole  with  well  defined  angles,  with  nearly  the 
same  rapidity  as  a  round  one  of  the  same  diameter,  and  forming  it  with  a 
degree  of  truth  unattainable  by  the  ordinary  methods.  Upon  the  publication  of 
Mr.  Branch's  invention  in  this  country,  the  editor  was  invited  by  Mr.  Thomaa 
Hancock,  of  Goswell-Street  Road,  to  see,  in  his  manufactoiy,  a  similar  machine, 
constructed  by  him  several  years  previous ;  and  having  proved  its  efficacy  by 
boring  a  considerable  number  of  square  holes  with  great  facility,  and  finding 
that  the  angles  were  perfect,  and  the  holes  clean,  and  exactly  uniform  through- 
out, we  were  induced  to  make  a  precise  drawing  of  it,  a  representation  of 
which,  on  a  scale  of  one-third  (lineal  measure)  of  the  original,  is  given  in  the 
subjoined  engraving.  At  a  o,  Fig.  1,  is  a  strong  iron  frame  or  support,  fixed 
by  sci-ew-bits  bb  to  the  work-bench  c  ;  <i  is  an  octagonal  iron  socket,  containing 
a  brass  bush,  tapped  to  receive  the  vertical  screw  e  e;  to  tliis  screw  is  affixed, 
by  a  circular  tenon  and  mortice,  the  square  perforating  instryment  /,  which 
accurately  fits  and  slides  up  and  down  through  a  rectangular  hole,  in  a  guide  of 
brass  g,  when  the  screw  e  is  turned  by  the  cross  handle  at  top;  so  that  the 
square  incision  is  made  by  direct  pressure  downwards,  at  the  same  time  that 
the  revolving  centre-bit  m  cuts  out  a  completely  round  hole,  the  chips  rising  up 
and  passing  out  at  the  two  open  sides  of  tne  square  cutter ;  h  represents  a  piece 
of  wood  in  the  act  of  being  oored,  the  dotted  lines  showing  the  depth  to  which 
the  perforation  has  reached ;  a  small  piece  of  wood  i  is  placed  underneath,  to 
prevent  injury  to  the  cutting-tool,  by  coming  in  contact  with  the  cross  iron 
plate  k;  the  bolts  b  b  passing  through  t  as  well  as  k^  secure  both  finnly  to  the 
bench  c.  Itg,  2  exhibits  the  cutting  part  of  the  instrument,  separately,  on  an 
enlarged  scale,  with  the  lowermost  portion  in  section ;  the  tenon  i  is  inserted 
into  a  cavity  in  the  screw  e,  Fig,  1,  and  made  fast  by  a  cross  pin,  which  goes 
through  both ;  by  this  arrangement  the  instruments  can  be  readily  exchanged 
for  others  of  different  dimensions ;  the  lower  extremity  of  this  revolving  piece 
is  formed  into  a  centre-bit  m,  which,  owing  to  the  collars  n  n,  cannot  ascend 
or  descend  withont  the  square  instrument,  which  accurately  cuts  out  the  angles 
beyond  the  range  of  the  circular  incision  made  by  the  rormer.  The  square 
cutting-tool  is  made  of  a  bar  of  steel,  with  a  hole  drilled  out  of  the  solid,  in  the 
manner  shown  by  the  end  view,  Ftg.  3,  and  the  edges  are  then  formed  by  filing 
and  grinding  them  to  the  bevels,  or  angles,  shown  in  section  by  Fig.  2.  Fig,  4 
represents  a  similar  view  of  the  end  of  the  instrument,  but  with  the  centre-bit 
in  its  place.  It  will  be  readily  perceived  that  a  square  tool,  by  repeating  the 
incisions  side  by  side,  close  togf  tner,  may  be  made  to  produce  a  cavity  of  the 
figure  of  any  rectangular  parallelogram  of  any  length  or  breadth,  larger  than 
the  instrument  employed.    The  same  effect  may  Ukewise  be  produced  by  a 


it  of  centre  faiu  or  ciiwilar  cutten,  tide  b; 
otber,  which  will  oaie  them  aR  to  boTB  nmultaniouil;  ;   b  single  external  isc- 


jpper  eztremiuea  or  bzgb,  giving  into  e 


dlineal  cutter,  emhracing  bU  the  centre  bid,  would  then  luffice  for  the  purpose. 
In  like  maiuier,  any  acute  oi  obtiue-tingled  figure,  uij  poiyrDn,  or  any  figure 
with  curred  ddei,  mtKht  be  made  of  any  size  vhatever.    Bj  the  constmctioll 


of  the  machine  deacriMd,  it  will  be  peicured  that  it  b  necenary,  in  changing 


ibe  tool,  to  change  also  the  guide-jnece  through  which  it  thdes  The  tcremng 
and  unscrewing  of  the  gui£*  majr,  however  be  avoided,  hy  henng  tenons  in 
the  latter  of  an  uniform  liie,  to  fit  in  a  mortice  in  the  upright  iron  fmme  and 
in  manufacloriei  where  ■  great  variety  of  mortieei  have  to  be  made,  we  would 
suEg«it  another  mode,  in  which  the  trouble  of  changing  the  guides  would  be 
stifi  less  :  it  is  to  have  a  ^ide  Kheel  turning  horizontally  upon  the  upright  bar 
a  ai  ita  axis  ;  on  the  circumference  of  the  «:hee)  should  be  made  &  aeries  of 
I,  corresponding  with  Ibe  form  of  the  tools  and  of  the  mortices  required. 
'ndeed,  most  of  the  tools  might  be  left  in  the  guide-wheel. 
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ready  to  bring  any  one  of  them  into  action  under  the  screw,  by  ju»t  tuniing  the 
wheel  round.  In  those  branches  of  business  wherein  a  ereat  number  of  mor- 
tices are  required  of  one  size,  a  machine  of  the  kind  described  will  be  most 
valuable ;  and  as  it  requires  no  skill  in  the  operator,  a  boy,  or  a  mere  labourer, 
will  perform  the  operation  as  well  as  the  most  experienced  workman.  Chair 
makers  might  adant  a  machine  on  this  principle  to  their  work  with  important 
advantages ;  wheelwrights,  also,  for  morticing  out  their  naves.  In  th6  large 
workshops  of  caroenters,  an  instrument  of  the  kind  described  would  forward  a 
great  deal  of  work  in  framing,  as  it  mip^ht  easily  be  so  modified  as  to  perform 
ttie  office  also  of  a  cramn  to  draw  the  jointed  parts  of  the  work  into  close  eon- 
tact  It  is  to  be  observeo,  that  Mr.  Branch's  instrument  is  the  same  in  niindple 
as  Mr.  Hancock's,  but  that  it  wOl  require  some  modifications  to  render  it  aa 
efficient  an  instrument 

AURUM  MUSIVUM,  or  Mosaicum,  is  a  combination  of  tin  and  sulphur, 
having  the  appearance  of  bright  gold  in  powder.  It  is  used  by  japanners^  and 
for  vamishea  works,  as  snunhbozes,  tea-trays,  &c.  also  to  statue  and  plaster 
figures.  The  usual  process  of  preparing  it  is  as  follows :  amalgate  12  parts  of 
the  purest  tin  with  3  parts  of  mercury ;  the  amalgam  is  then  triturated  in  a 
stone  mortar  with  7  parts  of  the  flour  of  sulphur,  and  3  parts  of  muriate  of 
ammonia.  The  mixture  is  next  put  into  a  matrass,  and  the  whole  exposed  to  a 
gentle  sand  heat,  until  no  more  white  fumes  arise.  After  this,  tne  heat  is 
somewhat  raised,  and  cinnabar  sublimes,  together  with  some  oxygenated  muriate 
of  tin,  while  at  ^e  same  time  the  remaining  tin  and  sulphur  unite,  forming  the 
aurum  musivum,  exhibiting  a  golden  yeUow,  and  flaky  scalv  matter  of  a  metallic 
lustre.  The  principal  point  to  be  attended  to  is  the  reeiilation  of  the  fire;  for 
if  the  heat  be  too  great,  the  aurum  musivum  fuses  to  a  dark-coloured  sulphuret 
of  tin.  The  process  of  the  Marquis  de  Bouillon,  as  described  by  Chaptal,  diflers 
from  the  foreeoing  in  the  proportions;  and  the  experiments  of  the  latter  chemist 
are  also  worUiy  of  notice.  The  marquis's  ]^roces8  consisted  in  amalgamatinff 
8  oz.  of  tin  with  8  oz.  of  mercury,  and  mixmg  with  this  6  oz.  of  sulj^ur,  and 
4  oz.  of  muriate  of  ammonia,  lids  mixture  is  to  be  exposed  for  three  hours  to 
a  sand  heat,  sufficient  to  render  the  bottom  of  the  matrass  obscurely  red  hot 
Chaptal,  however,  found  that  if  the  matrass  containing  the  mixture  were  exposed 
to  a  naked  fire  and  violently  heated,  the  mixture  took  fire,  and  a  sublimate  waa 
formed  in  the  neck  of  the  matrass,  consisting  of  the  most  beautiful  aurum 
musivum  in  large  hexagonal  plates.  Bergman  mentions  a  native  aurum  musivum 
firom  Siberia,  consisting  of  tin,  sulphur,  and  a  small  proportion  of  copper. 
According  to  Dr.  John  Davy,  die  aurum  mosaicum,  or  mosaic  gold,  consisted 
of  100  tin,  and  56.25  sulphur.  Berzeltus  makes  the  proportions  100  tin,  and 
52.3  sulphur.  The  mean  of  those  results,  viz.  100  tin  4- 54.2  sulphur,  may 
therefore  be  regarded  as  the  correct  proportions.  A  few  years  ago  a  patent  was 
taken  out  bv  Messrs.  Parker  and  Hamilton,  for  an  alloy  of  copper  and  zinc,  which 
they  termed  the  true  mosaic  gold.  The  specification  directs  that  equal  quantities 
of  copper  and  zinc  are  to  be  melted  at  the  lowest  tem^eraturo  at  which  the 
former  will  fuse,  when  they  aro  to  be  well  stirred  and  mixed  together ;  small 
quantities  of  zinc  are  then  added  by  degrees,  until  the  alloy  assumes  the  desired 
colour.  It  is  essential  that  the  heat  should  be  as  low  as  possible,  to  prevent  the 
rapid  evaporation,  of  the  zinc.  The  alloy  first  assumes  a  yellow  colour;  the 
addition  of  more  zinc  turns  it  first  to  a  purplish  tint,  which  ultimately  becomes 
perfectly  white,  which  is  the  colour  it  should  have  when  in  a  state  of  fusion.  It 
may  then  be  cast  into  ingots  for  use ;  but  it  is  preferable  to  cast  the  alloy,  in 
the  first  instance,  into  Uie  forms  required,  as  a  portion  of  the  zinc  ffies  off  on 
remelting. 

AUTOMATON.  In  the  strict  sense  of  the  word,  a  piece  of  mechanism  in 
which  the  effects  are  produced  by  some  inanimate  force  contained  within  it ; 
the  word  is,  however,  more  commonly  used  to  signify  a  piece  of  mechanism 
made  to  resemble  some  animal,  whose  motions  it  imitetes  by  means  of  internal 
machinery,  which  being  concealed  from  the  spectator,  gives  it  an  apparent 
power  of  acting  by  volition.  Numerous  descriptions  of  automate  of  this  claas 
are  to  be  found  in  the  writings  of  various  authors,  amongst  the  most  admirable 
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•f  which  may  he  ranked  the  automaton  flute-plaver  of  M.  Vaacauson,  of 
which  the  ingenicos  inventor  published  a  yery  full  description.  It  is  to  be 
regretted  that  this  description  was  not,  at  least  as  far  as  we  can  find,  accom- 
named  bv  drawings,  which  were  desirable  for  the  better  elucidation  of  the  sub- 
ject We  are,  on  this  account,  induced  to  relinquish  our  desire  to  give  place  to 
It  here,  and  must  content  ourselves  merely  by  observing,  that  Uie  figure  was  of 
the  natural  rize,  and  that  the  different  notes  were  produced  by  a  ciurrent  of  air, 
m^ged  by  bellows  contained  within  the  pedestal  on  which  it  was  placed,  and 
pasnng  through  the  lips  into  a  flute,  the  holes  of  which  were  stopped  by  the 
motion  of  the  fingers  of  the  figure,  whose  tongue  and  lips  were  Ukewise  movable, 
and  aided  in  the  modulation  of  the  sounds.  The  same  artist  also  subsequently 
produced  another  figure,  renresentiziff  a  Provenpal  shepherd  playing  on  a  pipe, 
and  beatine  a  tabor,  which  ne  describes  as  attended  with  greater  difficulty  in  the 
ezeention  man  the  preceding  one.  But  of  the  many  inventions  of  this  description, 
none  have  attained  such  celebrity  as  the  automaton  chess  player  of  Baron  de 
Kempdbn,  of  Vienna.  It  was  a  figure,  representing  a  Turk  seated  at  a  square 
taUe^  or  chest,  the  top  of  which  formed  the  chess-bo^d,  on  which  the  automaton 
made  the  various  movements.  It  was  exhibited  in  most  of  the  leading  cities  of 
Enrone,  but  the  principles  of  its  construction  were  never  disclosed ;  nor,  although 
it  had  been  frequently  asserted  by  many  persons  that  the  whole  was  a  trick,  and 
that  the  motions  were  produced  by  an  individual  concealed  within  the  figure, 
various  ways  in  which  this  might  be  eflfected  being  pointed  out,  was  any  exami- 
nation permitted  snfficiently  strict  to  lead  to  the  exposure  of  the  deception,  if 
any  was  practised.  The  exhibiter  afiTected  oreat  apparent  openness  in  displajring 
ike  various  machinery  of  wheel-work  ana  levers  which  the  interior  certainly 
did  contain ;  but  this  might  have  been  placed  there  as  much  for  the  purpose  of 
ai£ng  in  a  deception,  as  for  any  usefid  object  When  the  writer  saw  the  figure, 
daring  its  exhibition  in  the  Haymarket,  in  1816,  it  was  shown  in  a  manner  which 
precluded  any  dose  examination ;  the  spectators  were  ranged  upon  a  series  of 
riliiig  benches,  at  a  considerable  distance  horn  the  figure ;  the  attendant  first 
opened  several  doors  in  the  machine  in  succession,  to  show  that  no  person  was 
concealed  within  it ;  the  doom  being  then  closed,  the  machine  was  wheeled 
rannd  the  room,  that  it  might  be  seen  there  was  no  connexion  with  the  floor. 
Hie  game  then  commenc^;  the  person  who  played  against  the  figure  was 
seated  at  a  small  table,  raQed  off  at  son^e  distance  from  it,  and  had  before  him 
a  chcM-board,  with  the  full  complement  of  black  and  white  chess-men ;  the 
chess-board  before  the  figure  was  furnished  in  a  similar  manner.  When  the 
player  made  a  move,  the  attendant  made  a  similar  move  upon  the  chess-board 
of  the  automaton ;  and  when  the  latter  moved,  the  attendant  repeated  the  move 
vpon  the  chess-board  of  the  person  playing.  Without  pretending  to  explain  the 
manner  in  which  the  motions  of  the  figure  were  produced,  we  think  tnat  from 
the  very  nature  of  the  thing  we  may  assert  that  they  were  not  effected  by  the 
mechanism  contained  within  it,  for  we  consider  mere  machinery  utterly  incom- 
petent to  produce  the  requisite  effects.  We  shall  proceed  to  atete  the  grounds 
on  which  we  have  come  to  this  conclusion.  Any  variety  of  movemento  which 
are  required  to  follow  each  other  in  a  certotn  order  of  succession,  may  doubtiess 
be  produced  by  mechanism,  as,  for  instance,  the  striking  parts  of  a  clock,  or, 
more  especially,  in  the  calculating  machine  of  Mr.  Babbage ;  nor  is  it  necessary 
that  the  succession  be  in  any  regular  order,  provided,  as  in  the  kaleidoscope, 
the  icaolto  may  be  altogether  arbitrary,  or  the  effect  of  accidental  combinations; 
hot  the  moves  at  chess,  although  they  follow  no  regular  order  of  succession, 
tn  they  may  be  infinitely  varied,  may  yet  not  be  made  indiscriminatelv,  but 
depend  upon  circumstances  beyond  the  control  of  the  machine^  such,  for 
instance^  as  the  moves  of  the  antagonist,  or  the  number  and  position  of  the 
fieeca  on  the  board.  From  these  considerations,  we  conclude  either  that  the 
motions  are  eovemed  by  some  person  firom  without,  by  means  of  some  inge- 
moaaly  contrived  and  concealed  mechanism,  or  by  some  person  secreted  within 
the  machine.  Hie  author  of  a  pamphlet  on  the  subject,  published  in  1821, 
maintains  the  latter  supposition  to  oe  the  fact ;  and  by  the  aid  of  several  diagrams, 
ahowi  thai  not  merely  a  dwarf,  as  was  at  one  time  supposed,  but  even  an  ordL- 
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nary-Bixed  man,  mi^ht  be  concealed ;  and  this  opinion  is  further  corroborated  by 
the  proprietor  refusing  to  exhibit  the  figure  in  action,  with  the  several  doon  of 
the  machine  open,  when  requested  to  do  so  by  a  scientific  gentleman,  whose 
object  was  to  satisfy  himself  and  some  friends  that  the  movements  were  really 
produced  by  machinery. 

AXE.  A  heavy  steeled  instrument,  employed  for  cutting  down  trees,  and 
by  carpenters  and  other  mechanics  for  cutting  large  masses  of  wood,  when 
attention  to  much  exactness  is  unnecessary,  or  the  saw  cannot  be  conveniently 
nsed.  It  consists  of  a  broad  blade  of  iron,  with  a  loop,  or  eye,  for  the  recep- 
tion of  a  lonff  wooden  handle,  which  passes  through  it  at  right  angles.  The 
eutting^ge  is  steeled  to  about  an  inch  in  breadth^  and  to  the  back  of  the  eye, 
in  some  kinds,  is  welded  a  solid  lump  of  steel,  called  the  poll,  which  serves  the. 
carpenter  as  a  very  efficient  heavy  hammer  for  driving  spikes,  forcing  up  large 
tenons,  mortices,  &c.  The  form  of  axes  are  very  various,  being  i^apted  to 
peculiar  trades,  and  accommodated  to  provincial  prejudices.  The  most  perfect 
mstruments  we  have  seen  of  this  kind,  aro  the  productions  of  sevend  tool- 
smiths,  distributed  over  the  county  of  Kent.  One  we  recollect  at  Seal,  another 
at  Seven  Oaks.  We  have  thought  it  proper  to  mention  this  fact,  as  the  article 
alluded  to  has  a  very  decided  superionty  over  those  made  in  our  great  manu* 
facturing  towns.  Tlie  smaller  kind  of  axes,  weighing  under  2  lbs.  each,  aro 
denominated  hatchets. 

AVIARIES.  A  place  appropriated  to  the  feeding  and  rearing  of  birds,  suf- 
ficiently extensive  to  allow  tnem  scope  for  flight  The  inclosure  is  usually  made 
of  net-work,  duly  supported,  but  preferably  of  wire-work.  The  interior  is 
sometimes  provided  with  troes,  and  other  objects  of  nature ;  and  the  floor 
covered  with  turf,  to  avoid  the  appearance  of  dirt 

AXIOM.  A  self-evident  truth,  or  one  that  neither  requires  nor  admits  of  a 
proof,  because  it  cannot  be  made  plainer  by  demonstration ;  as,  for  instance,  "  a 
whole  is  greater  than  a  part" 

AXIS,  in  Geometry,  is  the  straight  line  about  which  a  plane  figuro  rovolves, 
■0  as  to  produce  or  generate  a  solid ;  or  it  is  a  straight  line  drawn  from  the 
vertex  of  a  figuro  to  the  middle  of  the  base.  The  axii  of  a  ekde  or  sphere  is 
a  straight  line  passing  through  the  centre,  and  terminating  at  the  circumferonce 
on  the  opposite  sides.  The  axU  of  a  cone  is  the  line  m>m  the  vertex  to  the 
centre  of^  the  base.  The  axis  of  a  eyUnder  is  the  line  from  the  centro  of  the 
one  end  to  that  of  the  other.  Transverse  axiSf  in  the  ellipe  and  hyperibola,  is 
the  diameter  passing  through  the  two  foci,  and  the  two  principal  vertices  of  the 
figure.  In  the  hyperbola  it  is  the  shortest  diameter,  but  in  the  ellipse  it  is  the 
longest  Conjugate  axis,  in  the  ellipse  and  hyperbola,  is  the  diameter  passing 
through  the  centre,  and  perpendicular  to  the  transverse  axis.  It  is  the  shortest 
of  all  the  conjugate  diameters. 

AXIS,  in  Mechanics,  is  a  line  about  which  a  body  may  turn  :  by  workmen, 
the  term  axis  is  generally  considered  to  imply  a  cylindricfd  bar,  around  or  upon 
which  a  wheel,  or  other  body,  rotates. 

AXIS,  in  Peritrochio,  a  pedantic  name  which  has  been  given  to  one  of  the 
mechanical  powers,  commomy  called  the  wheel  and  axle. 

AXLE-TREE.  The  pivot,  or  centre,  upon  which  a  carriage  wheel  turns.  They 
wero  formerly  made  of  wood,  and,  we  believe,  are  to  this  dav,  in  some  parts  of 
the  country,  but  are  now  generally  constructed  of  iron.  Numerous  improve- 
ments have,  of  late  years,  been  introduced  in  their  construction,  some  of  which 
we  shall  notice,  afier  a  few  words  upon  their  moro  ancient  construction.  One 
▼ery  old  plan  was  to  fix  the  axle  immovably  into  the  naves  of  both  wheels,  the 
axle  rovolving  in  bearlnes  attached  to  the  carriage ;  by  this  means  the  nave 
was  less  weakened,  and  the  wheels  had  less  play,  than  if  the  akle-troe  was  fixed 
to  the  carriage,  and  worked  in  a  box  in  the  nave,  but  were  inconvenient  in 
turning,  as  both  wheels  revolved  with  the  same  speed ;  the  axle-trees  were, 
therefore,  attached  to  the  carria^,  and  each  wheel  revolved  separately  upon  its 
axle,  by  which  means,  in  tummg  short,  the  inner  wheel  could  remam  sta- 
tionary, and  serve  as  the  centre  of  motion  to  the  carriage.  Axles  were 
originally  made  straight,  their  arms  lying  in  the  same  horizontal  plane,  and 
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tbt  wheels,  of  eoune,  peipeiidieulu  to  them ;  but  ai  cania^  came  more  gtut- 
rally  into  use,  more  room  waa  required ;  and  the  roadi  being  narroir  andbad, 
■nd  the  wbeela  being,  tlierefore,  required  to  keep  in  the  beaten  track,  recourie 

was  had  to  »flay'mg  tbe  wbeels,  by  bending  [be  axles  downwards,  by  which 
tneans  the  upper  part  of  the  tints  of  the  wheels  were  farther  apart  than  the 
tower;  and  this  method  continues  in  general  use  to  this  day,  although  the  Ira- 
prored  state  of  the  toada  no  longer  requires  it,  and  the  draft  is  made  heavier, 
and  the  road*  more  quickly  destroyed  by  it.  The  objects  chiefly  aimed  at  in 
the  various  improTements  in  aile-trees,  is  to  dimmish  the  friction  by  decreasing 
the  amount  of  rubbine  surface,  and  by  carefully  excluding  dirt  from  the  boxes; 
ill  keeping  them  welToiied,  and  to  attach  the  wheel  so  securely  as  to  avoid 
the  fatal  consequences  arising  from  the  linch  pin  falling  out  we  nhull  now 
proceed  to  describe  two  constructions  of  axle-trcei,  invented  by  Mr.  Mason,  of 
Margaret  Street,  Cavendish  Square;  the  first  adapted  to  what  are  comnioaly 
caU^  Collinge's,  or  patent  a^des ;  and  the  second,  to  the  descrip^nn  of  axles 
called  mail-coach  axles.     The  first  construction  is  shown  in  Figi.  1,  2,  3,  and  4. 


1  a  perspective  

■gen  arraJiged  in  a  line  to  show  the  mode  of  their  applici 


r  of  the  axle,  with  its  priscipa]  append- 
;  mode  of  their  application,  ng.  4  repre- 
'j  a  longitudinal  section  of  the  axle-tree,  with  its  several  appendages  screwed 
up  into  their  respective  places,  and  lying  inclosed  in  the  box  peculiarly  con- 
■tncted  for  that  purpose.  Figt.  3  and  4  give  sections  of  certaui  parts  of  the 
■sl»-tree  and  box,  hereafter  to  be  described,  The  like  letters  refer  to  similar 
parts  in  each  figure,  a  a,  the  main  part  of  the  axle-tree  ;  b,  a  fixed  shoulder ; 
c,  a  movable  shoulder  formed  upon  a  metal  collet,  and  rendered  capable  of 
being  alided  backwardi  and  forwards,  but  not  of  turning  round.  This  collet  is 
adjusted  and  retained  in  any  required  situation,  as  wilt  be  presently  shown ;  d 
is  ■  screw  formed  upon  the  outer  end  of  the  axle-tree  ;  e  is  a  nut,  hexagonal  on 
the  ontaide,  and  screwed  in  the  inside  to  fit  d.  Around  the  inside  of  Uie  hex- 
agoaal  nut  are  cut  longitudinal,  and  at  equal  distances,  six  semicircular 
grooTes  (aa  partly  shown  in  f^g.  1),  but  more  distinctly  seen  in  the  section 
e^.  2 ;  lilt  tcrew  d  has,  likewise,  two  einiilar  grooves  cut  into  its  thread,  and 
so  placed  with  regard  to  each  other,  that  when  one  groove  corresponds  with 
tmt  of  the  grooves  in  the  nut,  the  other  groove  shall  be  midway  between  two 
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other  groorea  io  the  nut ;  tnd,  in  order  to  fii  thii  nut  in  the  required  pontiaii, 

a  cyluidrical  pin.vhicti  ii  rivetted  to  the  hexagonal  pUte/  ia  inserted  into  one 
of  the  bolea  formed  by  the  union  of  s  groove  in  the  nut  with  a  groove  on  Cttt 
■xle,  vhich  entirely  prevent*  any  rotation  of  the  nut  so  long  at  the  pin  remain! 
in  the  hole;  and  there  being  two  groovei  in  the  azie,  and  six  in  the  nut,  the 
poaition  of  the  nut  may  be  regulated  to  j^  of  a  turn,  equal  to  ,-jj  of  an  inch, 
■f  the  Bcrew  ba*  1 0  threads  per  inch.  To  prevent  this  pin  comine  out,  a  collar 
of  leathery  is  first  put  on  the  long  bcxaeonal-headed  screw  A,  when  the  latter 
beine  screwed  into  »is  internal  screw  of  the  axle-tree  (seen  at  fift,  2  and  4),  the 
vbole  is  thus  made  fast.  Having  thus  described  the  construction  of  the  axle- 
tree,  it  remains  for  us  to  explain  the  construction  of  the  hox,  which  we  have  put 
in  section  in  its  proper  place,  around  the  axle-tree  in  fig.  4.  Hit  show  the 
cylindrical  parts  of  the  E>ox,  with  a  cap  II  screwed  on  its  outer  extremity,  which 
•ervcs  to  contain  oil  for  those  parts  of  the  axle-tree  which  are  contiguous,  o  o 
are  long  grooves  also  for  oil ;  two  of  these  are  brotigbt  into  view  in  the  longi- 
tudinal section,  f^-*i  but  there  are  four  of  them,  as  may  be  seen  in  the  Crani- 
verae  section  at  Fig.  3,  which  section  ia  made  where  the  dotted  line  divides 
Fig.  4.  pf  is  another  reservoir  for  oil.  The  whole  of  the  arrangcmenla  in 
this  invention  appear  to  ua  excellent  The  quen^ty  of  oil  contained  in  the 
reservoirs,  and  which  is  constantly  circulating  round  the  axle,  is  greiiter  (ban  in 
any  other  wheel-box  that  we  recollect,  and  must  greatly  reduce  the  friction. 
The  ease  and  safety  with  which  the  wheel  may  be  let  out  when  travelling  on 
bad  roads,  ia  another  great  advantage,  and  uliich  we  believe  to  be  peculiar  to 
thid  axle,  nbilst  the  method  of  aecuring  the  wheel  upon  the  axle  seems  to  leave 
nothing  to  he  desired  on  that  head.  This  last  part  of  the  invention  may  be 
also  useluUy  employed  in  varioua  parts  of  machinery,  as  where  wheels  run  upon 
studs,  or  pivots,  &c   The  figure  beneath  represents  Mr.  Mason's  improved  mail 


uiles,  although  aome  part*  of  the 
a  ia  die  box  cap,  which  constitutes  at  the  same  time  a 
end  c,  which  fits  into  the  conical  part  g  of  the  axle  /  when  tnat  la  fitted  mto 
the  box  e  and  the  cup  screwed  into  d,  the  oil  then  flows  ihroueb  an  aperture 
in  tho  end  of  the  cup  c  into  the  hollow  part  of  the  axle,  and  passes  out  to 
the  box  at  an  aperture  A,  supplying  the  long  reservoirs  in  the  interior  of  the 
box.  There  is,  likewise,  a  very  small  groove  cut  lonptudinallv  on  the  axle, 
extending  both  ways  from  k,  so  that  the  oil  may  be  readily  distributed  over  all 
tbe  beanng  parts.  This  lubricating  arrangement  is,  evidently,  applicable  t« 
both  kinda  of  axles,  but  the  other  part  of  tbe  contrivance,  which  has  for  it* 
object  the  better  security  of  the  wheel,  and  the  prevention  of  end-play,  so  a* 
not  to  allow  the  escape  of  oil  from  the  box,  nor  the  admission  of  duat,  or  other 
impurities  into  it,  applies  eicluaively  to  the  mail  azlea,  or  thoae  which  ore  kept 
in  Ibe  box  by  means  of  screws  at  its  inner  end.  Three  wrought-iron  screw* 
are  cast  into  three  legs  on  the  box,  two  of  which  are  shown  m  the  ^ure  at 
n  n.  When  the  axle  la  introduced  into  the  box,  the  conical  part  ■  fit*  the 
conicAl  part  J,  and  tends  to  preserve  the  leather  collar  between  ■  and  k,  whila 
the  loose  plate  n  fits  upon,  and  ia  firmly  aecured  by,  the  screws  «  n  to  Ibe  end 
of  the  box,  and  thu*  the  box  ia  kept  in  its  place  by  the  collar  t,  which  works  in 
the  recess  I,  and  the  wheel  ia  prevented  ftom  coming  off  by  the  plate  lan. 
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Formerly,  tbii  pUU  wu  fulened  by  thort  icrew-bolti  |iauing  tlirougfa  it  and 
the  legs  tff  the  iwi,  s  method  which  iru  found  defective  on  account  of  theic 
liability  to  ihike  loose  by  the  constant  jarring  of  tha  coach.  To  remedy  tbil, 
and  Co  facilitate  the  removal  of  the  wheel  when  deurable  to  take  it  off,  the  back 
plat<  wai  &steaed  by  long  bolta  pasiing  through  the  nave  and  screwed  on  the 
gutmde ;  but  this,  too,  was  found  to  be  objectionable,  on  account  of  the  injury 
caused  to  the  nave  by  the  bolt  holes,  and  their  occasional  removal,  when 
the  wheel  reijuu^  taking  off;  and  to  remedy  these  defects,  is  the  object 
tt  the  invention  which  we  have  been  descnbiog.  An  objection  to  the 
present  mode  of  locking  the  fore  wheels  of  four-wheeled  carnages  from  the 
centre,  is,  that  in  sharp  turns,  the  fore-wheels  are  brought  so  nearly  m  a  line 
with  the  perch,  that  the  coach  has  little  better  than  three  points  of  support,  and 
b,  therefore,  very  liable  to  be  overturned.  Another  inconvenience  arising  from 
this  method  is,  that  it  requires  [he  fore-wheels  to  be  made  much  smaller  than 
the  hind  ones,  which  greatly  increases  the  dtaA,  and  haM,  at  the  same  time,  an 
inelegant  appearance.  These  objections  are  obviated  by  a  conitruction,  for 
which  Sfr.  Ackerman  took  out  a  patent  in  1818,  the  principle  of  which  is  as 
foDows :  The  fore  axle-tree  of  the  carriage  does  not  turn,  but  ia  fixed  to  the 
poch  in  the  same  manner  as  the  hind  one ;  each  of  the  fore  wheels  revolve 
upon  one  end  of  a  short  arm,  the  other  extremity  of  which  ii  turned  up  at  a  right 
angle,  and  turns  in  a  hinge  joint  at  each  extremity  of  the  fixed  axle-tree ;  from 
the  back  of  each  of  the  short  axles,  alever  projects,  and  the  coach-pole  bebg 
carried  back  beyond  the  pin  in  the  fixed  axle-tree,  an  iron  bar  connects  (he 
eitremitiea  of  the  two  levers,  and  of  the  coach-pole,  to  that  when  the  coach- 
pole  turns  upon  its  fulcrum,  the  short  oiles  turn  upon  their  upright  arms  ai 


ceBtFM,  and  if  the  length  of  the  eonnecting  bar  be  equal  to  the  dintance  between 
the  vertical  arms  of  the  axles,  the  two  wheels  will  always  stand  parallel  to  each 
other ;  but  by  varying  the  length  of  the  connecting  bar,  the  inner  wheel,  in 
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turning,  iniiy  be  made  to  perform  >  iltortet  cime  than  the  outor  one.  The  cut 
represents  one  of  these  anns,  Fig.  I  being  a  front  view,  and  F^,  2  a  nde  view; 
a  IB  a  portion  of  tbe  fixed  axle-tree ;  b  Ibe  horizontal  arm  upon  which  the  whed 
revolves;  c  the  vertical  arm;  d  the  lever;  «  connecting  bar.  In  the  diagram, 
Fig.  3,  the  doited  lines  represent  the  position  of  the  fore  nheell  when  locked  to  the 
utm  ost  extent ;  and  the  other  lines,  their  position  in  the  same  circumstances,  with 
axles  on  Mr.  Ackerman's  plan,  from  which  it  will  be  seen  that  the  latter  afford  a 
much  wider  base  to  the  carriage  than  the  former;  the  wheels  may  also  be  mods 
of  nearly  the  same  diameter  as  the  hind  wheels,  without  hanging  the  bodj  of 
the  carnage  higjher.  A  B  is  the  line  of  the  perch.  Patents  for  ado-trees  upon 
the  same  principle  have  since  been  taken  out  by  Mist  Knowles,  and  by  Mr. 
Mason,  varying  slightly  in  the  details.  There  have  heeu  many  plana  proposed 
for  diminishing  the  friction  at  the  axle  hy  means  of  anti-friction  rollers;  but, 
from  the  experiments  made  upon  rafl-Toads,  of  the  resistance  of  running  wheels 
thereon,  as  compared  with  those  on  common  roads,  it  appears,  the  amount  of 
friction  of  the  axes  of  wheels  made  in  the  common  way,  was  so  extremely 
trifling  in  comparison  with  the  resistance  at  the  peripheries,  that  it  became 
absolutely  impossible  to  gain  any  practical  advantage  ot^  moment  by  such  a  re- 
duction of  the  axles  as  they  are  susceptible  of.  It  should  be  borne  in  mind,  that 
the  weight  of  the  carriage  must  be  supported  on  some  of  the  rubbing,  or  re- 
volving, parts  ;  and  these  parts  being  already,  comparatively,  very  smul,  their 
surfaces  cannot  he  much  reduced  wiUiout  impairing  the  requisite  strength.  By 
anti-tticlion  rollers,  we  only  transfer  the  fiictioa,  without  materially  lessening 
it ;  whilst  we  incur  complexity,  increased  expense,  and  greater  liobili^  te  de- 
rangement. For  these  reasons,  we  shall  notioe  only  one  out  i^  the  many  con- 
trivances on  this  subject;  it  is  the  invention  of  Mr.  Spong,  and  is  selected  ai 
being  the  simplest  in  construction,     a  e  is  the  revolving  urie-lree  made  square 


At  a  for  inserting  into  the  nave  tS  the  wheel,  to  which  it  is  made  fast,  by  mean* 
of  the  nut  b.  screwing  it  dose  up  to  the  shoulder  c.  The  circular  part  of  the 
axle  revolves  in  two  bearings;  one  in  plummer  blocks  at  i^  regulated  by  screwi 
at  J;  the  other  at  e,  in  a  solid  piece  projecting  from  the  axle-tree/.  The  thick 
end  of  the  axle  at  o,  carries  an  anti-friction  roUer  i,  which  turns  on  ashort^ivat, 
or  axis,  at  i  (shown  by  wliite  dots).  Oil  is  applied  to  the  hearings  and  axis,  by 
means  of  perforations  at  A  A,  which  are  closed  by  screw  stoppers. 

From  an  account  of  some  experiments  made  by  Mr.  H.  R.  Palmer,  now 
engineer  to  the  London  Dock  Company,  it  would  appear  that  the  forms  of  tha 
cavities,  or  inteisdces,  through  which  the  lubricetu^  matter  ii  applied  to  the 
axes  of  wheels,  is  of  considerable  Importance.  During  a  succession  of 
experiments  occasionally  far  many  months,  he  invariably  perceived  that  when 
fresh  oil  was  applied  to  the  axles  of  the  carriage,  Ike  rtritUmee  mat  incrtated, 
and  it  required  the  ordinary  motion  of  tbe  carriage  for  several  days  to  restore 
the  resistance  to  its  usual  standard.  No  other  presumption  occurred  to  account 
for  this  fact,  than  the  possibility  of  the  oil  being  better  adapted  for  its  office 
afler  being  some  time  exposed  to  use.  It  was  su^ested  to  him  that  the  oil 
became  thickened,  or  less  fluid,  afler  exposure  to  the  air,  and  was  therefor* 
better  able  to  resist  (be  contact  of  surfaces.  In  order  to  prove  this,  he  thick- 
ened some  oQ  artificially,  by  the  admixture  of  a  small  quantity  of  bees'-wax, 
but  the  appearances  were  the  same  as  before.  It  then  occiured  to  him,  that 
lliere  was  not  sullicicnt  piny,  or  difTtrcncc  of  diameters,  between  (be  ule  and 
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the  nave  m  which  it  worked;  he  therefore  had  the  axles  slightly  reduced.  On 
again  meamring  the  resistance,  he  found  circumstances  as  hefore,  hut  differing 
in  amount,  the  resistance  heing  slightly  increased.  He  was  by  this  time  con- 
vinced that  the  quantity,  rather  than  quality,  of  oil,  occasioned  the  appear- 
ances ;  to  prove  which,  the  axles  were  made  perfectly  clean,  and  then  simply 
moistened  with  oil  by  ^e  finger,  previous  to  inserting  them  in  the  wheel.  In 
this  state  the  resistance  was  again  measured,  and  round  to  be  nmilar  to  the 
gUmdard  umalbi  observed  after  the  carriage  had  been  some  days  in  motion,  as 
before  described.  It  being,  then,  proved  uiat  the  quaniUy  of  ou  occasioned  the 
difierenoe  of  resistance,  the  following  solution  of  the  manner  in  wldch  die  addii- 
tional  quantity  could  produce  such  an  effect,  appeared  reasonable.  Let  A  B  C  D, 
F'ff,  ],  represent  the  circle  of  the  hde  in  the  nave  of  the  wheel,  and  E  G  the 

Ffg.  1.  Fig,  2. 


section  of  the  axle.    The  circle  £  C  touches  A  B  C  D  only  in  the  point  C.    A 
very  acute  angular  space  then  remains  between  A  £  and  C  on  either  side  of 
£  C.  If  that  wpace  be  filled  with  oil,  the  oil  may  be  considered  as  a  wedge,  and 
if  the  outer  cirde  be  set  in  motion,  that  wed^  will  endeavour  to  pass  the  point 
C.    But  it  cannot  |fass  in  its  present  form  without  raising  the  cin^le  £  C ;  but 
£  C  having  the  weight  of  the  carriage  upon  it,  would  resist  its  passage.    Now 
tiiis  continual  and  unsuceesiriful  endeavour  to  pass  the  point  C  inll  occasion  an 
impediment  to  the  motion.    To  put  this  somtion  to  the  test,  the  axles  were 
formed  as  in  Fiff.  2.    A  B  C  D  is  the  hole  in  the  no? e  as  before,  and  £  F  C  O 
the  section  of  the  axle.   The  lower  semicircle  of  the  axle  here  coiresponds  with, 
or  is  paraUel  to,  the  oirter  curcle,  but  no  further,  becaiiae  ^  it  corretponded 
iknmgkout  the  circle,  Ike  axle  ufould  be  liable  to  jamb,  at  other  eKperimenie  have 
prcned.    The  eoinoidence  then  ceases  abruptly,  as  at  B  F  <G  D,  and  the  space 
above  which  contund  the  oil  is  not  angular,  hot  the  quantity  of  oil  whioh  u  to 
pass  toward  the  lower  semicircle  is  determined  at  B  or  D.    On  measuring  the 
resistance  with  the  ^e  thus  formed,  he  fonnd  it  not  increased  by  any  quanti^ 
of  oil  that  might  be  inserted ;  but  by  dispeming  with  the  angiuar  space,  and 
consequent  wedge-like  action  of  the  cm,  the  rendance  vhu  ome^inUh  le$s  than  the 
former  standard.    In  cases  where  the  d^rence  of  diameters  is  considerable,  he 
does  not  apprehend  the  obstruction  from  the  quantttv  of  oil  would  be  of  conse* 
quence ;  but  it  is  desirable  to  make  the  hearing  suriaces  nearly  to  correspond, 
to  obtain  a  greater  witUh  of  touching  surface,  and  the  more  perfectly  to  govern 
the  motion.    The  form  of  axle  just  described  is,  in  £sct,  the  converse  of  a  well- 
made  plummer  block,  used  in  machineiy. 

AZIMUTH,  in  Astronomy,  is  an  arch  of  the  horiaon  intercepted  between  (ihe 
meridian  of  a  place,  and  the  azimuth,  or  vertical  circle,  passing  through  the 
given  object;  or  it  is  the  angle  formed  at  the  zenith  by  ike  meridian  and  ver- 
tical circle.  The  azimuth  of  the  sun,  or  a  star,  at  the  time  of  :ihe<  equinox,  is 
foond  by  the  Ibllowmg  proportion.  As  the  radius  is  to  -the  iangent  of  the  lati- 
tude of  the  place  of  observation,  bo  is  the  tangent  of  the  sun'a,  or  star's, 
altitude,  to  the  cosine  of  the  azimuth  from  the  south. 

AZIMUTH,  Magnetic,  is  an  arch  of  the  horizon  included  between  the  mag- 
netic meridian,  and  a  vertical  circle  passing  through^the  objeot  It  differs  from 
the  tme  aaimuth,  on  account  of  the  variation  of  the  mafluetic  needle.  The 
magnetic  aainmth  may  be  determined  by  observations  wiu  the  aaimuth  com- 
pass, and  the  true  azimuth  calculated^  therefrom. 
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AZOTE,  or  Nitrogen.  The  phlogisticated  air  of  Dr.  Priestley.  It  contains 
four-fifths  of  atmospheric  air,  and  one-fifth  of  oxygen.  See  CBamsray,  and 
NiTRooBN  Gas. 

AZURE.  The  blue  colour  of  the  sky,  and  the  name  giren  to  a  celebrated 
Egyptian  pigment,  which  has  preserved  its  brilliancy  of  tint  for  upwards  of 
seventeen  hundred  years.  The  late  Sir  Humphrey  Davy,  who  experimented 
on  the  constitution  of  this  substance,  found  that  it  might  be  easily  and  cheaply 
imitated.  Thus  take  15  parts  of  the  carbonate  of  soda,  20  of  powdered  opaque 
flints,  and  3  of  copper  filmes;  stronglv  heat  them  together  for  two  hours,  when 
a  substance  will  be  produced,  which,  when  powdered,  affords  a  fine  deep-coloured 
blue  pigment,  closely  resembline  the  Egyptian  asure. 

AzuRE-STON^  or  Lapis-Lazuli,  is  a  massive  mineral,  of  a  fine  asure 
blue  colour.  Lustre,  glistening.  Fine  grained,  even  fracture.  Scratches  glass, 
but  scarcely  strikes  fire  with  steel.  Opaque,  or  translucent,  on  the  very  edges. 
Easily  broken.  Spec.  grav.  2.85.  It  consists,  according  to  Mes.  Clement  and 
Desormes,  of  34  silicia,  33  alumina,  S  sulphur,  22  soda,  loss  8,= 100  parts. 
The  finest  specimens  are  brought  firom  Persia  and  China.  It  is  from  these 
stones  that  the  beautiful  unchangeable  blue  pigment,  uUramarine,  is  prepared. 
The  stones  are  first  made  red  hot,  then  thrown  into  water  to  cool  tnem  sud- 
denly, which  enables  them  to  be  easily  pulverised.  The  fragments  are  then  re- 
duced to  a  very  fine  powder  in  a  mortar,  and  intimately  combined  with  a 
varnish  composed  of  resin,  bees-wax,  and  linseed  oiL  It  is  then  of  the  con- 
sistence of  paste,  and  is  put  into  a  linen  cloth,  and  repeatedly  kneaded  with  hot 
water.  The  first  water  is  thrown  away,  the  second  gives  a  olue  tint  of  the  first 
quality,  and  the  third  yields  one  of  less  value.  This  processis  founded  on  the  pro- 
perty which  the  colouring  matter  of  the  lapis-lazub  has  of  adhering  less  finnly 
to  tne  resinous  cement,  than  the  other  matter  with  which  it  is  combined 

B. 

BAKING,  in  its  true  sense,  implies  the  process  of  applying  a  dry  or  scorohing 
heat  to  any  substance  in  a  close  vessel  or  chamber ;  but  the  term  u  senerally 
understood  to  mean  the  art  of  preparing  broad,  for  which  see  Bread,  Oven,  &c. 

BALANCE.  A  simple  machine,  in  which  the  lever  is  employed  to  determine 
the  equality  or  differonce  of  two  given  weights.  Balances  aro  of  various  kinds, 
difiermg  in  their  form,  and  in  the  perfection  of  their  construction,  according  to 
the  naturo  of  the  oljects  for  which  they  are  employed.  The  common  balance 
or  scales  aro  well  known  to  consist  of  a  lever 
or  beam  a  h,  turning  on  its  axis  in  a  ver- 
tical plane,  and  havmg  two  dishes  or  scale- 
pans  d  €  suspended  at  its  two  ends.  The 
distances  between  the  centro  of  the  beam 
and  the  extremities  a  and  b  are  made  as 
nearly  equal  as  possible :  hence  it  is  clear, 
from  the  naturo  of  the  lever,  that  the 
weights  placed  in  the  two  scales  w31  be 
eoual  to  each  other  when  the  beam  rests  in 
a  norizontal  position.  Although,  theoroti- 
cally  speaking,  the  balance  is  exceedingly 
simple,  consisting  merely  of  a  right  Ime 
turning  on  its  centre,  yet  in  practice  it 
becomes  a  matter  of  considerable  difficulty 
to  approximate  its  construction  to  that  pcTfection  which  theory  points  out,  and 
which  the  nicer  operations  of  philosophical  researoh  demand.  Although  it  is 
not  necessary  on  all  occasions  to  use  a  balance  capable  of  detecting  di&ronces 
in  weight  equivalent  to  the  ^^  of  a  grain,  yet  the  moro  perfect  our  model  is, 
and  the  nearer  we  approach  to  it,  the  mater  chance  thero  is  of  obtaining  the 
object  of  our  searoh,  viz.  an  exact  indication  of  the  weight  of  any  given  sub- 
stance.^ In  the  most  perfect  balances,  one  of  which  is  represented  in  the  annexed 
eograving,  the  beam  L  L  is  a  bar  of  tempered  steel,  so  strong  as  not  sensibly 
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to  bend  with  the  wewhts  usoally  placed  in  it  If  G  is  the  centre  of  gravity  of 
the  beam,  the  anns  G  L  G  L  should  be  of  precisely  the  same  length.  At  the 
extremities,  silk  cords  of  the  same  leneth  and  weight  support  the  scale-pans  A  A, 
irhich  are  also  equal.  That  the  slightest  motion  of  fiie  beam  may  be  distin- 
{[uished,  an  index  S  C  is  attached  to  the  beam  exactly  perpendicular  to  it,  and 
in  the  same  plane  with  the  centre  of  gravity.    The  whole  is  sustained  on  an 


axis  perpendicular  to  the  beam  at  C ;  and  in  order  that  the  line  around  which 
the  beam  turns  mav  not  change  its  place,  and  thus  vary  the  lengths  of  the  arms, 
the  axis  is  formed  below  into  a  shai^  knife  edge  of  hardened  steel,  and  moves 
on  planes  of  polished  crystal,  agate,  or  other  hard  substance.  Now  if  a  nerfect 
equality  were  established  between  the  parts  of  the  balance  on  each  sine  the 
centre  G,  an  equilibrium  woidd  naturally  occur  when  the  beam  L  L'  was  in  a 
horizontal  position ;  for  the  centre  of  gravity  of  the  whole  would  then  be  in  the 
same  vertical  line  as  the  point  C ;  hence  if  weights  were  placed  in  the  scale, 
and  the  beam  retained  its  horizontal  position,  we  might  infer  then:  equality. 
But  an  experiment  of  this  kind  may  be  possible  or  not,  according  to  the  posi- 
tion in  the  vertical  line  of  the  points  C  and  G.  If  the  centre  of  gravity  Q 
coincided  with  the  centre  of  motion  C,  the  beam  would  rest  in  any  position 
into  which  it  might  be  thrown.  Or  if  die  centre  G  were  above  the  centre  C, 
the  beam  would  remain  horizontal  when  placed  so,  but  its  equilibrium  would 
be  unstable,  and  the  least  additional  weight  to  either  side  would  cause  that  side 
to  descend  indefinitely.  But  if  the  centre  of  gravity  be  below  the  centre  of 
support,  then,  if  the  horizontality  of  the  beam  be  deran^,  it  will  be  recovered 
alter  a  succession  of  oscillations  of  continually  diminishing  amplitude.  The 
delicacy,  or  stability,  of  the  beam,  will  depend,  in  a  mat  measure,  on  the  dis- 
tance between  these  two  points.  Thus,  if  G  be  raucn  below  C,  a  considerable 
weight  win  be  required  to  turn  the  beam,  but  it  will  soon  regain  its  state  of 
rest  On  the  other  hand,  if  the  point  G  be  only  a  short  distance  below  C,  a 
slight  additional  weight  will  cause  the  arm  to  descend,  but  it  will  be  longer  in 
regaining  its  quiescent  position.  The  sensibility  is  increased  by  lengthening 
the  arms,  diminishing  the  distance  between  the  centre  of  support  and  centre  of 
gravity,  and  lessening  the  weight  of  the  beam,  and  the  quantity  of  matter  to  be 
weighed.  The  stability  also  increases  with  the  weight,  and  the  distance  between 
the  two  centres.  As  another  step  towards  the  perfection  of  the  balance,  we 
must  be  careful  that  the  centre  C  and  the  knife  edges  that  support  the  scale- 
pans  at  L  L,  be  in  the  same  right  line.   If  this  be  neglected,  the  beam  becomes 
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a  bent  lever,  and  the  weight  of  the  body  will  appear  to  vary  with  the  position 
pf  the  beam.  The  sreat  dl£Sculty  of  attaininff  an  exact  equality  in  the  length 
of  the  arms  of  a  balance,  renden  it  lUmost  hopeless  to  attempt  to  obtain  the 
exact  weight  of  any  mass  of  matter  by  tliis  means.  It  is  fortunate,  therefore, 
that  there  is  a  method  of  weighing  which  will  enable  us  to  dispense  with  one  of 
these,  and  uot  the  least  difficult  of  attainment  The  method  of  double  weigh- 
ing, introduced  by  Borda,  renders  the  equality  in  the  length  of  the  arms  a 
matter  of  indifference.  To  ascertain  the  weight  of  a  body  by  his  method,  we 
place  the  body  in  one  scale,  as  A,  for  example,  then  exactly  counterbalance  it 
by  small  shot,  sand,  &c.  placed  in  the  other  scale  A,  till  the  index  points  to  O 
on  the  scale  at  the  foot  of  the  pillar  supporting  the  beam.  The  body  is  next 
carefully  removed  from  the  scale  A,  and  its  place  supplied  by  known  weights, 
until  the  beam  again  stands  horizontal.  The  weights  Uien  in  the  scale  will  mdi- 
cate  the  weight  of  the  body.  As  the  weights,  and  the  body  to  be  weighed,  have 
both  been  j^aced  in  the  same  scale,  and,  consequently,  at  the  same  distance 
from  the  centre,  it  is  manifest,  whatever  may  be  the  length  of  the  arms,  or  their 
weight,  that  the  true  weight  of  the  body  has  been  ascertained.  That  this  method 
may  be  completely  efficient,  only  two  conditions  are  required  to  be  fulfilled. 
I'he  one  is,  tnat  the  distances  between  the  centre  C,  and  the  points  L  L ,  con- 
tinue the  same  during  the  operation  of  w^eighing ;  and  the  second  is,  that  the 
balance  be  exceedingly  sensible,  t.  e.  that  it  turn  with  the  smallest  possible 
quantity  of  matter.  The  first  of  these  conditions  is  fulfilled  by  makmg  the 
points  h  and  U,  of  hardened  steel,  and  sharpened  to  a  knife  edge,  like  the 
point  C,  as,  in  this  case,  the  motion  of  the  beam  will  not  sensibly  change  the 
points  of  support,  and,  consequently,  the  distance  between  C  and  L  will  be 
accurately  preserved.  The  second  condition  is  to  make  tlie  balance  sufficiently 
sensible,  which  is  accomplished  by  attention  to  the  centre  C,  diminishing  its 
firiction  as  much  as  possible.  For  this  putpose,  the  planes  that  support  the 
knife-edge  are  highlv  polished ;  and,  in  oroer  that  they  may  be  preserved  in 
their  original  state,  the  beam  is  not  suffered  to  rest  upon  its  centre  but  when  in 
actual  use.  To  sustain  it  when  not  in  use,  the  two  forks,  F  F  are  employed, 
which  raise  it  from  its  support,  and  preserve  it  in  a  horizontal  position.  These 
forks  are  movable  by  means  of  the  handle  N.  When  the  balance  is  to  be  used, 
the  forks  are  lowered,  and  the  beam  set  at  liberty ;  and,  as  soon  as  the  obser- 
vation is  completed,  the  forks  are  raised,  and  the  beam  elevated  from  its  sup- 
ports till  again  required.  To  preserve  the  balance  from  the  motions  that  would 
result  from  currents  of  air,  it  is  sometimes  inclosed  in  a  glass  case,  having  aper- 
tures in  it  large  enough  to  admit  the  substance  to  be  weighed  to  be  put  into  the 
pans.  When  the  instrument  is  not  in  use,  it  is  recommended  to  place  within 
the  case  a  small  saucer  filled  with  muriate  of  lime,  or  some  other  substance  of 
strong  hygrometric  power,  to  absorb  the  moisture  that  would  otherwise  settle  on 
the  instrument,  and  destroy  its  polish  by  oxidation.  In  order  to  ascertain  the 
value  of  a  balance,  the  scales  may  be  removed  from  the  beam,  to  see  whether 
the  beam  balances  without  them.  They  may  then  be  put  on  again  in  opposite 
sides,  and  tried.  Equal  weights  should  then  be  placed  in  each  scale,  ana  after- 
wards changed  to  the  opposite  one ;  and  if  the  beam  maintains  its  horizontal 
position  during  all  these  trials,  it  may  be  considered  as  accurate.  The  utility 
of  good  balances  for  weighing  different  substances,  is  not  limited  to  the  accu- 
rate performance  of  delicate  experiments,  but  applies  also  to  the  saving  of  much 
time  in  weighing,  when  a  smaller  degree  of  accuracy  is  required.  If  a  pair  of 
scales,  loaded  with  a  certain  weight,  be  barely  sensible  to  one- tenth  of  a  grain, 
it  will  require  a  considerable  time  to  ascertain  the  weight  to  that  degree  of 
accuracy,  because  the  turn  is  small,  and  must  be  observed  several  times  over ; 
but,  if  a  balance  were  used  that  would  turn  with  the  hundredth  part  of  a  grain, 
and  the  weight  was  not  required  to  any  greater  accuracy  than  the  tenths  of 
grains,  a  single  tenth  of  a  grain,  more  or  less,  would  make  so  ereat  a  differ- 
ence in  the  position  of  the  beam,  that  it  would  be  seen  immediately.  If  a 
balance  be  found  to  turn  with  a  certain  additional  weight,  and  is  not  moved  by 
any  smaller  weight,  a  greater  sensibility  may  be  given  to  it  by  producing  a 
vibratory,  or  tremulous  motion,  in  its  parts.     If  the  edge  of  a  blunt  saw,  nle, 
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or  similar  inBtrument,  be  drawn  along  any  part  of  the  case,  or  support,  of  a 
iMlance,  it  will  produce  a  jarring  which  wiU  oiminish  the  friction  on  the  moving 
parts  so  much,  that  ihe  balance  will  turn  with  a  third  or  fourth  of  the  addition 
that  would  otherwise  be  required.  In  this  way,  a  beam  that  would  barely 
turn  with  one-tenth  of  a  graiot  niay  be  made  to  turn  with  a  thirtieth  or 
fortieth  of  that  quantity.  The  improvement  in  the  balance  has  progressed 
with  the  general  advance  of  the  mechanic  art,  to  such  an  extent,  that  it  would 
seem  impossible  to  attain  a  higher  degree  of  perfection  than  that  which  has 
been  attained  in  the  construction  of  some  modem  balances.  Mr.  Read's  balance 
described  in  the  sixty-sixth  volume  of  the  Philosapkieal  TramaeUoM,  readily 
turned  with  one  pennyweight,  when  loaded  with  fifty-five  pounds,  but  distinctly 
turned  with  four  grains,  when  tried  more  patiently.  This  b  about  g^^  part  of 
&e  weight.  In  tne  same  volume,  a  balance,  by  Mr.  Whitehurst,  is  described, 
which  weighed  one  pennyweight,  and  turned  with  j^  of  a  grain,  or  4^  of  its 
weight  fiamsden's  balance,  turning  on  points  instead  of  edges,  is  described  in 
the  seventy-fifth  volume  of  the  PhUasophtcal  TrcauacUom,  With  a  load  of  four 
cr  five  ounces,  a  difference  of  one  division  in  the  index  was  made  by  ^  of  a 
grain.  This  is  ^smo  ^^  ^^  weight,  and,  consequently,  this  beam  will  ascertain 
the  weight  correcUy  to  five  decimal  places.  The  Royal  Society's  balance,  which 
was  recently  constructed  by  Ramsden,  turns  on  steel  edges  upon  planes  of 
polished  crystal.  Dr.  Ure  states,  "  I  was  assured  that  it  ascertained  a  weight 
to  the  seven  millionth  part.  I  was  not  present  at  this  trial,  which  must  have 
required  great  care  and  patience,  as  the  point  of  suspension  could  not  have 
moved  over  much  more  than  the  two  hundredth  of  an  inch  in  the  first  half 
minute ;  but  from  some  trial,  which  I  saw,  I  think  it  probable  that  it  may 
be  used  in  general  practice,  to  determine  weights  to  five  places  and  better.  The 
assav  balance  is  of  a  similar  kind  to  that  which  is  here  described  in  detail,  but 
smau,  and  extremely  delicate.  It  is  used  in  docimastical  operations,  to  deter- 
mine exactly  the  weight  of  minute  bodies.  The  beam  should  be  made  of  the 
best  steel,  and  of  the  hardest  kind,  as  this  metal  is  less  apt  to  be  spoiled  with 
rust  than  iron,  and  it  more  easily  takes  a  perfect  polish,  which,  at  the  same 
thne,  prevents  the  rust  The  longer  the  beam  is,  of  course,  the  more  exactly 
may  the  weight  be  determined ;  but,  in  general,  ten  or  twelve  inches  is  con- 
sidered a  sufficient  length.  The  thickness  of  it  should  be  so  small,  that  two 
drachms  might  hardly  be  hung  at  either  end  without  its  bending  \  for  the  largest 
weight  put  upon  it  seldom  exceeds  one  drachm.  The  whole  surface  of  the  beam 
should  be  without  ornament,  as  these  only  collect  dust,  and  render  the  balance 
inaccurate.  The  whole  apparatus  is,  when  used  for  nice  experiments,  enclosed 
in  a  case  with  glass  faces,  and  which  are  opened  only  so  far  as  may  be  neces- 
sary to  introduce  the  weights  and  the  body  to  be  weighed. 

bidance  HydrostaUc,  is  a  balance  furnished  with  apparatus  adapted  to  ascer- 
tain the  specific  gravity  of  bodies,  by  weighing  them  in  liquids,  as  well  as  in  air. 
A  common  balance,  of  a  good  construction,  and  furnished  with  a  small  hook 
beneath  one  of  the  pans,  is,  with  the  usual  appendages,  quite  sufficient  for  a 
hydrostatic  balance.  An  accurate  and  delicate  balance,  that  may  be  adapted 
to  this  purpose,  and  is  easily  constructed,  is  thus  described  in  Breuntter*i  Philo- 
topbical  JowjuiL  Let  a  slender  beam  of  wood 
be  procured,  about  eighteen,  or  twenty-four 
inches  long,  and  tapering  a  little  from  the 
middle  to  each  end.  Let  a  fiilcrum  of  tem- 
pered steel,  resembling  the  blade  of  a  pen- 
knife, be  made  to  pass  through  the  middle  of 
the  beam  a  little  anove  the  centre  of  gravity. 
Similar  steel  blades  are  also  made  to  pass 
through  the  ends  of  the  beam  for  suspenaing 
the  sodes.  The  fiilcrum  rests  on  two  smafi 
portions  of  thermometer  tubes,  fixed  horizon- 
tally on  the  upright  support  e/.  The  support 
has  a  slit  along  ttie  middle,  to  allow  the  needle  Mtef  to  play  fireely  between  ihe 
tides.    A  smcJl  scale,  made  of  card,  and  divided  into  any  number  of  parts,  is 
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placed  at /for  the  purpose  of  ascertaining  the  point  at  which  the  needle  remains 
stationary.  This  balance  possesses  extreme  delicacy.  It  may  even  be  made 
more  sensible  than  that  belonging  to  the  Royal  Society  of  London.  I  have  said 
nothing  of  the  perfect  equahtv  of  the  two  ends,  as  this  condition  is  not  at  all 
necessary  to  the  accuracy  of  the  balance^  according  to  the  method  of  double 
weighing.  To  ascertain  the  weight  of«.any  body,  place  it  in  one  of  the  scales, 
and  bring  the  needle  to  any  point  by  means  of  small  shot  placed  in  the  other 
scale ;  observe  the  point  opposite  to  which  the  needle  rests,  or  the  middle,  be- 
tween its  extreme  points  of  oscillation ;  remove  the  body,  and  put  into  the 
same  scale  as  many  biown  weights  as  wfll  bring  the  needle  to  the  same  division 
as  before.  These  weights  will,  evidently,  be  equal  to  the  weight  of  the  body, 
whether  the  arms  of  the  balance  be  equal  or  not  This  method  of  weighing  is 
due  to  Bordk.  The  steelyard  is  sometimes  employed  to  ascertain  specific 
gravities,  as  in  the  balances  of  Lukin  and  Coates. 

Lukin*a  Hydrostatie  Baktnee  is  extremely  simple,  and  is  considered  to  be  a 
very  accurate  instrument  The  appearance  is  given  in  the  accompanying 
figure.     When  unloaded,  the  arms  are  equipollent     C  the  body,  whose  specific 


If 


gravity  is  to  be  found,  is  suspended  to  the  shorter  arm  of  the  instrument.  On 
the  longer  arm,  the  movable  weight  D  indicates  the  weight  of  the  substance  in 
air  or  water.  If  great  accuracy  is  required,  a  second  weight,  which  is  a  sub- 
multiple  of  the  first,  may  be  added  on  the  longer  arm.  Then  the  division 
marked  by  the  larger  weight  may  be  units,  and  mat  of  the  smaller,  tenths,  or 
hundredths,  as  may  be  thought  proper. 

Coates* 8  Hydrostatic  Balance  is  upon  the  same  principle  as  Lukin 's,  butdif&rs 
in  the  mode  of  graduation.  This  bemg  adapted  for  finding  the  specific  gravity  of 
minerals,  instead  of  pointing  out  the  actual  and  relative  weights,  it  shows  at 
once  their  specific  ^avity.  The  instrument  is  accurately  balanced  when  un- 
loaded, by  making  3ie  shorter  arm  much  larger  than  the  longer  one ;  and  the 
latter  is  graduated,  and  marked  with  numbers,  which  every  where  show  the 
quotient  of  the  entire  length  of  the  longer  arm,  divided  by  the  distance  of  the 
given  mark  from  the  end.  Thus,  at  half  the  length,  is  marked  the  number  2 ; 
at  one-third,  the  number  3  ;  and  so  on.  These  numbers  extend  on  the  scale  to 
rather  more  than  20,  in  order  to  render  the  instrument  applicable  to  the  heavier 
metals.  In  using  this  instrument,  a  weight  is  suspended  by  a  hook  at  A,  and 
the  body  under  examination  is  to  be  hung  by  a  horse  hair  on  the  shorter  arm, 
and  slid  along  as  on  the  steelyard,  till  an  equipoise  is  obtained,  say  at  D.  Then 
without  altering  its  situation  on  the  beam,  tiie  body  is  to  be  immersed  in  water, 
and  balanced  a  second  time,  by  sliding  the  weight  C  along  the  graduated  arm, 
till  the  two  are  again  in  equilibrio.  The  hook  of  the  weight  will  then  at  once 
indicate,  by  its  situation  on  the  scale,  the  actual  specific  gravity  of  the  body, 
water  being  considered  as  unity.    The  instrument  being  supposed  in  equilibrio, 
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and  die  distance  B  D  and  the  weight  of  the  counterpoise  being  constant,  the 
weight  of  the  body  varies  as  the  distance  of  the  counterpoise  from  B.  Thus,  if 
the  counterpoise  have  to  be  removed  i  nearer  to  the  centre  B,  to  balance  the 
body  when  weighed  in  water,  the  specific  gravity,  as  seen  on  the  scale,  will  be 


4,  or  four  times  ^^eater  than  that  of  water.  If  it  have  to  be  removed  |^  nearer, 
the  specific  gravity  is  12,  and  so  on.  The  truth  of  the  principle  will  appear,  if 
we  consider  that  the  specific  gravity  of  any  body,  as  compared  with  water,  is 
fimnd  bv  dividing  its  weight  in  air  by  its  loss  of  weight  in  water.  Now  its  loss 
of  weignt  in  water  is  proportional  to  the  approximation  of  the  weight  C  towards 
the  centre.  It,  therefore,  the  whole  arm,  which  always  represents  the  weight 
in  air,  be  divided  by  the  quantity  by  which  the  weight  approximates  to  the 
centre,  it  is  clear  that  the  quotient  which  is  marked  on  tbe  scale  will  be  the 
true  specific  gravity  required. 

The  annexed  fisture  represents  a  balance  beam,  invented  by  Mr.  J.  H.  Patten, 
Rhode  Island,  Umted  States,  for  the  purpose  of  taking  the  specific  gravities  of 
different  bodies,  and  for  the  accurate  weighing  of  minute  quantities.  The 
manner  of  using  the  instrument,  it  will  be  seen,  is  similar  to  that  of  Lukin's 


balance,  just  described.  The  beam  a  5  c  is  made  of  steel  sufficiently  strong, 
but  liffht  The  dish  is  suspended  at  a  ;  the  beam  itself  upon  an  axis  at  6;  at 
c  is  me  milled  head  of  alone  screw,  which  is  fitted  with  a  shoulder  and  axis, 
and  goes  through  the  slide  e  that  traverses  upon  h  c,  and  carries  the  weight  d. 
Now,  suppose  it  required  to  obtain  ten  grains,  place  that  weight  in  the  fish/, 
and  screw  back  the  weight  d  until  it  exactly  counterbalances  n.  If  the  weight 
be  now  removed,  and  a  quantity  of  the  substance  to  be  weighed  be  substituted, 
until  the  index  points  to  where  it  did  at  first,  there  wUl  tiben  be  very  nearly  the 
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eiact  weight,  differing  only  by  the  amount  of  the  ftjction  of  the  inttniment. 
This  beam  may  be  used  aa  a  steelyard,  by  screwing  the  weight  d  to  any  number 
marked  upon  the  scale ;  and  should  a  greater  quantity  be  required  than  that 
marked  in  the  first  line,  another  weight,  double  that  of  d,  may  be  substituted. 
The  ancient  balance  was  the  statera,  or  steelyard,  in  which  the  arms  are  of 
unequal  length,  and  one  moTable  weight  is  used,  placed  at  different  distances 
from  the  centre  of  motion,  or  fulcrum.     The  annexed  figure  represents  the 
common  steelyard,  in  which  e  is  the 
fulcrum,  or  centre ;  c  6  the  longer  arm, 
and  c  a  the  shorter.  «  is  the  article  to     ^^ 
be  weighed,  suspended  to  the  shorter 
arm,  and  d  tiie  constant  weight  Now, 
if  the  shorter  arm,  by  its  additional 
thickness,  be  a  counterpoise  to  the 
loneer,  so  that  the  beam,  when  un- 
loaded, may  hang^  in  a  horixontal 
position,  it  is  manifest,  that  equal  weights,  hung  at  equal  distances  firom  tiie 
centre,  will  balance  each  other ;  but  if  one  of  the  weiAts  be  removed  further 
from  die  centre,  that  side  will  preponderate.    From  this,  it  appears  that  a  large 
weight  e  suspended  at  b,  may  be  counterpoised  by  a  small  one  suspended  at  d. 
If  ^e  distance  between  c  and  d  be  nine  times  greater  than  that  between  c  and  e,  a 
weight  of  10  lbs.  at  J  will  counterbalance  one  of  90  lbs.  at  e.    To  prevent  the 
necessity  for  calculation,  die  longer  arm  is  graduated,  so  that  the  exact  weight 
may  be  known  by  inspection. 

!tke  Danuk  Baitmce  is  also  a  steelyard,  but  in  this  the  weight  is  fixed  at  one 
end,  the  article  to  be  weighed  at  the  other,  and  the  fulcrum,  or  support,  movable 
between  them.  In  the  annexed  cut, 
b  represents  the  standard  weight,  and 
a  tne  hook,  to  which  the  article 
whose  weight  is  required,  may  be  sus- 
pended, and  diB  the  movable.fVdcrum* 
If  a  6  were  supposed  a  perfectly 
straight  rod  without  weight,  the  gra- 
dations on  it  should  be  at  equal  di»- 
tances;  but  as  this  cannot  be  the 
case  in  practice,  a  different  arrange- 
ment is  required.  If  c  be  the  centre  of  gravity  of  the  beam,  and  the  fulcrum 
be  placed  at  this  point,  it  b  clear  that  the  beam  will  be  supported  in  an  hori- 
zontal position ;  but  if  a  weight  be  impended  to  the  hook  a,  the  centre  of  gravity, 
which  m  all  cases  must  be  supportea,  will  be  removed  to  d,  for  example,  and, 
consequently,  the  fulcrum  must  be  moved  to  the  same  point  In  this  case, 
there  is  not  only  a  difference  in  the  leverage,  or  length  of^  the  arms,  but  there 
is  the  weight  of  the  portion  e  d  taken  fix>m  one  siuQ  and  added  to  the  other. 
The  best  method  of  graduating  this  instrument  is  bv  experiment, — ^by  apjplying 
known  ouantities  at  the  point  a,  and  marking  the  place  of  the  fiilcrum  a  when 
an  equihbrium  takes  place. 

Tvie  Ckmete  BaUmct  is  a  steelyard,  somewhat  different  from  the  Roman 
statera.  It  is  much  used  by  the  Eastern  merchants  in  weighing  gems  and 
precious  metals.  The  beam  is  a  smaU  rod  of  wood  or  ivory,  about  a  foot  in 
leneth.  Upon  this  there  are  three  lines  of  measure,  made  oif  delicate  silver 
studded  work.  The  scales  commence  at  the  end  of  the  beam,  whence  the  first 
extends  to  8  inches ;  the  second  to  6| ;  and  the  third  to  8).  The  first  indicates 
European  weight,  and  the  other  two  Chinese.  At  the  other  end  of  the  beam  a 
scale  is  suspended ;  and  at  three  several  distances  firom  this  end  are  fastened  so 
many  fine  strings,  forming  so  many  different  points  of  suspension.  The  distance 
of  the  first  point  from  the  end  is  f  of  an  inch ;  the  second  ^ ;  and  the  third  }f, 
MHien  the  instrument  is  used,  it  is  hung  up  by  one  of  the  strings,  and  a  sealed 
weight  of  about  li  oz.  is  hung  upon  some  one  of  the  divisions  of  the  ruloi  so  as 
to  counterbalance  the  weight  of  tne  article,  which  is  indicated  by  the  graduations 
of  the  scale. 


'"'"II..  I  I  ■  r-r 


I%t  Btnl  Lner  Batane*  ii  rcpreKnted  In 
the  uinezed  figure,  in  which  a  e  i  ii  a  bent 
lever,  moring  on  the  centre  e  ai  iti  Ailcrum, 
or  kzi),  of  motion.  To  the  ehorter  srm  of  the 
lerer  at  I,  »  ecale-pan  «  ii  appended,  while 
the  other  arm  ha*  a  heavy  weight  afibted  to 
iti  other  extremitj  a,  which  panes  over  die 
qnadrantal  arch  J  3.  The  nibstance  to  be 
wei^ied  bang  placed  in  the  scale  e,  the  end 
a  irill  faidieale  the  weight  bj  the  height  to 
wbich  it  riiee  on  the  graduated  arch.  A  little 
attention  to  the  diagram  wil]  ihow  that,  ai  the 
end  h  deaceuda,  the  other  extremity  a  aacenda, 
■nd,  at  the  lame  time,  remoTea  to  a  ereater 
dt*lance,  fVom  a  vertiul  line  paaiing  through 
the  centre  of  motion.  In  the  present  posi- 
tion of  the  balance,  the  effecliTe  length  of  the 


h  i,  and  of  the  ai 


k  d.  Now,  ai  tbeM  are  of  equal  lengths,  the  weight  a  (on 
weight  of  the  lever  itself)  will  be  equal  to  that  of  the  mbstance  placed  m  the 
•ca^.  But  aa  the  weight  approaches  the  point  g,  the  effective  length  of  o  e  will 
be  repreeented  by  i  A,  and  the  weight  a  will  therefore  act  with  aa  much  more 
power,  oa  the  length  if  i  h  exceeds  that  at  t  d.  If  the  point  continued  at  the 
same  distance  from  the  vertical  line,  pasdng  through  c,  the  efficacy  of  tba 
weight  wonld,  at  any  point  in  the  arch,  ne  proportional  to  the  length  1^  a  per- 
prnaienlar  drawn  from  that  point  to  the  vertical  line  1  but  as  the  distance  of  6 
Ii  CMistautlj  varying,  we  can  only  state,  generally,  that  the  diviiions  will  b« 

:r  togeOier  as  we  approaoh  the  upper  part  of  uie  scale. 

'    ■"  ■  ■  ■      JI/mAim  if    ' "       "    '       .IP.... 


Pajpie'*  Wttghiag  Maa 


if  of  the  steelyard  kind ;  the  longer  arm  b  divided 
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hj  linet  denotfag  the  nrioui  vrighti,  u  ummI  ;  ba^  inatead  of  the  vewhti 
being  Eoependedln  books  immediately  on  the  beun,  they  ue  atttebed  to  a  Iouk 
CMe,  or  box,  which  ilidei  with  lome  bictioD  slong  the  be«m.  BetMkth  one  end 
of  tMi  ilidiiig  box  ii  s  large  hook,  to  which  it  fuq>ended  the  heavy  weight, 
which  ii  uaed  to  meature  the  Ivger  quanlitie*,  at  hiuidred  weight*,  and  quar- 
ten,  which  an  denoted  by  the  divided  litiea  on  the  beam,  aa  the  iliding  bos  ii 
drawn  over  it  To  meuiue  the  amaller  quantitiee,  ai  ponndt  and  ouncei^  there 
ia  a  lig^t  acBle  of  parti  fixed  to  the  top  of  the  tlitUog  box,  to  which  a  hook  and 
weight  are  hung,  which  are  applied  in  the  Mme  manner  u  the  common  ated- 
yard.  In  the  preceding  engratuig  we  have  given  a  view  of  the  whole  arranm- 
ment,  the  longer  arm  of  the  hcam  being  lomewhet  ahortened  to  lave  room.  In 
Ihij  repreaentatioD,  a  a  ia  the  beam  ;  e  u  the  fulcrum;  d  a  long  rectangular 
loop  through  wUch  the  arm  a  a  panes,  and  which  terret  to  ripport  it  when  not 
in  uae,  or  to  limit  iti  vibrationB  when  employed  in  weighing ;  e  a  the  altding- 
box,  with  its  graduated  icale,  for  the  minuter  quantities,  which  are  to  he  uceiv 
tained  by  the  amaller  weight  j ;  /  the  iaiger  weight,  which  may  he  aecured  at 
tJeaaure,  at  any  point,  by  meant  of  a  thumb-ecrew  above,  half  a  turn  of  which 
nxet  the  elide  againit  the  beam,  while  the  more  minute  quantitiei  are  being 
taken.  The  g(»dt  are  placed  in  the  icole  h,  which  may  then  be  railed  froiu 
the  ground  by  turning  the  handlea  i  i,  which  couiei  the  ecrew  i  to  enter  the 
_...  -■--jj_    Hac''' —  —  '""' '' — '"' "*'  -'  ""  - 


nut  above.     Hachinea  as  this  principle 


[eof  aUn 


;o  weigh  either 


Brabv't  Btdtmct,  or  Wtighing  ApparaluM,  unitei  the  propertie*  of  the  bent 
lever  b^ance,  and  the  iteelyard.    It  baa  been  termed  a  domeitic  balance  fay  the 


inventor,  trma  ita  being  peculiarly  adapted  fur  fhinliy  piupoHi,  inch  ai  weigh- 
ing meat,  bread,  butter,  &c.  In  the  figure  A  B  C  ii  a  frame  of  cait-irun, 
which  hai  the  greater  part  of  its  weight  towards  A,  in  contequenco  at  ill 
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gntAer  thickness  at  that  part     F  is  a  fixed  fulcrum,  and  £  H  a  movable  sus- 
pender, which  has  a  scale  and  hook  at  its  lower  extremity.    £  K  G  are  three 
oistinct  points  to  which  the  suspender  E  H  may  be  applied,  and  to  which  belong, 
respectively,  the  three  jeraduated  scales  of  weights  fCfCdtob.     When  the 
suspender  is  applied  at  U,  the  apparatus  is  in  equilibrio  with  the  edge  A  B  hori- 
sontal,  and  the  suspender  cuts  tlie  zero  of  the  scale  ab»    If  a  weight  be  now 
placed  in  the  scale,  the  whole  apparatus  turns  about  F,  and  the  point  on  the  side 
B  C  descends  till  the  equOibrium  is  again  established.    The  weight  placed  in 
the  scale  may  now  be  read  off  from  the  point  where  the  suspender  cuts  the 
scale  a  b,  which  rasters  to  ounces,  and  is  adapted  to  bodies  whose  weight  does 
not  exceed  two  pounds.    If  the  weight  of  the  body  exceeds  two  pounds,  but  is 
under  eleven,  the  suspender  is  placed  at  K ;  and  when  the  upper  edge  of  the 
balance  is  horizontali  the  weignt,  or  number  2,  is  found  a  little  to  the  right  of 
the  index  of  the  suspender;  if,  now,  weights  exceeding  two  pounds  be  placed  in 
the  scale,  die  whole  again  turns  about  F,  and  the  weight  of  the  body  is  shown 
on  the  graduated  arc  e  d,  which  extends  to  eleven  pounds,  and  registers  to 
every  two  ounces.    If  the  weight  of  the  body  exceeds  eleven  pounds,  the  sus- 
pender is  hung  on  at  £,  and  the  weights  are  ascertained  in  the  same  manner 
on  the  scale/  C  to  thir^ pounds;  the  subdivisions  on  this  scale  are  quarters  of 
poonda.  The  same  principfe  might  be  extended  to  weights  greater  than  the  above. 
To  prevent  mistake,  the  three  points  of  support,  G,  &,  £,  are  numbered  1, 2, 3; 
and  the  corresponding  arcs  are  respectively  numbered  in  the  same  manner. 
When  the  hook  is  used  instead  of  the  scale,  the  latter  is  turned  upwards,  there 
being  a  joint  at  H  for  that  purpose. 

Balance  of  Torthn,    If  a  piece  of  very  fine  wure,  silk,  or  spun  glass,  ex- 
tended by  a  weight,  be  suspended  to  any  fixed  point,  and  then  twisted,  it  will, 
when  released,  begin  to  untwist  itself,  and,  by  its  momentum  acquired  in  the 
act  of  untwisting,  will  twist  in  the  opposite  direction.    It  will  afterwards  return, 
and  thus,  by  a  series  of  oscillations,  continually  diminishing  in  amplitude,  it 
will  at  length  come  to  a  state  of  rest  in  its  original  position.    Now,  if  a  needle, 
or  an  index  similar  to  the  hand  of  a  watch,  be  attached  to  the  lower  extremity 
of  the  suspended  wire,  and  a  circle,  having  its  circumference  graduated  into 
degrees,  or  other  equal  divisions  beneath  it,  it  will  form  the  balance  of  torsion. 
To  measure  small  forces,  as  those  of  electricity,  magnetism,  &c.,  with  this 
balance,  they  are  made  to  act  on  one  extremity  of  the  index ;  and  when  the 
force  ia  in  equilibrio  with  the  tendency  of  the  wire  to  untwist,  the  angle  which 
the  index  makes  with  its  quiescent  position,  which  is  called  the  angle  of  torsion^ 
is  the  measure  of  the  force  employed.    In  the  annexed 
cut,  let  a  6  c  ^  represent  the  graduated  circle,  and  a  g 
the  index  suspended  by  the  silver  wire  at  the  point  e. 
Suppose  any  force  act  upon  a  so  as  to  move  it  to  b,  then 
will  the  arcs  a  b  represent  the  angle  of  torsion.    Sup-    a  fp       ^^-^^"^  pj  g 
pose  another  force  to  act  at  the  same  distance,  and 
move  the  ball  to  c,  then  will  the  latter  force  be  mea- 
sured by  the  arc  a  c ;  and  hence  the  intensity  of  the 
former  force  is  to  that  of  the  latter,  as  a  i  to  a  c.    To 
preserve  the  index  from  disturbance  by  the  air,  the  whole  is  enclosed  in  a  glass 
cylinder,  at  the  upper  part  of  which,  where  the  wire  is  attached,  there  is  an  index 
and  a  divided  circle,  which  is  used  to  twist  the  wire,  when  the  measure  of  a  foree 
becomes  greater  than  a  whole  circumference.   The  sensibility  of  this  instrument 
will  depend  on  the  dimensions  of  the  suspending  wire.   Thus,  if  the  length  of  the 
wire  be  doubled,  the  sensibility  will  be  mcreased  in  the  same  proportion,  i.  e. 
only  half  the  force  will  be  required  to  twist  the  wire  a  given  number  of  degrees. 
If  the  diameter  of  the  wire  be  increased,  the  sensibility  is  diminished  in  a  great 
degree ;  thus,  if  there  be  two  wires  of  the  same  length,  but  one  twice  the  thick- 
ness of  the  other,  the  latter  will  require  sixteen  times  more  power  than  the  former 
to  twist  it  through  a  given  number  of  degrees ;  the  force  of  torsion  being  pro- 
portional to  the  fourth  power  of  the  diameter,  and  sixteen  it  will  be  seen  is  the 
fourth  power  of  two.    If  the  wire  he  increased  three  times  in  diameter,  the 
sensibility  will  be  decreased  3X3X3X3    81  times. 
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Balam*  rf  a  wattk,  is  that  part 
which,  l^ito  motioD,  regnlslci  ind 
dctenninca  the  ribntioDi.  llieeir- 
cuIm  put  ii  oiled  the  rim,  and  iti 
■]^dle  the  verge ;  there  alio  belong 
to  it  two  pellela,  that  pkj  in  the 
tang*   of  tlw   crcnrn -wheel.       In 


playa,  and  in  the  middle  of  which 
one  pirot  of  the  crown-wheel  runi^ 
ii  called  the  potence ;  the  wrought 
piece,  which  ooren  the  balance, 
and  in  which  the  upper  oivot  of  the 
balance  play^  >■  the  cock ;  and  the 
amall  spring  in  the  new  pocket- 
watchei,  ia  called  the  regulator. 
The  DiotioD  of  a  balance,  like  that 
of  a  pendulum,  being  Teciprocating, 
while  the  preuure  of  the  wheeli  i* 
in  one  direction,  it  is  obrioiu  that 
tome  contrivance  muit  be  uied  to 
accommodate  one  to  the  other. 
When   a  tooth   of  the  wheel 

Siven  the  balance  a  motion  in 
irection,  it  mtut  c^iut  it,  that  It 
may  obey  an  impulsion  in  the  op- 
poeite  direction.  The  balance,  or 
pendulum,  thui  escaping  &om  the 
tooth  of  the  wheel,  or  the  tooth 
neaping    from   the    balance,    haa 

S'ren  to  the  general   conitmction 
e  name  oTtcapemenL   SeeHoao- 

BALING  MACHINE.  A  ma- 
chine for  nniing  water  from  the 
hold  of  ihipi.  When,  from  the 
piunpe  being  rendered  uaeleu  by 
an  accident,  or  Irom  the  extent  of 
a  leak,  the  water  gains  upon  the 
pumpi,  the  method  ugually  resorted 
to  for  getting  rid  of  it,  ia  to  bole  it 
out  at  the  aereral  hatchway*,  by 
meant  of  canTS*  buckets  i  but  Irom 
the  difficulty  of  filling  and  raising 
the  buckets,  ftom  the  heavy  rolling 
of  the  veisel,  the  moat  painfiil  am 
long  continued  exertioni  prove  in- 
Bumcient  to  iave  a  ship  from  fbun- 
,  derin^.  An  apparatm,  of  great 
limphcity  of  eonstniction,  and  faci- 
lity of  application,  for  the  purpose 
of^baling,  haa  been  invented  by  Mr. 
J.  Dennett,  of  the  Isle  of  Wight, 
which  will,  no  doubt,  be  found  a 
powerful  auxiliary  to  a  ship's  pumps 
m  casea  of  danger.  The  annexed 
figure  it  a  perspective  view  of  tliis 
machine,  a  and  5  are  part  of  the 
hatchway*  of  the  upper  and  lower 


BALLISTIC  PENDULUM.  133 

decks ;  e  c  is  a  long  rebated  slide,  in  an  inclined  position,  reaching  from  a  little 
above  the  coamings  of  the  upper  deck,  to  the  ballast  in  the  hold ;  e  is  a  square 
bucket,  made  to  slide  on  the  rebate  c  c  ;  its  bottom  is  a  flap  valve,  so  that  when 
it  slides  down  into  the  water,  it  opens,  and  the  bucket  fills  instantly,  and  closes, 
upon  being  drawn  up  ftiil  of  water,  without  any  attention  on  the  part  of  the  work- 
mno.  The  upper  portion  /  of  the  rebate  of  the  long  slide  is  made  detached,  and  is 
fixed  in  its  {uace  by  the  pin  g,  on  which  it  turns  as  on  an  axis.  The  bucket  is  shown 
discharging  the  water  on  the  upper  deck ;  and  when  the  rope  A  i' A:  is  let  go,  the 
bucket  lalls  down,  rights  itself,  and  the  upper  portion /of  the  slide  falling  with 
it,  and  joining  tlie  lower  part,  the  bucket  runs  down  the  whole  of  the  slide  into 
the  water,  is  instantly  filled,  and  drawn  up  aeaia  by  pulling  the  parts  t  &  of  the 
rope,  the  part  k  passmg  through  a  leading  block  m  on  the  deck.  A  pin  is  fixed 
on  the  top  of  the  rebate,  so  that  when  the  bucket  rises  up,  and  is  only  in  the  loose 
portion  /,  it  is  stopped  by  the  pin ;  and  the  loose  portion/,  by  farther  pulling, 
rises  out  of  its  place,  and  upsets  the  bucket.  To  prevent  the  bucket  being  raised 
higher  than  is  necessary  to  discharge  the  water,  a  knot  is  worked  in  the  rope, 
which  forms  a  stop  against  the  bioca  L  The  block  /  is  made  fast  to  a  yard- 
arm,  and  the  upper  end  of  the  rope  k  is  secured  to  the  same,  or  elsewhere,  with 
just  length  enough  to  let  the  bucket  reach  the  bottom  of  the  slide. 

BALLAST.  Heavy  substances  placed  in  the  lowest  part  of  the  hold  of  a 
ship,  to  preserve  the  vessel  in  an  upright  position,  when  under  sail.  It  consists 
generally  either  of  masses  of  cast'^iron  3  feet  long  and  6  inches  square  or  of 
small  round  stones,  which  is  called  shingle  ballast. 

BALLAST  LIGHTER.  A  vessel  employed  to  remove  sand,  silt,  or  other 
depositioDS  from  the  beds  of  rivers,  harbours,  docks,  &c.  which  is  effected  as 
feUows :  The  vessel,  which  is  a  species  of  open  barse,  being  moored,  a  leather 
baf  ,  the  mouth  of  which  is  distended  by  an  iron  hoop,  fastened  to  a  pole  of 
sufficient  depth  to  reach  the  bottom,  is  put  over  the  side,  and  descends  to  the 
bottom  in  an  inclined  position ;  two  or  three  turns  are  taken  with  a  rope 
roand  the  pole,  and  a  timber-head  near  the  stem  of  the  boat.  A  rope  attached 
to  the  hoop  of  the  bag,  and  passing  over  a  small  orow  at  the  fore  part  of  the 
▼easel,  is  tiien  brought  to  a  winch,  and  the  bag  is  gradually  wound  up  by  a  man 
at  the  stem  slowly  slacking  the  rope  which  passes  round  the  pole,  thus  allowing 
it  to  rise  as  it  approaches  the  vertical  position ;  at  the  same  time  causing  such 
friction,  that  the  edge  of  the  hoop  digs  into  the  ground,  and  the  leather  bag 
rtoeives  whatever  passes  through  the  hoop.  When  the  bag  is  raised  above  the 
aide  of  the  boat,  it  is  swung  into  the  boat  by  the  crane,  and  its  contents  dis- 
charged into  the  bottom  of  the  vessel. 

BALLISTA.  A  machine  used  in  ancient  warfare  for  throwing  stones  or 
darts.  It  in  some  measure  resembled  the  cross-bow,  but  possessed  far  greater 
projectile  power.  It  has  been  thus  described :  An  iron  cylinder  was  fastened 
between  two  planks,  from  which  proceeded  a  hollow  square  beam,  placed  cross- 
wjae,  and  fastened  with  cords,  to  which  were  added  screws.  At  one  end  of  this 
stood  the  engineer,  who  put  a  wooden  shaft  with  a  large  head  into  the  cavity  of 
the  beam ;  this  done,  two  men  bent  the  endne,  by  turning  some  wheels.  When 
the  top  of  the  head  was  drawn  as  fiir  as  the  coras  would  allow,  th*e  shaft  was 
driven  out  of  the  ballista.  The  ballista  depended  and  acted  upon  the  same 
principles  as  the  catapulta,  the  moving  power  of  which  depended  on  the  elas- 
ticity ot  twisted  cords,  made  with  women's  hair,  that  of  horses,  or  the  entrails 
of  animals.  The  ballista  was  usuaUy  employed  in  throwing  darts,  though,  like 
the  catiq>ulta,  it  sometimes  was  used  in  projecting  large  stones.  It  is  recorded 
by  Vegetius,  that  the  ballista  discharged  darts  wiw  such  velocity  and  force,  that 
nothing  could  resist  their  power :  and  Athenieus  adds,  that  Agistratus  made  one 
of  little  more  than  two  feet  long,  which  shot  darts  600  paces. 

BALLISTIC  PENDULUM.  An  ingenious  machine,  invented  by  Mr.  Ben- 
jamin RobinSy  for  ascertaining  the  velocity  of  military  projectiles,  or  the  force  of 
^nd  gunpowder.  It  oonsistB  of  a  large  block  of  wood,  fixed  to  the  end  of  an  iron 
rod,  and  suspended  like  the  pendulum  of  a  clock.  When  the  pendulum  is  at  rest, 
a  gun  is  pointed  towards  the  centre  of  the  block,  and  a  baU  fired  point  blank 
into  it     In  consequence  of  the  magnitude  of  the  block,  compared  with  the  ball 
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or  bullet,  a  very  nnall  velocity  is  given  to  the  former,  which  being  aocurately 
measnred,  the  velocity  of  the  ball  is  easily  deduced;  for,  as  the  weight  of  the 
ball  is  to  the  sum  of  the  weights  of  the  baU  and  block,  so  is  the  observed  velociW 
of  the  block  to  a  fourth  quantity,  which  is  the  velocity  of  the  ball  sought  A 
variety  of  experiments  have  been  made  by  Dr.  Hutton  with  this  pendulum, 
from  which  a  number  of  useful  rules  have  been  deduced  relative  to  the  velocity 
produced  with  different  chaiges  of  powder,  with  guns  of  different  lengths,  and 
with  different  sized  balls.  A  complete  series  of  experiments  was  also  mstituted 
relative  to  the  resistance  of  the  air  to  different  velocities,  varving  from  0  to  2,000 
feet  in  a  second.  Among  other  results,  he  ascertained  Uiat  mflamed  gunpowder 
expands  itself  with  a  velocity  of  about  5,000  feet  in  a  second. 

BALLOON,  in  Chemistry,  a  glass  vessel  to  receive  the  product  of  distillation. 

BALLOON,  Air.  A  bag  made  of  silk,  paper,  or  other  light  material,  for 
containing  heated  air,  or  gas,  of  less  specific  gravity  than  the  atmosphere.  If 
the  weight  of  the  balloon,  and  of  the  heated  air  or  gas  which  it  contauis,  be  less 
than  that  of  an  equal  bulk  of  atmospheric  air,  the  balloon  will  ascend  in  con- 
sequence of  the  equilibrium  of  atmospheric  pressure  being  disturbed ;  the  pressure 
of  the  column  of  which  the  balloon  forms  a  part,  being  less  than  that  of  the 
ordinary  atmosphere.  The  ascending,  or  upward  pressure,  therefore,  carries  the 
lighter  Dodv  up  untU  it  arrives  at  a  more  attenuated  medium,  which  is  of  the 
same  specific  gravity.  After  the  discovery  of  hydrogen  sas,  the  lightest  of  idl 
ponderable  substances,  it  occurred  to  Dr.  Black,  that  a  thm  bag  filled  with  thia 
would  ascend  in  the  air.  He  suggested  the  employment  of  we  aUantois  of  a 
calf  for  this  purpose,  but  Mr.  Cavallo,  who  performed  various  experiments  on 
this  subject,  round  that  this,  and  the  lightest  bladders  he  could  procure,  were  all 
too  heavy.  Chinese  paner  was  also  tried,  but  the  gas  escaped  rapidly  through 
it  By  fillinfi;  soap-sua  bubbles  with  hydro^n  gas  he  succeeded,  and  these 
balloons  rapifiy  ascended  to  the  ceUing.  Within  these  few  years  small  experi- 
mental balloons  have  been  formed  of  the  crop  of  a  turkey,  which,  when  the 
lat,  &c.  have  been  separated,  are  sufilciently  light  to  ascend  if  filled  with  hy- 
drogen gas,  although  some  of  them  do  not  contain  more  than  a  pint  At  about 
the  same  period  of  time,  two  brothers,  named  Montgolfier,  natives  of  Annonay, 
in  France,  were  trying  experiments  with  balloons  filled  with  heated  air,  the 
specific  gravity  of  which  is  less  than  that  of  air  at  the  ordinary  temperature. 
They  were  led  to  these  experiments  hv  observing  the  rapid  ascent  of  smoke 
from  chimneys,  and  imagined  that  if  the  smoke  were  confined  in  a  laige  and 
light  baff,  it  would  be  borne  upwards.  A  bag  of  fine  silk,  in  the  shape  of  a  paral- 
lelopiped,  was  constructed,  and  burning  pa^r  was  held  under  the  aperture, 
until  the  balloon  contained  a  sufiicient  quantity  of  rarefied  air  to  cany  it  up  to 
the  ceiling  of  the  apartment  When  this  experiment  was  repeated  in  the  open 
air,  the  vessel  ascended  to  an  altitude  of  about  70  feet  Other  balloons  on  a 
larger  scale  were  constructed,  and  a  public  exhibition  of  one  containing  23,000 
cubic  feet  was  made  at  Annonav,  on  the  5th  of  June,  1783.  This  was  formed 
of  linen  lined  with  paper,  and  when  filled  with  heated  air,  was  capable  of  raising 
500  lbs.  appended  to  the  extremity.  One  of  the  Montgolfiers  shortly  after  this 
visited  Pans,  and  as  the  affair  had  excited  much  attention,  he  was  invited  by 
the  Academy  of  Sciences  to  repeat  the  experiment  at  the  expense  of  the  Society. 
A  large  balloon,  of  elliptic  shape,  was  filled  with  heated  air,  in  the  presence  of 
the  members,  and  in  this  state  it  would  have  ascended  with  a  weight  of  500  lbs, 
if  the  cords  which  prevented  it  had  been  liberated.  As  it  was  intended  to 
exhibit  the  ascent  before  the  king  of  France  and  his  court,  tliis  was  not  done, 
and  the  balloon  was  subsequently  so  much  damaged  by  wind  and  rain,  that  it 
became  necessary  to  construct  another.  This  was  nearly  60  feet  in  height,  and 
43  in  diameter,  and  a  wicker  cage  was  attached  to  it,  containing  a  uieep,  a 
cock,  and  a  duck.  The  balloon,  when  duly  prepared,  ascended  with  these  to  an 
altitude  of  about  1,400  feet,  and  would  have  ascended  to  a  greater  height  had 
not  a  violent  gust  of  wind  torn  the  cloth,  and  permitted  the  heated  air  to  escape. 
The  facility  of  ascending  in  the  atmosphere  being  thus  ftiUy  established,  Pilatre 
de  Rozier  offered  personally  to  ascend  in  another  balloon,  to  be  constructed  by 
Montgolfier.     Accordingly  another  balloon  was  completed,  of  enormous  mag- 
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nitttde.  The  height  wat  74  feet,  and  the  diameter  48 ;  and  its  weight,  including 
the  car  and  necessary  fuel  for  continuing  the  fire,  was  1600  lbs.  By  this  the 
intrepid  Pilatre  de  Roner  made  several  ascents  to  an  altitude  of  from  200  to  330 
feet,  but  in  these  preliminary  attempts  the  balloon  was  confined  by  cords. 
Subsequently  he  ascended  in  company  with  the  Marquis  d'Arlandes,  with  the 
balloon  unrestrained,  and  they  continued  in  the  air  about  25  minutes,  and 
descended  at  a  distance  of  about  five  miles  Grom  the  place  of  their  departure. 
The  difference  between  the  specific  gravity  of  air  heated  by  the  means  employed, 
and  that  of  air  at  ordinary  temperatures,  not  being  very  considerable,  the  buoyant 
power  of  a  balloon  thus  filled,  was  comparatively  small,  and  therefore  it  was 
mdispensable  to  employ  a  large  quantity,  and,  consequently,  a  large  machine  to 
contain  it.  To  double  the  volume  of  air  by  heat,  requires  a  temperature'  of 
nearly  480o  Fahr.  Messrs.  Charles  and  Roberts  therefore  tried  the  experiment 
of  filUng  a  silk  bag  only  13  feet  in  diameter,  with  hydrogen  gas,  whicn  is  only 
^  the  weight  of  orainary  air.  The  experiment  was  perfectly  successfiil.  This 
small  bidloon  was  capable  of  raising  35  lbs.,  and  on  being  liberated,  it  ascended 
to  a  considerable  height,  and  after  remaining  three-quarters  of  an  hoiur  in  the 
air,  descended  at  a  distance  of  fifteen  miles  from  the  spot  where  it  had  ascended. 
A  balloon  formed  of  silk,  and  varnished  with  a  solution  of  Indian  rubber,  was 
then  constructed,  which  was  filled  with  hydrogen  gas.  The  diameter  was  27 ^ 
feet,  and  it  waf  covered  with  a  net-work,  to  wmch  a  car,  capable  of  holding  two 
persona,  was  attached.  Messrs.  Charles  and  Roberts  ascended  from  Paris  in 
this,  in  December  1783,  and  after  remaining  in  the  air  an  hour  and  three 
quarters,  they  alighted  at  a  distance  of  27  miles  without  accident  A  su£9cient 
quantity  of  gas  still  remained  in  the  balloon  to  carry  up  one  person,  and 
Mr.  Charles  again  ascended  alone,  and  attained  an  altitude  of  more  than  10,000 
feet.  Shortly  after  this  successful  effort,  attempts  were  made  to  guide  or  impel 
a  balloon  in  any  required  direction ;  and  if  this  could  have  been  accomplished, 
the  invention  would  have  introduced  a  new  era  in  science.  Mr.  Blanchard 
applied  a  species  of  wings  to  the  car,  but  was  unsuccessful  in  his  attempt  to 
travel  against  the  direction  of  the  wind;  nor  was  Morveau  more  fortunate  with 
laxge  oars  or  sails,  introduced  with  the  same  design.  Numerous  contrivances 
have  been  since  adopted,  but  aU  have  been  ineffectual  in  practice ;  and,  indeed, 
when  the  great  extent  of  surface  which  a  balloon  presents  to  the  impiilsive 
force  of  air  in  motion  u  duly  considered,  the  probaoility  of  overcoming  that 
force  by  any  means  which  can  be  commanded  by  the  aerial  voyager,  seems  very 
remote.  Endeavours  have  also  been  made  to  economize  the  gas  which  the 
balloon  contains.  A  much  larger  quantity  than  is  necessary  to  create  the 
buoyant  power  required  to  carry  up  the  voya^rs,  is  introduced,  and  to  occasion 
the  descent  of  the  machine,  the  gas  is  permitted  to  escape  by  a  valve ;  but  if 
the  aeronaut  require  again  to  ascend  in  consequence  of  the  un&vourable  nature  of 
the  ground  on  which  he  is  likely  to  descend,  or  from  any  other  cause,  he 
must  part  with  ballast,  which  may  be  essential  to  his  safety.  The  Duke  de 
Chartres,  accompanied  by  Charles  and  Roberts,  ascended  in  a  balloon  filled  with 
hydrogen  gas,  which  contained  a  smaller  within  it,  to  be  filled  with  common 
air,  by  means  of  a  pair  of  bellows,  as  occasion  might  require.  By  inserting 
common  air  into  the  small  balloon,  the  specific  gravity  of  the  machine  would 
be  increased,  and  it  would  descend  without  loss  of  gas,  and  reascend  by  with- 
drawing the  common  air.  However  ingenious  the  contrivance,  it  was  not 
found  successful  in  practice,  chiefly,  perhaps,  on  account  of  the  unfavourable 
state  of  the  wind,  which  was  tempestuous  when  the  experiment  was  made. 
Pilatre  de  Reader  and  Mr.  Romaine,  with  the  same  design  introduced  a  bal- 
loon filled  with  heated  air  below  the  ordinary  baUoon  containing  hydrogen 
gas.  The  buojant  power  of  the  heated-air  balloon  was  equal  to  about  60  lbs. ; 
and  by  removing  the  source  of  heat,  the  specific  gravity  of  the  whole  machine 
was  increased,  so  that  it  was  not  necessary  to  part  with  any  gas  during  a  voyage. 
The  attempt  to  carry  this  plan  into  execution  was  fatal  to  both  voyagers.  The 
upper  balloon,  by  means  unknown,  took  fire,  and  the  intrepid  De  Rozier 
ana  his  companion  were  precipitated  to  the  earth  and  killed.  It  is  not  our 
purpose  to  describe  the  various  attempts  that  have  been  subsequentiy  made  to 
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improve  the  conslruclion  of  bB]loon^  or  Ic  renQer  them  lubsnTimt  to  icientific 
purposii,  since  little  has  been  effected  towBrds  acctRitpliihing  tlieae  object).  Vie 
cwitiot,  however,  oinit  a  deKription  of  «n  additkni  to  the  balloon,  called  a 
parachute,  which  was  first  employed,  with  daring  courage,  by  M.  Gamerin, 
The  halloon  ntis  of  the  usual  fonn,  made  of  oiled  silk,  and  filled  with  inflam- 
mable gat;  it  was  covered,  aa  represented  in  the  annexed  engraving,  with  a 
netting,  from  which  corda  proceeded  that  were  tied  tt^ther  at  a  few  feet  below 
ibe  b^oon ;   the  several  coidi  thua  collected  were  then  twitted  lo  ■«  to  form  a 


■II  ele  rope  nh  ch  was  pasted  throueh  the  parachute  and  fastened  to  the  car, 
or  Itasket  The  real  etructure  of  the  parachute  la  best  seen  in  its  expanded 
■tate  as  shown  m  the  descent,  forming  a  near  resemblance  to  a  large  umbrella; 
It  was  made  of  canvass  and  about  thirty  feet  m  d  ameter  it  had  I  o  ribs, 
the  figure  of  its  dome  beuig  preserved  by  the  suirounding  cords  The  length 
of  these  cwdl,  or  ropes,  from  the  edges  of  the  dome  of  the  parachute  to  where 
Ihey  are  connected  together,  was  about  30  feet;  and  from  this  pomt  of  conne^uon, 
other  shorter  ropes  proceeded,  which  were  attached  to  the  edges  of  the  circular 
biisket  in  which  the  aeronaut  was  situated.  In  the  place  of  the  handle  of  a  com- 
mon umbrella,  a  long  tin  lube  was  fixed  in  (he  parachute,  through  which  the 
single  rope  before-mentioned  was  passed,  to  prevent  its  becoming  entangled, 
and  <o  allow  it  to  slip  away  with  ceitainty  when  severed  for  the  purpose  of  de- 
scending. Theosctnt  took  place  on  the  2  Ist  of  September,  1802,  from  St.  Geocge's 
Parade,  North  Audley-streeL  Tlie  balloon  begun  to  be  filled  about  twoo'dock;  33 
casks  filled  with  diluted  sulphuric  acid,  together  vilh.  a  quantity  of  iron  filings,  were 
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emi^D^  for  tbe  production  ofthe  hydrogen  n*.  TheHeommnnicBled  withthrc* 
other  cMki,  or  general  receivers,  to  each  of  vhich  wu  afiixed  a  tube  thM  emptied 
itMlf  into  the  main  tube  connected  (o  the  balloon.  At  nx  o'clock  the  balloon 
w*i  completely  filled ;  when  it  rose  with  iCa  long  oppendafe  of  thepancbute,  th* 
oaronant  in  the  little  baiket  cloilng  the  train.  Thonoandi  of  occfamalioni  rent 
the  air,  while  the  e^ea  of  teni  of  thouuuida  of  tpectaton  were  fixed  in  oitoniib- 
ment  and  admiration  at  the  gallant  adventurer ;  feelingi  which  could  be  only 
■uipaaaed  bj  tha  most  interne  and  painfiU  outiety  for  his  aofety.  The  weather 
wai  beantilully  fine,  with  uarcely  any  wind.  For  eight  minute*  thii  intrepid  man 
continued  to  aicend,  till  be  acived  at  such  on  immenie  height  oi  to  be  aoaicely 
Tiiihley  when  he  cut  away  the  balloon,  llie  pancbnte  did  not  expand  imm«- 
diolel^,  and  he  fell  with  great  velocity  for  ■  ahort  ipoce  of  time ;  when  it  opened, 
and  hiB  deooent  become  gradual,  but  attended  with  a  remajkable  oicillation,  like 
the  pendulum  of  a  clock,  to  that  degree,  at  one  time,  that  the  parachute,  cordi, 
baaket,  and  aeronaut,  appeared  to  be  stretched  in  an  horizontal  line.  At  length, 
M  be  approached  the  earth,  theae  fibratione  were  leu  extended,  and  oontinued 
lo  diminiah  till  he  reached  the  ground,  which  he  did  without  any  injury  to  him- 
■elf,  or  the  apparatus,  which  he  brought  down  with  him,  in  a  Geld  near  the 
Small  Pox  Hoipital,  at  Pancraa.  The  balloon  wa«  obeened  to  aacend  rapidly 
aftn  aqmrotion  ftvm  the  parachute,  and  wai  soon  out  of  aight  It  baa  been 
mggeated  to  combine  the  parachute  with  the  balloon  lo  ai  to  add  nothing  to  the 
bo^  wid  bat  little  to  the  weight  of  the  machine ;  it  ia  aa  followa :— The  band 
iriiich  dividea  the  upper  hemi- 
■phers  of  the  balloon  from  the 
lower  one,  ia  to  be  formed  of  a 
wooden  hD<m,  to  which  the  !="■ 
nel-woA  which  cover*  the  ^' 
upper  hemiaphere,  i*  to  be 
bmlv  attached ;  (he  cordi' 
which  deacend  from  thi)  hoop, 
are  to  be  faatened  together  m 
the  luual  manner,  ^low  the 
bdloon,  but  not  attached  to  . 
the  lower  hemifphere ;  now,  if  i 
the  upper  hemiiphere  of  (he  ^ 
balloon  should  bunt,  the  gas  J. 
'lalloonwould  ^ 
1  the  iowet"- 
hemisphere  would  immediately  ^ 
fall  into  the  direction  here  re-  .  -^ 
presented,    Iming    the   upper  ■e^-=" 

one,   and  forming  a  complete      ".-  __ 

parachute.     Should  the  lower        "Q^^_  __     .  -^^ 

part  buret,  the  escape  of  the  ~"^^^g^^  ^^=f^^^ -"^^ 

ni  would  not  be  ao  sudden  as  "  —  ~  ~ 

m  the  rortner  instance ;  but  when  it  had  escaped,  and  the  balloon  began  to  fall, 
it  would  immediately  form  itself  into  the  same  shape  as  before :  in  this  latter 
case,  it  would,  perhaps,  b«  better  to  open  the  valve  at  the  top,  by  which  meant 
tbe  ballooti  would  sooner  be  formed  into  the  shape  of  a  parachute.  This  plan 
has,  perhaps,  theae  advanuna  over  (he  common  parachute;  viz.  laL  That  of 
taking  up  leas  room ;  2d.  Being  Jesa  weighty ;  and  3d.  Not  being  subject  to 
that  great  and  sudden  fall  which  must  render  the  use  of  the  common  parachute 
not  tally  unpleasant,  but  extremely  dangerous. 

Mr,  Green,  who  has  made  more  than  two  hundred  succetsfiil  aaceuta,  first 
employed  the  ordinarv  coal  ^  in  lieu  of  hydrogen,  or  heated  air,  to  caio  the 
hioyuit  power.  As  the  specific  gmvi^  of  this  is  considerably  greater  than  that 
of  hydrogen,  it  is  neceaaary  lo  employ  a  larg^  balloon  when  coal  gaa  is  used. 
Hr.  GreeD'a  preMUt  balloon  contains  about  24,000  cubic  feet.  There  ii  much 
cconimy  in  using  this  substitute,  aa  the  coat  price  of  aofflcient  coel  gas  does 
act  exceed  twenty  pouods;  bat  tbe  expense  of  gan^ating  ■■  untolt  hydrogen 
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gas  as  the  balloon  requires,  amounts  to  nearly  a  hundred  pounds.  The  latter 
product  of  the  distillation  of  coal,  when  the  more  valuable  illuminating  gas  is 
evolved,  answers  the  puxpose  best,  as  it  contains  much  less  carbon,  and  is,  con- 
sequentlv,  considerably  lighter.  The  best  material  for  constructing  a  balloon, 
is  the  silk  stuff  called  lustring.  When  cut  into  gores  it  diould  be  stretched  by 
weights,  or  other  means,  and  kept  in  this  state  several  hours  before  it  is  var- 
nished or  sewn.  It  is  usual  to  apply  boiled  linseed  oil,  containing  a  small 
quantity  of  oxide  of  lead,  for  the  first  coat  of  varnish,  and  a  solution  of  caout- 
chouc (Indian  rubber)  in  oil  of  turpentine,  for  the  last  The  seams  should 
be  doubly  sewn  and  overlapned;  and,  when  finished,  a  hot  smoothing-iron 
should  bepassed  over  them,  the  silk  being  protected  by  an  intervening  sheet  of 
paper.  The  gores  should  be  cut  with  great  precision.  A  net-work  of  strong 
nempen  twine  should  be  accurately  fitted  to  the  balloon,  the  meshes  at  the 
upper  extremity  being  smaller  than  those  below.  To  the  separate  cords  which 
terminate  the  net-wonc,  a  circular  hoop  is  attached,  from  which  the  car  is  sus- 
pended by  strong  ropes.  The  whole  of  the  net-work  and  ropes  should  be  so 
adjusted,  that  the  strain,  or  pressure,  is  eqiudised  over  the  whole  surface  of  the 
balloon.  The  valve  for  permitting  the  escape  of  gas  must  be  retained  in  its 
place  by  a  sufficient  spring;  and  to  render  it  peifecUy  air-tight,  a  luting  of  wax 
and  oil  is  generally  employed  around  the  edges.  The  cord  by  which  me  valve 
is  opened  passes  through  the  interior  of  the  balloon ;  and  great  care  is  neces- 
sary to  prevent  it  being  entangled.  The  extremity  of  this  cord  should  never  be 
fastenea  to  the  car,  as  in  the  event  of  its  oscillation,  the  valve  might  be  opened, 
and  retained  in  that  state  until  the  grrater  part  of  the  eas  escaped.  A  grap- 
pling-iron, attached  to  a  strong  rope,  is  an  indispensable  appendage  to  a  biu- 
loon.  As  much  ballast  as  can  be  taken  should  always  be  employed.  It 
frequently  occun  that  the  aerial  voyager  is  far  above  the  clouds,  and  loses  sight 
entirely  of  the  earth  bv  their  intervention ;  on  passing  through  them,  he  may 
find  that  the  spot  on  which  he  is  descending  is  unfavourable.  A  few  poun Js 
of  ballast  thrown  out,  will  occasion  the  balloon  again  to  ascend,  and  pass  over  the 
inappnmriate  landing-place.  The  writer  of  this  article  was  thus  situated ;  and 
dU  the  ballast  beinff  dischaiged,  he  was  in  imminent  danger  of  descending  in  an 
arm  of  the  sea.  A  contraiy  current,  near  the  surface  of  the  earth,  however, 
save  the  balloon  another  curection,  when  escape  seemed  almost  impossible, 
llie  appearance  of  the  scenery  below  to  an  aeronaut  is  inexpressibly  beautiftil ; 
but  as  a  birdVeye  view  only  can  be  taken,  no  correct  opinion  can  be  formed  of 
the  altitude  of  buildings,  hills,  or  trees.  On  this  account,  much  of  the  grandeur  of 
an  extensive  prospect  is  lost  Tlie  chief  inconvenience  experienced  is  from 
the  sudden  variations  of  temperature.  The  upper  regions  of  the  atmosphere 
are  intensely  cold  when  the  sky  is  cloudless,  even  although  the  sun  be  shinmg  in 
meridian  splendour.  In  an  ascent  made  in  August,  when  the  thermometer  was 
7i9  in  the  sun  at  the  time  of  ascent,  the  writer  observed,  in  less  than  twenty 
minutes,  that  the  mercury  indicated  a  temperature  of  31<>. 

BALLUSTRADE.  A  series,  or  row,  of  ballusters,  joined  by  a  rail,  serving 
both  as  a  rest,  and  as  a  fence  or  enclosure,  to  stair-cases,  balcomes,  &c 

BALSAMS  are  vegetable  juices,  either  liquid,  or  which  spontaneously 
become  concrete,  consisting  of  a  substance  of  a  resinous  nature,  combined  with 
benxoic  acid,  or  which  are  capable  of  affording  benzoic  acid,  by  being  heated 
alone,  or  with  water.  They  are  insoluble  in  water,  but  reamly  dissolve  in 
alcohol  and  ether.  The  liquid  balsams  are  copaiva,  opo-balsam,  rem,  styrex, 
and  tolu ;  the  concrete  are  benzoin,  dragon'^  blood,  and  storax. 

BALSAM  OF  SULPHUR.    A  solution  of  sulphur  in  oil. 

BALDWIN'S  PHOSPHORUS.    Ignited  nitrate  of  lime. 

BAMBOO  is  a  native  of  the  hottest  regions  of  Ada.  It  is  likewise  to  be 
found  in  America,  but  not  in  that  abundance  with  which  it  flourishes  in  the  old 
world.  It  is  never  brought  into  this  country  in  sufficient  supply,  though  it  is  ad- 
mirably adapted  for  many  purposes.  In  the  countries  of  its  pxxKluction,  it  is  one  of 
the  most  universally  useful  plants,  and  of  the  most  rapid  ^wth,  rising  from  fifty 
to  eighty  feet  the  fint  year,  and  the  second,  perfecting  its  timber  in  hardness 
and  elasticity.    It  grows  in  stools,  which  are  cut  every  two  ^ears.    Its  youn^: 
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shootf  and  roots  make  an  Indian  pickle ;  its  light,  mcetvlf  knotted  stalk,  is 
wed  in  many  artides  of  furniture  for  the  rich ;  and  its  timber  forms  aknost 
entire  houses  for  the  lower  orders.  The  quantity  of  timber  furnished  by  an  acre 
of  bamboo  is  immense.  Bridges,  boats,  masts,  rigging,  agriculture,  and  other 
implements  and  machinery ;  carts,  baskets,  troughs,  pipes  for  conveying  water, 
pumps,  fences  for  gardens  and  fields;  taUes,  chairs,  bedsteads,  bedding,  barrows, 
fences,  sacking,  cordage,  oakum,  candle-wicks,  whips,  &c.  are  made  of  it 
Macerated  in  water  it  forms  paper ;  the  leaves  are  generally  put  round  the  tea 
sent  to  Europe ;  the  thick  inspissated  ^uice  is  a  favourite  meaicine.  It  is  said 
to  be  indestructible  by  fire,  to  resist  acids,  and,  by  fusion  with  alkali,  to  form  a 
transparent  glass,  ui  Malabar,  the  bamboos  are  trained  over  iron  arches,  and 
when  they  have  assumed  the  curve  of  the  mould,  are  used,  for  roofs  to  palan- 
quins, and  sell  at  five  or  six  hundred  rupees  a  set. 

BAMBOO  HABIT.  A  Chinese  contrivance,  by  which  a  person  who  cannot 
swim,  may  easily  keep  himself  above  water.  Four  pieces  of  bamboo,  about  a 
man's  length,  placed  horizontally,  and  at  right  angles,  in  parallel  pairs,  and 
tied  firmly  at  tne  four  comers,  the  oi>ening  beinff  just  sufficient  to  admit  the 
head  and  shoulders  to  get  through,  is  then  tied  securely  to  the  body  of  the 
person  usine  it 

BANDANNAS.  A  name  given  to  a  certain  description  of  silk  handkeiw 
chiefs  manufactured  in  the  East  Indies^  the  patterns  of  which  generally  consist 
of  square  or  circular  spots,  variously  arranged  upon  a  red,  blue^  or  yellow 
eronnd.  An  imitation  of  these  handkerchi^  upon  cotton,  produced  by  first 
dying  fine  calico  of  a  brilliant  Turkey  red,  and  after  dischar^^i^  the  colour  firom 
those  parts  which,  in  the  pattern,  are  white,  by  means  of  bqmd  chlorine,  now 
forms  a  consider^de  branch  of  the  cotton  manufacture  of  this  country,  and  an 
important  article  for  exportation.  A  correct  account  of  this  process  will  be 
found  in  the  fdlowing  descrintion  of  the  ereat  bandanna  gallery,  in  the  Turkey 
red  mamsfactory  of  Messrs.  Monteith  &  Co.  of  Glasgow,  who  obtained  a  patent 
for  the  process.  Their  new  arrangement  of  their  hydrostatic  presses  in  their 
discharging  g^ery,  was  completed  in  1818,  under  the  durection  of  Mr.  O. 
Ridger,  sen.  manager  of  the  works.  It  consiBts  of  sixteen  of  these  engines^ 
bMotifblly  constructed,  placed  in  subdivisions  of  four ;  the  spaces  between  each 
set  serving  as  passages  to  admit  the  workmen  readily  to  the  back  of  the  press. 
Each  subdivision  occupies  25  feet ;  hence  the  total  length  of  the  whole  appar 
tatns  is  100  feet  To  each  press  is  attached  a  pair  of  patterns  in  lead  (or  plates 
as  they  are  called)  in  which  all  those  parts  of  the  design  which  are  to  be  white 
are  cut  away,  so  as  to  form  recesses  in  the  plates.  One  of  these  plates  is  at- 
tached to  the  upper  block  of  the  press,  which  block  turns  on  a  kind  of  universal 
joints  so  as  to  apply  exactly  to  the  under  plate.  The  latter  rest  on  the  sill  or 
monraUe  part  or  the  press ;  when  this  is  forced  up,  the  two  patterns  close  on 
each  other  widi  the  greatest  nicety,  by  guide  pins  at  the  comers  fitted  with  the 
utmost  care.  The  power  which  impels  thb  great  hydrostatic  range,  is  placed 
in  a  separate  apartment,  called  the  machinery  room.  This  machinery  consists 
of  two  cylinders  <^  a  peculiar  construction,  called  the  prime  cylinder,  having 
pistons  very  accurately  fitted  to  them.  To  each  of  these  cylinaers  three  smafi 
force-pumps,  worked  by  a  steam  engine,  are  connected.  The  piston  of  the 
larger  cylinder  is  8  inches  in  diameter,  and  is  loaded  on  the  top  with  a  weight 
of  5  tons ;  it  can  rise  through  a  space  of  2  feet  The  piston  of  the  other  cylinder 
is  only  1  inch  in  diameter,  and  is,  likewise,  loaded  with  6  tons,  and  can  also  rise 
through  a  space  of  2  feet  The  pistons  being  at  their  lowest  point,  water  is  in- 
jected by  the  force-pumps  into  the  prime  cylinders,  until  the  loaded  pistons  have 
arrived  at  their  highest  points,  in  which  state  they  are  ready  for  working  the 
hydrostatic  discharge  presses ;  the  water^pressure  being  conveyed  from  one  apart- 
ment to  the  other,  through  strong  copper  tubes  of  small  calibre  passing  beneath 
the  floor.  Two  vsJves  are  attached  to  each  press,  one  opening  a  communication 
between  Uie  laree  prime  cylinder  and  the  press  cylinder,  and  the  other 
between  the  small  prune  cylinder  and  the  j^ress.  The  function  of  the  first  is 
simply  to  lift  the  under  block  of  the  press  mto  contact  with  the  upper  block ; 
that  of  Uie  aecohd,  to  give  the  requisite  compression  to  the  doth.    A  tiiird 
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valve  is  attached  to  the  press  for  the  purpose  of  dlsehai^ing  the  water  from  its 
cvlinder,  when  the  press  is  to  he  relaxed  in  order  to  remove  or  draw  through 
the  cloth.  From  twrive  to  fourteen  pieces  of  cloth  previously  dyed  Turkey 
red,  are  stretched  over  each  other  as  parallel  as  possible,  by  a  particular 
machine.  These  parallel  layers  are  then  wound  round  a  wooden  cylinder,  or 
drum,  which  is  then  placed  at  the  back  of  the  press.  A  portion  of  the  four^ 
teen  layers  of  doth,  equal  to  the  area  of  the  plates,  is  next  drawn  through 
between  them,  by  hooks  attached  to  the  two  comers  of  the  web.  On  opening 
the  valve  connected  with  the  8-inch  prime  cylinder,  the  water  enters  the 
press  cvlinder,  and  instantly  lifts  its  lower  block,  so  as  to  apply  the  under 
plate  with  the  doth  close  to  the  upper  one.  This  valve  is  then  shut,  and  the 
other  is  opened.  The  pressure  of  5  tons  in  the  l-inch  prime  cylinder  is  now 
brought  to  bear  on  the  piston  of  the  press,  which  is  8  inches  diameter.  The 
efibctive  force  here,  therefore,  will  be  5  tons  X  8=320  tons,  to  comprew  the 
cloth  between  the  plates.  The  next  step  is  to  admit  the  bleaching  or  discharg- 
ing liquor  (aqueous  chlorine,  obtained  by  adding  sulphuric  add  to  the  solution 
of  chloride  of  lime)  to  the  cloth.  This  liquor  is  contained  in  a  laiwe  cistern  in 
an  adjoining  house,  from  which  it  is  run  at  pleasure  into  small  lead  cisterns  a^ 
tachea  to  the  presses ;  which  cisterns  have  graduated  index-tubea  for  regulating 
the  quantity  of  liquor  according  to  the  discharge  nattem.  The  stop-cocks  on 
the  pipes  and  cisterns  containing  this  liouor,  are  all  made  of  glass.  From  the 
measure  cistern  the  liquor  is  allowed  to  now  on  to  the  surface  of  the  upper  fJate, 
and  percolating  through  the  portions  of  the  doth  which  lie  under  the  open  parts 
of  the  pattern,  it  extracts  the  Turkey  red  dye.  The  liquor  is  finally  conveyed 
to  the  waste-pipe  from  a  groore  in  the  under  block.  As  soon  as  cUorine  liquor 
has  passed  tmough,  water  is  adnitted  in  a  similar  manner  to  wash  awav  the 
remains  of  it ;  otherwise,  on  relaxing  the  pressure,  the  eoilme  of  the  figure 
discharged  would  become  ragged.  Ine  passage  of  the  discharge  liquor,  as  well 
as  of  the  water,  is  occasionaOy  aided  by  a  pneusiatic  apparatus,  or  blowing 
machine,  consisting  of  a  large  gasometer,  from  which  air,  subjected  to  a  moderate 
pressure,  is  allowed  to  issue  and  act  in  the  direction  of  the  lionid  in  the  fblda.  By 
an  occasional  twist  of  the  air  stop-cock,  the  workman  can  also  ensure  the  equal 
distribution  of  the  discharging  liquor  over  the  whole  excavations  in  the  upper 
{date.  When  the  demand  for  goods  is  pressing,  the  air  apparatus  is  much  em- 
ployed, as  it  enables  the  workman  to  double  his  product  The  time  requisite 
for  completisg  the  discharging  process,  in  the  first  prees,  is  suftdent  to 
enable  the  other  three  workmen  to  put  the  remaining  nfteen  jfiresses  in  opera- 
tion. The  diaeharger  proceeds  now  firom  press  to  press,  admits  the  liquor,  the 
air,  and  the  water ;  and  is  followed,  at  a  proper  interval,  by  the  assistants,  who 
relax  the  presses,  move  forwards  another  square  of  the  doths,  and  then  restore 
the  pressure.  When  the  sixteenth  press  has  been  liquored,  it  is  time  to  open 
the  first  press.  In  this  routine,  about  ten  minutes  are  empieved ;  that  is,  224 
handkerchiefs  (16  X  14)  are  discharged  in  ten  minutes.  The  whole  doth  is 
successively  drawn  forward  to  be  treated  in  the  above  method.  When  the 
doth  escimes  firom  the  press,  it  is  passed  between  two  rollers  in  firont,  firom 
whidi  it  niUs  into  a  trough  of  water  placed  below.  It  is  finally  earned  off  to 
the  washing  and  bleaching  department,  where  the  lustre  both  of  the  white  and 
the  red  is  considerebly  heightened.  By  the  above  arrangement  of  presses, 
1600  pieces  of  12  }raras  each=l  9,200  yards  are  converted  into  bandannas  in 
the  space  of  ten  hours,  by  the  labour  of  four  workmen.  The  fdlowing  engraving 
exhibits  an  elevation  of  one  of  the  presses,  a  is  the  top  of  the  entaUature ; 
hhb  cheeks  of  ditto,  or  pillars  ;  c  upper  block  for  fiutening  the  upper  pattern 
to ;  d  lower  or  movable  block ;  e  the  cvlinder ;  /  the  sole  or  base ;  g  the  water 
trough  for  the  discharged  doth  to  fall  into ;  n  h  tubes  to  adroit  the  water;  t 
tube  for  the  air ;  j  cock  to  admit  the  liquor  firom  the  meter ;  i  detem,  or  liquor- 
meter,  having  two  glass  tubes  for  indicating  the  quantity  of  liquor  in  the  cistern; 
1 1  glass  stopHsocks  for  admitting  the  liquor  into  the  cistern ;  e  o  stop-cooks  for 
admitting  water;  pp  pattern  plates ;  qq  screws  for  setting  the  patterns  parallel 
to  each  other;  the  snufis  are  perforated  with  a  ^-inch  drill;  tiie  lower  frame  has 
pins  corresponding  with  these  peifinrations,  so  that  the  patterns  are  guided  into 
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cxMt  oorreipondenee  with  each  other;  r  r  rollers,  which  receive,  and  pull 
tfaffough,  the  diacharged  cloth,  from  which  it  falls  into  the  water  trough ;  «  stop- 
cock for  filling  the  trough  with  water ;  ttt  waste  tubes  for  water  and  liquor. 
The  patterns,  or  plates,  which  are  put  into  the  presses  to  determine  the  white 
figures  on  the  cloth,  are  made  of  lead,  in  the  following  way:  A  trellis  firame  of 


cast  iron,  one  inch  thick,  with  turned-up  edges,  forming  a  trough  rather  larger 
than  the  mtended  lead  pattern,  is  used  as  the  ground  work.  Into  this  trough  is 
put  a  lead  plate,  and  firmly  secured  by  screws  passing  from  below.  To  the 
e^s  of  this  lead  plate,  the  borders  of  the  piece  of  sheet  lead  which  covers  the 
wMe  outer  surface  of  the  firame  are  soldered :  thus  a  strong  trough  is  formed, 
about  one  inch  deep.  The  upright  border  gives  strength  to  the  lead  plate,  and 
SMTvea  to  confine  the  liquor.  A  thin  sheet  of  lead  is  now  laid  on  the  thick  plate 
of  lead,  and  is  soldered  to  it  round  the  edges.  Both  sheets  must  be  made  very 
mnooUi  beforehand,  by  hammering  them  on  a  smooth  stone  table,  and  then 
finishing  them  with  a  plane.  The  surface  of  the  thin  sheet  (now  attached)  is 
to  be  covered  with  drawing  paper  pasted  down  upon  it,  and  upon  this  the 
pattern  is  to  be  drawn.  It  is  now  ready  for  the  cutter,  who,  in  the  first  place, 
fixes  down  with  brass  pins  all  the  parts  of  the  pattern  which  are  to  be  lefl 
v\  "  proceeds  with  the  httle  tools  used  generally  by  block  cutters, 

?  1  j"®  ***®*^  ***  *^®  different  curvatures  of  the  pattern,  and  cuts  perpen- 
dicuhriy  quite  through  the  thin  sheet.  The  pieces  thus  detached  are  easily 
mUd  out,  and  thus  the  channels  are  formed  which  design  the  white  figures  on 
wered  doth.  At  the  bottom  of  the  channels  a  sufficient  number  of  small 
pemrations  art  made  through  the  thicker  sheet  of  lead,  so  that  the  discharging 
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liquor  may  have  free  ingress  and  egress.  Thus  one  plate  is  finished,  from  whieh 
an  impression  is  to  be  taken,  by  means  of  nrinters'  ink,  on  the  paper  pasted  on 
another  plate ;  the  impression  is  taken  in  the  hydrostatic  press.  Eaca  pair  of 
plates  constitutes  a  set,  which  may  be  put  into  the  presses,  and  removed  at 
pleasure. 

BARILLA.  A  substance  imported,  in  considerable  quantities,  from  Spain, 
and  extensively  used  in  soap-works,  glass-works,  and  various  other  chemical 
arts.  It  is  obtained  by  the  incineration  of  the  salsola  soda,  a  marine  plant, 
which  is  cultivated  with  great  care  in  the  neighbourhood  of  Alicant  and  Car- 
thagena ;  that  of  Alicant  is  generally  the  most  esteemed.  An  inferior  species 
of  Barilla  is  also  manufactured  in  many  parts  of  North  Britain,  from  the  salsola 
of  Linnaeus,  or  common  sea- wrack,  and  forms  such  an  important  article  of 
commerce,  that  it  is  said  Lord  Mac  Donald,  of  the  Isles,  realizes  10,000/.  a 
year  from  his  kelp  shores  alone,  which  his  ancestors  looked  upon  as  of  no  value 
whatever.  The  following  account  of  the  manufacture  **  on  the  farm  of  Strondf 
tfi  Harris"  possessed  in  tack  by  Mrs.  Anne  Campbell,  is  taken  from  the  Trans- 
actions of  the  Highland  Society  of  Scotland.  "  1.  The  ware  is  cut  off  the  rocks 
with  a  common  hook,  similar  to  those  used  for  reaping,  but  stronger,  and  having  a 
rougher  edge.  It  is  then  landed  on  a  clean  spreading  ground,  and  if  any  sand 
or  mud  adhere  to  the  weed,  it  is  carefully  washed  before  landing.  The  ware, 
or  weed,  is  then  spread  out  every  drv  day,  and  made  into  small  cocks  at  night ; 
and  when  it  is  found  to  be  pretty  dry,  it  is  made  into  larger  cocks,  and  left  to 
heat  for  six  or  eight  days;  after  which,  a  dry  day,  with  a  good  breeze  of  wind,  is 
selected  for  burning  it;  which  operation  is  performed  in  kilns,  constructed  rouf  hly 
of  middle-sized  stones,  the  outside  being  covered  with  turf;  the  length  of  each  kiln 
is  from  15  to  18  feet;  breadth,  2|  feet;  and  height,  2  feet  The  process  of 
burning  is  as  follows : — A  small  bundle  of  straw,  or  heather,  is  set  on  fire ;  the 
driest  part  of  the  ware  is  placed  over  this,  and  gradually  added  until  the  flames 
become  general  through  the  kiln ;  then  the  ware  to  be  burnt  is  thrown  in,  little 
by  little,  till  the  whole  is  reduced  to  ashes.  If,  however,  it  happens  that  the 
day  is  too  calm,  or  that  the  ware  is  not  sufiiciently  dry,  so  that  the  ashes  cool 
and  cake  into  white  crusts,  the  manufacturer  stops  burning  any  more  until  he 
rakes  all  the  ashes  out  of  the  kiln ;  he  then  commences  burning  again,  and  goes 
on  in  this  way  until  the  whole  is  thoroughly  burnt.  The  last  process  is  the 
raking  or  working  of  the  ashes  with  an  iron  with  a  wooden  handle,  made  for 
the  purpose,  until  the  whole  is  brought  into  a  vitrified  state ;  the  mass  is  after^ 
waras  broken  into  pieces  of  about  2  cwt,  in  which  state  it  is  ready  for  shipment 

BARIUM.  A  metal  discovered  by  Sir  H.  Davy,  in  the  earth  baiytes,  in 
which  it  is  combined  with  oxygen,  thus  constituting  a  metallic  oxide.  The  fol- 
lowing is  the  mode  of  obtaining  it :  take  pure  barytes,  make  it  into  a  paste  with 
water,  and  place  it  on  a  plate  of  platina.  Form  a  cavity  in  the  middle  of  the 
barytes,  and  in  it  drop  a  globule  of  mercury.  Touch  the  globule  with  the  nega- 
tive wire,  and  the  platina  with  the  positive  wire,  of  a  voltaic  battery  of  about 
100  pairs  of  plates  m  good  action.  In  a  short  time,  an  amalgam  will  be  formed 
consisting  of  mercurv  and  barium.  This  amalgam  must  be  introduced  into  a 
bent  glass  tube,  filled  with  the  vapour  of  naphtha,  and  the  end  must  then  be 
hermetically  sealed ;  heat  being  applied  to  the  received  end  in  which  the  amalgam 
lies,  the  mercury  will  distil  over,  leaving  the  barium,  which  is  of  a  dark  grey 
colour,  and  of  a  lustre  inferior  to  cast  iron.  Dr.  Clarke  asserts,  that  he  obtamed 
metal  by  esroosing  pure  barytes  to  the  flame  of  the  oxy-hydrogen  blow-pipe, 
but  no  one  has  since  succeeded  in  the  experiment,  and  it  is  generally  believed 
that  the  Doctor  was  mistaken,  and  that  the  globules  which  he  formed,  owed 
their  lustre  and  polish  to  the  fusion  the  earth  had  undergone. 

BARK.  In  Botany,  the  outer  skin  or  covering  of  trees,  the  ingredients  com- 
posing which  vary  much  in  the  different  species,  which  are,  accordingly,  appli- 
cable to  various  purposes  of  the  arts.  Some  are  highly  medicinal,  as  Jesuit's 
bark ;  some  are  used  for  tanning  leather,  as  the  bark  of  the  oak  and  Spanish 
chesuut,  &c. ;  some  in  dyeine,  as  the  bark  of  alder  and  walnut  trees ;  some 
afford  spices,  as  cinnamon,  and  cassia  lignea ;  and  others  are  applicable  to  divers 
uses,  as  the  bark  of  the  cork  tree.    The  Japanese  make  paper  of  the  bark  of  a 
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■nulbeny  tr^ e ;  and  in  Ol^eite,  a  ipeciei  of  clolh  ii  msde  ftom  the  bark  of  the 
paper  mulberry  tree,  of  the  bread-fruit  tree,  and  of  the  cocoa-nut  tree. 

BARKER'S  MILL.  A  limple  and  ingenioua  hydrost&tic  machine,  invented 
mM-e  than  a  century  ago,  by  Dr.  Barker,  and  forming  one  of  the  most  gimpie 
water  mills  ever  conitructed.  It  has  been  rarely  introduced  in  practice,  although 
it  baa  been  warmly  eulogized  and  recommended  by  moit  vriten  on  the  lubject  of 
hjrdraulica.  In  the  annexed  engraving,  which  it  a  penpectire  view  of  the  machine. 


e  axil  is  alao  lixed  the  large  vertical  tube  g,  the  upper  part  of 
expanded  into  the  ahape  of  a  funnel  or  baiin,  for  receiving  the  water 


which  ii     , 

it  the  lower  part  g,  thii  tube  hai  an  open  ci 
L  with  the  hollow  horizontal  arms  h  k,  each  of  which  has  an 
openinE  near  ita  extremity  on  one  side,  and  lo  adjusted  by  stop-cocks  for 
regulating  the  discbarge,  thai  the  vertical  tube  shall  always  be  kept  fiill  of 
water,  in  order  that  the  utmost  force  may  be  obtained,  as  a  lateral  pressure  will 
be  exerted  in  all  directions  in  the  horizontal  arms,  proportionate  to  the  altitude 
of  the  column.  Now  this  pressure  being  removed  IVom  the  space  forming  the 
area  of  the  aperture  of  the  arms,  by  the  water  being  allowed  to  issue  through 
it,  there  will  be  an  excess  of  pressure  on  the  opposite  side  of  the  arm,  in  which 
there  is  no  pressure  equal  to  the  force  with  which  the  water  would  spout  fVom 
the  aperture,  were  the  machine  fixed,  and  the  water  permitted  to  pass  through 
it     in  the  precedmg  form  of  Barker's  mill,  the  length  of  the  axis  must  always 
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exceed  in  height  the  elevation  of  the  pipe  %  which  in  tome  cases  might  render 
the  execution  of  inch  a  machine  difficult  To  remove  this  difficulty,  it  was 
proposed  hy  M.  Mathon  de  la  Cour,  in  Rosier  s  Journal  de  Phynque,  for  August, 
]  775,  to  introduce  the  water  from  the  miU  course  into  the  horizontal  arms  h  A, 
which  are  fixed  to  an  upright  spindle  ^  as  represented  in  the  annexed  diagram, 
and  witliout  any  revolving  vertical  tube,  as  in  the  previously  described  arrange- 


ment The  water  wiU  now  obviously  issue  from  the  apertures  at  the  extremities 
of  A  A  in  the  same  manner  as  if  it  had  been  introduced  at  the  top  of  the  tube, 
in  the  former  figure ;  hence  the  spindle  ma^  be  made  as  short  as  we  please. 
The  practical  difficulty,  in  this  arrangement,  is  to  give  to  the  arms  A  A  a  motion 
round  the  mouth  of  the  feeding  pipe,  which  enters  the  arms  without  any  great 
friction,  or  any  considerable  loss  of  water.  In  this  form  of  the  mill,  o  is  the 
reservoir ;  p  the  mill  stones ;  /  the  vertical  axis  \  qr  t  the  feeding  pipe,  the 
mouth  of  which  enters  the  horizontal  arm  at  t.  In  a  machine  of  this  kind, 
constructed  at  Bourg  Argental,  the  tubular  arms  A  A  were  each  46  inches  long, 
and  their  inside  diameter  3  inches ;  each  of  the  orifices  1  \  inch  diameter,  and 
the  height  of  the  head  of  water  above  the  points  ot  dischaige  was  21  feet 
Thoup^h  the  fall  was  so  great,  the  consumption  of  water  was  small,  since  it  was 
supplied  by  a  2-inch  pipe ;  and  when  the  machine  was  not  loaded,  and  had  but 
one  orifice  open,  it  made  115  turns  in  a  minute.  Thus  a  prodigious  centrifugal 
force  is  proauccd  in  the  arms,  and  a  corresponding  velocity  far  exceeding  that 
of  a  simple  fall  of  water  with  a  pressure  of  21  feet  head.  The  machine,  when 
empty,  weighed  80  lbs.,  and  it  was  half  supported  by  the  upward  pressure  of 
the  water.  It  is  to  be  regretted  that  no  extensive  and  accurately  conducted 
experiments  have  been  instituted  to  determine  the  comparative  powers  of  this 
machine,  and  that  ereat  difierence  exists  in  the  opinions  both  of  theoretical 
writers  and  practical  engineers  upon  the  subject  L.  Euler,  J.  Bernoulli,  and 
A.  Euler,  consider  it  to  be  the  most  powerful  of  all  hydraulic  machines.  Whilst 
the  Abb^  Bossut  reckons  the  overshot-wheel  as  upon  the  whole  superior  to  it, 
Mr.  P.  Ewart  says,  that  "  the  effect  of  this  mill  is  much  superior  to  that  of  an 
undershot  water  wheel,  consuming  the  same  quantity  of  water,  but  inferior  to 
that  of  an  over-shot  wheel,  in  which  the  water  is  applied  to  the  best  advantage; 
but  Mr.  Waring  makes  the  effect  to  be  equal  only  to  that  of  a  good  under-shot 
wheel,  wlien  dnven  by  an  equal  quantity  of  wa£br  frdling  from  the  same  height 

BARK  STOVE  is  a  kind  of  hot-house,  containing  a  bed  of  tanners'  spent  bark, 
mixed,  according  to  circumstances,  with  a  proportion  of  earth  and  other  matters ; 
in  which  are  placed  the  plants,  in  pots  or  otherwise.  The  bed  is  usually  gently 
heated  horn  a  flue  underneath,  which  together  with  its  disposition  to  ferment  of 
itself  (when  kept  moist),  forms  a  powerful  stimulant  to  accelerate  and  perfect 
the  growth  of  exotic  plants. 

BARLEY.    A  well  known  kind  of  grain,  chiefly  used  in  diis  counti^'  in  the 
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preparation  of  malt,  for  which  see  Malting.  The  meal  is  also  used  in  bread 
and  soups.  Whiskey,  gin,  and  other  spirits,  are  distilled  from  it  The  barley- 
wagai  of  the  shops  is  merely  sugar  boiled  in  barley-water  to  a  consistency  that 
wm  cause  it  to  solidify  in  the  cold  state ;  it  is  poured  upon  a  stone  slab,  anointed 
with  oil  of  sweet  almonds,  rolled  out  into  little  cylinders,  and  twisted. 

BARM,  or  Yeast,  is  a  substance  which  separates  under  the  form  of  a  froth, 
more  or  less  yiscid,  from  all  the  juices  ana  infusions  which  experience  the 
▼inous  fermentation.  It  is  commonly  procured  from  the  beer  manufactories, 
and  is  hence  called  the  barm  of  beer.  If  left  to  itself  for  some  days,  in  a  close 
vessel,  at  a  temperature  of  from  55o  to  70*,  it  is  decomposed,  and  undergoes 
the  putrid  fermentation.  To  prevent  this  decomposition,  it  is  the  custom,  in 
Pans,  to  evaporate  it  to  a  solid  form,  in  which  state  it  is  sold  under  die  name 
of  leintref  which  article,  however,  comprises  not  only  yeast,  but  the  bottoms 
of  the  beer  in  the  working-tun  and  store-casks.  This  is  purchased  by  the  yeast 
merchants,  the  beer  drained  from  it  through  sacks,  and  the  remainder  of  the 
beer  washed  out  by  puttiD|^  the  sacks  in  a  stream  of  water;  the  solid  matter 
left  in  the  sacks  is  then  dried  in  the  open  air.  The  true  yeast,  or  froth  of  tiie 
beer,  is  also  dried  for  use  in  the  same  manner,  as  the  bakers  in  Paris  prefer  it  in 
a  solid  state.  Dry  levure  ought  to  be  yellow,  brownish,  or  greyish  wnite,  by  no 
means  black  or  bitter.  It  should  not  yield  to  pressure  by  the  fingers,  and  be 
eqiially  dry  throughout,  so  as  to  break  with  a  smooth  surface.  When  dissolved 
in  hot  water,  and  a  few  drops  of  the  solution  are  poured  into  boiling  water, 
they  should  immediately  rise  to  the  surface.     See  Beer,  and  BaiAD. 

BAROMETER.  Aji  instrument  bv  which  the  pressure  or  elasticity  of  the 
air  is  ascertained.  It  consists  essentiaUy  of  a  glass  tube,  not  less  than  34  inches 
in  length,  closed  at  one  end.  The  tube  is  completely  filled  with  mercury,  and 
then  inverted  in  a  cup  or  box  of  the  same  metal.  By  inverting  the  tube,  a 
portion  of  the  mercury  will  fall  out,  but  a  column  varying  in  height  from  28  to 
31  inches  above  the  surface  of  the  metal  will  still  remain,  and  which,  being 
supported  by  the  pressure  of  the  air,  will  be  an  indication  of  its  amount  at  the 
time.  The  barometer  has  assumed  a  variety  of  forms,  the  construction  of  the 
most  important  of  which  we  shall  endeavour  to  explain  ;  but  we  deem  it  neces- 
sary, previously,  to  enter  a  little  more  minutely  into  the  nature  and  operation  of 
that  form  of  the  instrument  to  which  we  have  just  referred.  The  common  baro- 
meter was  the  discovery  (for  it  can  scarcelv  be  called  an  invention)  of  Torricelli, 
a  disciple  of  the  celebrated  Galileo.  It  is,  from  this  circumstance,  frequently 
called  the  Torricellian  tube ;  and  the  vacuous  space  above  the  surface  of  the 
mercury  in  the  tube,  is  called  the  Torricellian  vacuum.  In  the  construction  of 
the  barometer,  the  principal  object  to  be  attained  is  a  perfect  vacuum  in  the 
upper  part  of  the  tube.  To  effect  this,  we  must  first  make  the  tube  perfectly 
free  from  moisture  by  exposing  it  gradually  to  the  heat  of  a  charcoal  fire.  The 
tube  must  have  a  bore  sumciently  large  to  render  the  effect  of  capillary  attraction 
insensible.  The  mercury  employed  to  fill  the  tube  must  be  rendered  as  pure 
as  possible,  by  pressing  it  through  the  pores  of  chamois  leather,  and  afterwards 
distiUing  iL  A  small  portion  of  the  purified  mercury  may  now  be  put  into  the 
tube,  and  heat  gradually  applied  to  it,  till  the  mercury  boils.  Another  portion 
may  then  be  added,  and  boiled  in  a  similar  manner ;  and  this  process  continued 
till  the  tube  is  completely  filled.  By  these  means,  the  mercury  itself  will  be 
pureed  of  any  air  it  may  have  acquired,  and  the  air  which  adheres  to  the  sides 
of  ue  tube  will  also  be  effectually  expelled*  If  the  tube  be  now  inverted  into 
a  cup  or  other  vessel  of  mercury,  the  barometer,  as  far  as  its  construction  is 
concerned,  will  be  complete.  In  the  annexed  cut,  a  c  represents  the  barometric 
tube  inverted  in  its  cup.  The  mercury  has  subsided  to  the  point  /;  and  the 
next  object  is,  to  ascertain  the  precise  length  of  the  column  fhmi  c  to  /.  For 
this  purpose,  a  scale  a  6  is  attached  to  the  barometer  near  the  top.  In  the 
ordinary  use  of  this  instrument  as  a  weather-glass,  the  rise  and  fall  of  the  mercury 
seldom  exceeds  a  range  of  3  inches,  the  height  of  the  column  varying  with 
the  atmospheric  pressure  from  28  to  31  inches.  If,  therefore,  a  scale  of  about 
4  inches  long,  carefuUy  graduated  to  tenths  of  an  inch,  be  attached  at  the  height 
that  accords  with  the  number  of  inches  we  have  mentioned,  it  will  be  sufficient  to 
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determine  the  ordinary  changes  of  atmoipheric  pressure.  There  is,  Fig.  1. 
however,  one  circumstance  to  which  it  is  necessary  to  attend,  in 
measuring  the  height  of  the  mercurial  column.  It  will  be  seen, 
that  as  the  column /e  falls,  it  will  necessarily  raise  the  level  of  the 
fluid  in  the  cistern ;  and  contrariwise,  when  the  column  rises,  it  will 
depress  the  level  of  the  cistern.  On  this  account,  the  initial  point  of 
the  scale  is  perpetually  changing  its  position,  and,  consequently,  the 
numbers  on  the  scale  cannot  mdicate  the  true  distance  between  the 
surface  of  the  mercury  in  the  cistern  and  that  of  thd  supported  column. 
To  obriate  this  inconvenience,  the  horizontal  sectional  area  of  the 
cup  is  made  considerably  ^eater  than  a  like  section  of  the  tube, 
by  means  of  which  a  considerable  fall  in  the  tube  produces  but  an 
inconsiderable  alteration  in  the  level  of  the  fluid  in  the  cup.  For 
example,  if  the  diameter  of  the  tube  be  i  of  an  inch,  and  that  of  the 
cup  be  2  inches,  the  respective  areas  will  be  as  ,•)  to  4,  or  as  1  to 
64 ;  hence  a  fall  of  I  inch  in  the  tube  will  cause  a  rise  of  A  of  an 
inch  in  Uie  cup.  In  ordinary  observations,  this  degree  of  accu- 
racy would  be  sufficient ;  but  in  the  nicer  operations  of  science,  a 
greater  degree  of  precision  is  essential ;  hence  different  contri- 
vances have  been  employed  for  the  purpose  of  ascertaining  more 
exactly  the  difference  of  levels.  The  most  general  mode  of 
effecting  this  object  is  to  make  the  bottom  of  the  cistern  movable, 
so  as  to  be  raised  or  depressed  by  means  of  a  screw  e.  An  ivory 
index  d  may  be  attached  to  the  top  of  the  cup,  and  which  beine 
finely  pointed  at  the  lower  end,  will  serve  to  indicate  a  fixed  leveL 
Before  an  observation  is  made  with  the  barometer,  the  screw  e  is 
turned  until  the  surface  is  brought  exactly  to  coincide  with  the  point  of  the  index,  by 
raising  or  depressing  the  bottom  accordmg  as  the  surface  was  below  or  above  that 
point  By  this  means,  the  surface  of  the  mercury  always  stands  at  the  same  level, 
and  hence  the  divisions  on  the  scale  a  b  will  represent  the  actual  changes  in  the 
height  of  the  barometric  column.  Having  attamed  a  method  of  fixing  the  initial 
point  of  the  scale,  the  next  obiect  to  be  attained  is  a  means  of  reading  off  its  indica- 
tions with  the  utmost  precision.  In  our  description,  we  have  supposed  the  scale 
divided  into  tenths  of  an  inch,  but  this  is  not  sufficiently  accurate  for  experimental 
researcli.  It  would  therefore  be  necessary  to  divide  each  of  these  tenths  into  hun- 
dredths of  an  inch,  and  adapt  a  small  microscope  to  the  instrument,  in  order  to 
obtain  the  precise  height  of  the  column.  The  usual  mode,  however,  of  obtaining 
these  smaller  subdivisions  of  the  scale,  is  by  means  of  a  vernier,  or  small  gi'a- 
duated  plate,  which  is  movable  by  a  screw,  or  otherwise,  on  ^^.^  2. 
the  divided  scale  of  the  barometer.  The  principle  of  the  ver- 
nier will  be  seen  by  reference  to  the  accompanying  engraving. 
Let  ab  represent  a  portion  of  the  scale  divided  into  tenths  of 
an  inch  ;\etcd  be  the  sliding  scale,  or  vernier,  equal  in 
length  to  11  divisions  on  the  principal  scale,  but  divided 
into  only  10  equal  parts.  From  this  arrangement,  it  will  be 
seen  that  every  division  on  the  vernier  will  be  the  tenth  part 
of  11  tenths  of  an  inch,  or  every  division  is  equal  to  11 
hundredths  of  an  inch,  and,  consequently,  every  division  on 
the  vernier  exceeds,  by  one  hunoredth  of  an  inch,  every 
division  on  the  principal  scale.  Suppose  the  vernier  placed, 
as  in  the  diagram,  so  that  its  upper  edge  d  may  be  exactly 
even  with  the  surface  e  of  the  mercury  in  the  tube.  If  we 
examine  the  principal  scale,  we  shall  perceive  that  the  mer- 
cury stands  somewhat  higher  than  29  inches  and  4  tenths. 
If  we  now  look  at  the  vernier,  we  shall  find  that  the  divi- 
sion 4,  on  its  surface,  coincides  with  a  particular  division  on 
the  scale.  Now,  as  we  have  seen  that  each  division  on  the 
vernier  is  one  hundredth  of  an  inch  greater  than  one  division 
on  the  scale,  it  follows  that  the  space  from  29  up  to  the  level 
of  the  mercury,  is  4  tenths  and  4  hundredths  of  an  inch, 
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and,  consequently,  the  trae  altitude  of  the  column 
if  29  inches,  44  hundredths.  In  using  the  vernier, 
considerable  precision  must  be  employed  in  making 
its  upper  edee  a  tangent  to  the  curvea  surface  of  the 
mercury  in  the  tube,  and,  conseauentiy,  its  accuracy 
win  stifi  depend  upon  the  skilful  manipulation  of 
the  observer.  To  obviate  this,  and  render  the  baro- 
meter self-reeulating,  Mr.  Christie,  Secretary  to 
the  London  Mechanics'  Institution,  has  invented 
and  constructed  a  barometer,  in  which,  by  means 
of  a  float,  the  vernier  is  set  at  its  proper  height 
hy  the  rising  or  falling  of  the  mercuxy  itself. 
llie  annexed  sketch  will  show  in  what  the 
improvement  consists.  Here  ah  c  represents  a 
glass  barometer  tube  about  35  inches  long,  exclu- 
sive of  the  nart  b  e.  It  is  not  less  than  a  quarter 
of  an  inch  olameter  inside,  and  enlarged  at  the 
top  a  to  about  two  inches.  On  the  sunace  of  the 
mercury,  shown  by  the  shading,  rests  a  small  glass 
ball,  or  float  d,  supportino;  a  slender  steel  wire,  d  e 
with  its  attached  vernier  f.  This  wire  passes  loosely 
through  a  guide  hole  in  the  projection  g  to  keep  it 
dose  to  the  scale  of  inches  h  t.  In  other  respects, 
the  scale  and  vernier  are  similar  to  those  of  the 
common  barometer.  The  upper  part  of  the  en- 
laiged  tube  being  vacuous,  tne  mercury  is  pre- 
vented from  descending  by  the  pressure  of  the 
atmoapheie  on  the  surface  at  d;  and  as  the  pres- 
sure increases,  it  will  force  down  the  mercury  in 
the  part  e  6  of  the  tube,  and,  conseauentiy,  cause 
h  to  rise  in  the  leg  a  b.  As  the  surnice  at  d  falls, 
ibie  float  carrying  the  vernier  falls  with  it,  and  thus 
the  edge  of  the  vernier  being  always  kept  at  a 
given  distance  from  the  surface  of  the  mercury, 
will  indicate  the  precise  amount  of  any  changes 
that  may  occur  in  atmospheric  pressure. 

In  order  to  increase  the  extent  of  the  baro- 
metric chanees,  a  contrivance  is  sometimes  adopted, 
eaQed  the  diagonal  barometer,  which  is  represented 
in  Fig,  4.  6  e  i  is  the  glass  tube  bent  at  e,  the 
altitade  of  which  is  less  Uian  28  inches ;  hence  c  b 
includes  the  whole  barometric  range  in  the  present 
form,  while  a  e  is  the  range  it  would  have  were 
the  whole  of  the  tube  vertical.  Now  it  is  mani- 
fest, that  by  decreasing  the  angle  at  c,  so  as  to 
bring  b  c  nearer  the  horizontal  position,  we  can 
make  its  proportionate  length  to  a  e  as  great  as  we 
please.  Suppose  6  c  so  inclined  that  its  length 
shall  be  three  times  greater  than  a  c,  then  every 
rise  or  fall  of  1  inch  in  a  e  would  be  equivalent 
to  a  rise  or  (all  of  3  inches  in  h  c.  The  difficulty, 
however,  of  observing  the  precise  height  of  the 
mercury  in  this  arrangement,  more  than  counter- 
balances the  advantage  resulting  from  the  extended 
range,  and  this  form  is,  therefore,  seldom  adopted. 

The  wheel  barometer  is  another  contrivance  for 
enlarging  the  scale,  and  rendering  minute  changes 
more  easily  observed.  This,  which  is  the  common 
domestic  Mrometer,  is  renresented  in  Fig,  5,  in  which 
if  ft  ia  the  longer  leg,  a  6  the  shorter,  m  which  the 
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changea  of  nltitudc  occur :  for  u  the  diameter  of  the 
bulb  d  at  the  Cop  is  very  large,  compared  with  tlie 
diaraeter  of  the  tube  at  c,  a  small  fall  in  d  nill  be 
equivalent  to  a  conaiderahle  liie  in  the  tubes  b.  Thus 
the  surface  at  c  maj  rise  3  inches,  and  thereby 
iborten  to  that  unount  the  distance  between  the  two 
surfaces  of  the  column,  which  is  the  true  height  sus- 
tained by  atmospheric  pressure,  without  sensibly  af- 
fecting the  level  at  ^     At  c  there  is  an  iron  ball, 
floating  on  the  surface  of  the  mercury,  arid  partly 
supported  bv  meunB  of  a  thread  passing  over  '' 
piuleyp,  and  carrying  a  small  counterpoise  at  w. 
the  axis  of  the  pulley,  an  index  i  is  fastened,  which   , 
moving  with  it,  branches  the  circumference  of  the 
circular  plate,  on  which  a  scale  is  drawn,  to  repre-  1 
lent  the  rise  or  fall  in  inches ;  and  also  the  terms  ^ 
fair,  ckaage,  rain,  ^c,  which  certain  altitudes  have 
been  improperly  considered  to  indicate.      In  this 
arrangement,  it  is  msnife«t  that  as  the  column  is 
supported  by  the  air's  pressure  on  the  surface  c, 
any  diminution  of  that  pressure  will  cauae  the  mer~ 
cury  in  the  longer  leg  to  fall,  and  that  In  the  shorter 
to  rise.     On  vae  other  hand,  if  the  atmospheric 

Iiressure  increases,  the  mercury  will  rise  in  the 
onger,  and  fall  in  the  shorter,  leg ;  but,  as  before 
obaerved,  the  change  of  level  will  be  scarcely  per- 
ceptible in  the  former,  on  account  of  the  enlarged  diameter  of  the  upper  part 
The  changes,  then,  that  occur  in  the  shorter  leg,  may,  without  matmal  error, 
be  considered  the  representatiTes  of  the  changes  that  are  continually  occurring 
in  the  atmosphere-  Now  it  will  be  evident,  on  inspection,  that  as  the  ball  c  » 
partly  supported  by  the  mercury,  it  will  partake  of  its  motion.  If  the  pressure 
of  the  air  mcrease,  the  surface  at  c  will  ha  depressed,  and  as  the  iron  ball  must 
■bk  with  it,  the  thread  to  which  it  is  attached  will,  at  die  si 
its  motion  to  the  pulley  p,  and  through  it,  to  the  index,  which  will,  C(  .  ,  ,, 
move  from  the  right  towards  the  left  of  the  graduated  circle.  On  the  other 
hand,  if  the  atmospheric  pressure  decrease,  the  surface  at  c  will  rise,  and,  with 
the  assistance  of  the  counterpoise  urforce  up  the  iron  hall,  and,  by  this  means, 
turn  the  puUay  and  index  in  an  oppoaite  direction.  There  are  two  (ourcas  of 
error  in  this  instrument,  that  render  it  inferior  to  the  simple  vertical  barometer- 
Tbese  are,  the  pressure  of  the  iron  ball  on  the  surface  of  the  mercury,  which 
necessarily  increases  the  height  of  the  shorter  column,  and  the  fiiction  of  the 
pulley.  It  is  impossible  entirely  to  annihilate  these  causes  of  er 
atiilosopbtcol  purposes,  (he  straight  barometer  is  preferred. 


Uey.    It  is  impossible  i 
ibr  ptiilosopbtcal  purpose; 
The  Syphon  Barometer  is  an  instrument  used 


r,  and  hence. 
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a  ascertain  the  pressure  of  air  in  the  partially 
exhausted  receiver  of  an  air-pump.  Il  cotuiaU 
of  a  tube  bent  aa  in  the  accompanying  engrav' 
ing,  fig.  G.  Each  leg  mav  be  about  4  inches  in 
length,  and  one  a  b  completely  filled  with  puri- 
fied mercury.  When  the  instrument  is  cod- 
nected  with  the  air-pump  by  moans  of  the  screw 
at  d,  and  the  air  partly  exhausted,  the  mercuiy 
ia  die  le^  a  b  nill  liegin  to  fall,  and,  conaa- 
quentty,  nse  in  the  branch  e  b;  erery  incli, 
dierefore,  that  it  falls  in  a  b,  must  be  reckoned 
equal  lo  two  inches  in  the  straight  barometer. 
"Oiis  instrument  does  not  b^in  to  act  till  the 
air  is  reduced  to  about  ^  of  its  original  densi^; 
but  this  is  no  inconvenience,  a*  its  indications  are  seldom  required  till  the 
exhaustion  is  nearly  complete.  If  the  leg  a  i  be  lengthened,  and  left  open  at  tlia 
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top,  as  in  Fig.  7,  this  barometer  becomes  a  usefiil  appendage  to  the  steam 
engine,  in  ascertaining  the  pressure  of  steam  within  the  boiler.  When  it  is 
attached  to  the  boiler  by  the  screw  d^  and  the  air  or  steam  in  the  boiler  has 
the  same  eUsticity  as  the  external  air,  the  mercury  stands  at  the  same  height  in 
both  legs ;  but  as  soon  as  the  steam  increases  in  elasticity,  the  mercury  will  be 
depressed  in  the  leg  c  b,  and  rise  in  a  b,  and  the  difference  between  the  two 
levels  will  be  proportional  to  the  difference  between  the  external  and  internal 

{pressure.     If  the  common  barometer  stands  at  30  inches,  and  the  difference  of 
evel  between  the  two  surfaces  is  6  inches,  the  elasticity  of  the  steam  will  be 
^  or  ^  greater  than  the  pressure  or  elasticity  of  the  atmosphere. 

There  are  other  forms  of  the  barometer,  but  their  comparative  unimportance 
renders  it  unnecessary  to  describe  them  here.  We  shall,  therefore,  proceed  to 
consider  the  most  important  purposes  to  which  this  instrument  is  applied. 

The  most  immediate  use  of  the  barometer,  for  scientific  purposes,  is  the  ascer- 
tainment of  the  amount  and  variation  of  atmospheric  pressure.  The  fluctuations 
in  the  pressure  being  observed  in  connexion  with  changes  in  the  state  of  the 
weather,  a  general  correspondence  is  supposed  to  prevail  between  these  effects. 
The  instrument  has,  from  this  circumstance,  been  called  a  weather  gUusl  Rules 
have  been  attempted  to  be  established,  by  which  the  approaching  state  of  the 
weather  may  be  predicted  from  the  height  of  the  mercury,  and  the  words  rain, 
fair,  changeablef  ac.  are  engraved  on  the  scales  of  common  barometers.  These 
marks  are,  however,  entitled  to  no  attention,  since  it  is  the  changes  that  occur 
in  the  height,  and  not  the  absolute  height,  that  indicates  approaching  changes 
in  the  weather.  The  variation  in  the  altitude  of  the  barometer  in  a  given  place, 
together  with  the  corresponding  changes  of  the  weather,  have  been  regularly 
recorded  for  a  considerable  time ;  and  it  is  by  an  exact  comparison  of  these 
results  that  general  rules  are  to  be  found.  At  present,  the  best  rules  are  liable 
to  some  uncertainty  at  times.  Those  which  have  been  considered  least  liable  to 
error  are  the  following:  1.  Generally,  the  rising  of  the  mercury  indicates  fair 
weather ;  its  fall  shows  the  approach  of  foul  weather.  2.  In  sultry  weather  the 
fall  of  the  mercury  indicates  coming  thunder.  In  winter,  a  rise  indicates  frost 
In  frost,  its  fall  indicates  thaw,  and  its  rise  indicates  snow.  3.  Whatever  change 
of  weather  suddenly  follows  a  change  in  the  barometer,  may  be  expected  to  last 
but  a  short  time.  Thus,  if  fair  weather  follow  immediately  the  j^e  of  the  mer- 
cury, there  will  be  very  little  of  it ;  and  in  the  same  way,  if  foul  weather  follow 
the  fall  of  the  mercury,  it  will  last  but  a  short  time.  4.  If  fair  weather  conr 
tinue  for  several  days,  during  which  the  mercury  continually  falls,  a  long  suc- 
cession of  foul  weatner  will  probably  ensue ;  and  again,  if  foul  weather  continue 
for  several  days,  while  the  mercury  continually  rises,  a  long  succession  of  fair 
weather  will  probably  succeed.  5.  A  fluctuatingand  unsettled  state  in  the  mer- 
curial column  indicates  changeable  weather.  The  other  important  purpose  to 
which  the  barometer  is  applied,  is  the  measurement  of  altitudes.  If  the  atmo- 
sphere were  a  liquid  of  nearly  equal  density,  like  water,  the  measurement  of 
heights  by  the  barometer  would  be  the  simplest  process  imaginable :  for  we 
should  have  then  only  to  make  one  experiment  to  ascertain  how  much  the  mer- 
cury would  fall,  in  rising  to  the  height  of  lOO-feet  for  example,  and  then  the  fall 
for  200  or  300  feet  womd,  of  course,  be  double  or  triple  the  former  one.  But 
the  density  of  air  b  well  known  to  decrease  as  we  ascend  from  the  earth,  so 
that  at  the  height  of  3|  miles,  it  is  only  one  half  its  density  on  the  surface  of 
the  earth.  From  this  it  must  be  evident  that  if  the  mercury  fall  one-tenth  of  an 
inch  in  rising  through  the  height  of  100  feet,  we  must  rise  through  a  greater 
height  to  cause  a  fall  of  another  tenth.    The  height  of  the  surface  of  the  atmo- 

2 there  above  that  of  the  earth  is  considered  to  be  about  50  miles ;  and  we  have 
ready  observed,  that  at  the  height  of  3|  miles  the  density  is  reduced  to  one- 
half.  Hence  we  should  find,  by  ascending  to  the  height  of  3|  miles  in  the 
atmosphere,  the  mercury  would  stand  at  one-half  Uie  height  of  another 
barometer  at  the  surface  of  the  earth.  If,  however,  the  decrease  of  density 
were  affected  by  the  height  alone,  the  determination  of  altitudes  would  be  com- 
paratively easy,  as  a  simple  formula  may  be  given,  which  would  immediately 
•bow  the  reUtion  between  the  height  and  density.    The  circumstance  that 
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interferei  with  barometric  obtervatioiis,  is  temperature,  which  afiecti  them  in 
two  ways.  1.  Increase  of  temperature  ezpanda  the  mercury  in  the  barometer, 
and  thereby  causes  the  column  to  be  longer  than  at  lower  temperatures.  2. 
The  air  itself  becomes  expanded  by  heat;  and  hence  the  column  becomes 
lengthened  without  any  increase  in  its  absolute  weight  It  might  be  thought 
that  these  effects  were  too  trivial  to  influence  sensibfy  die  results  of  our  obser- 
vations ;  but  it  must  be  remembered,  that  as  we  ascend  fiom  the  earth,  the 
temperature  of  the  air  rapidly  decreases,  so  that  at  a  certain  height,  dependent 
on  the  latitude  of  the  place,  a  freezing  temperature  constantly  prevails. 
Putting  aside  the  effect  of  change  of  temperature,  the  simplest  rule  for  deter> 
mining  heights  is  as  follows  :---0b8erve  the  height  of  tne  mercury  at  the 
bottom  and  top  of  the  altitude  to  be  ascertained ;  take  the  logarithms  of  these 
heights,  and  multiply  their  difference  by  10,000,  the  product  is  ihe  answer  in 
fiithoms.  Then  suppose  the  mercury  at  the  foot  of  a  mountain  to  stand  at  29.5 
inches,  and  at  its  summit  26.4  inches,  the  calculation  would  be  as  follows  :«> 

Lower  barometer.  .  .  29.5    log.  .469822 

Upper  ditto 26.4    log.  .421604 

Difference  .048218 

10000 

482,180,000  Fathoms, 
or,  2893  feet, 
which  is  the  altitude,  supposing  the  temperature  to  be  at  31^  Fahr.  If  the 
temperature  differ  from  tins,  it  must  be  observed  at  the  upper  and  lower  station, 
and  a  mean  of  the  two  taken,  by  adding  them  together,  and  dividing  the  sum 
by  2.  If  the  mean  thus  obtained  exceed  31*,  the  utitude  before  obtamed  must 
be  increased  -^  for  every  degree  of  difference  between  them,  and  vice  verta.  If 
we  wish  to  cohrect  the  ouier  error  arising  from  the  expansion  or  contraction  of  the 
mercury  in  the  barometer,  we  must  observe  the  temperature  of  the  mercury  at  the 
upper  and  lower  station ;  then  the  altitude  of  the  lower  one  must  be  increased,  or 
the  higher  one  diminished,  ^  part  for  each  degree  of  difference  between  their 
temperatures.  To  those  who  are  unaccustomed  to  the  use  of  logarithms,  the  fol- 
lowmg  rule  may  be  preferred : — Take  the  sum  and  difierence  of  the  upper  and 
lower  barome^c  heights,  and  divide  one  by  the  other ;  multiply  the  quotient  by 
55000,  and  it  will  tlien  answer  in  feet  for  a  temperature  of  55o.  Suppose,  as 
before,  the  height  at  the  lower  station  to  be  29.5,  and  at  the  upper,  26.4  then 

29.5—26.4 

=  0554 

29.5  "^  26.4 
And  .0554  X  5500  =  3047  feet. 
This  result,  it  will  be  seen,  exceeds  the  other  by  154  feet ;  it  is  not  so  exact, 
but,  in  many  cases,  it  may  serve  to  flxmish  a  tolerable  approximation,  when 
logarithmic  tables  are  not  at  hand.    The  corrections  for  temperature  may  be 
apcJied  as  in  the  other  formula. 

BAROSCOPE.  An  instrument  for  shewinf  the  weight  of  the  atmosphere, 
frequently  confounded  with  the  Barometer :  the  former,  however,  only  proves 
that  the  atmosphere  has  weight;  while  the  hitter  determines  its  true  quantity. 

BARREL.  This  article,  as  made  by  coopers,  is  too  well  known  to  need  a  de- 
scription; but  the  air  and  water-tight  metallic  barrels  employed  in  the  British  navy 
for  preserving  provisions,  from  their  peculiarity  of  structure  and  utility,  require  a 
place  in  this  work.  Those  which  we  shall  describe  are  of  the  most  improved 
kind,  and  were  patented  by  the  late  Mr.  Robert  Dickenson,  of  the  Eagle  Foundry, 
Southwark.  These  barrels  are  made  of  wrought  iron,  of  a  cylindrical  form, 
with  a  seam,  soldered  or  rivetted,  in  the  usual  way.  To  strengthen  the  figure, 
and  adapt  it  for  the  reception  of  the  heads,  a  strong  iron  hoop  Im  rivettM  to 
each  end  of  the  cylinder.  These  hoops  are  prepared  at  the  iron  works,  b^ 
rolling  them  into  the  form  of  a  rebate,  shown  in  section  at  6,  Fi^  1.  By  this 
diagram  it  is  also  shown  that  the  hoop  is  fastened  with  its  thickest  part  against 
the  side  of  the  barrel  a,  about  an  inch  below  the  extreme  edge  of  the  same ; 
tlius  forming  a  deep  groove  between  the  sides  of  the  barrel|  and  the  thinnest 


part  ot  the  reWed  hoop,  fiw  the  recepUon  of  tlic  fimige  of  llie  head  f,  which 
appeoTF  to  be  made  by  bending  the  periphery  of  the  circular  iron  plate  to  aright 


angle  with  iti  plane.  Previoae  to  the  driving  down  of  lhi«  bead,  a  nit  of  pack- 
ing, compoMd  of  hemp-bandi,  or  currier'*  lealher-tliaTingi,  ii  to  be  rammad 
into  the  groove,  ao  ai  factually  to  exclude  bulh  air  and  maiiture.  To  aacure 
the  bottom  head  in  ita  place,  the  thin  pnnecting  edge  of  tlie  hoop  is  to  be  ham- 
mered down  upon  the  bottom,  and  over  this  ia  to  be  rivetted  a  flat  imti  ring,  to 
•erve  the  puipoie  of  the  ordinary  chimei  of  barreU,  the  exterior  edge  of  which 
(hould  extend  a  little  beyond  the  periphery  of  the  cylinder,  to  defend  the  (idea 
of  the  barrel  in  rolling  it.  The  upper  head  of  the  barrel  ia  »  constructed  as  to 
be  removable  at  pleasure,  the  hoop  which  circumscribes  it  being  the  same  aa 
that  on  the  bottoiD  ;  but,  instead  of  being  hammered  down,  it  is  left  erect,  aa 
shown  at  f}g.  2.  The  head  is  placed  also  within  a  similar  groove,  and  is  fastened 
down  by  means  of  a  number  of  latch-bolts.  These  Utch-bolta  are  attached  to 
the  bfMl,  or  movable  cover,  by  means  of  &  pivot  at  one  end,  upon  which  they 
turn,  and  are  driven  sideways  into  long  slots  made  through  the  projecting  hoop^ 
which  slots  are  not  made  in  a  parallel  line  with  the  top  of  the  cask,  but  aidant^ 
so  that  when  the  latch-bolt*  are  driven  into  them  by  a  hammer,  they  draw  the 
flanged  head  into  the  deep  groove,  which,  being  previously  packed  in  th« 
manner  before-mentioaed,  makes  the  junction  pnieclly  air  and  water-tight, 
His  kind  of  oover,  likewiae,  admits  of  its  being  ver^  readily  removed,  bjr 
driving  back  the  latcb-Udt*  with  a  hammer ;  and  the  mconvenience  formerly 
ezperieneed  ID  the  smallneat  of  the  apertures  in  aii^tight  veasels,  is  herein  com- 
pletely  removed,  the  mienin^  being  as  wide  as  the  barrel  itself,  so  that  larger 
matten  may  be  slowed  in  it,  ana  the  packing  and  removing  of  the  contenti 
greatly  fadfltated.  Metal  casks,  heretofore  employed  for  similar  purposes,  were 
unially  coated  with  puut  to  prevent  eiidation,  and  render  them  water-tight, 
which  was  fonnd  to  communicate  a  l>ad  Savour  to  the  floor,  biscuit,  or  ouier 
materials  which  they  contained.  To  remedy  this  inconveuience,  the  patentee 
coats  the  barrels,  both  iniide  and  outside,  with  any  of  the  well-known  water- 
proof compontions,  which,  while  they  effectually  prevent  oxidation,  will  not 
communicate  any  unpleasant  taint  to  the  articles  of  food,  even  in  ^e  hottest 
climate*.  The  patentee  lia*  selected  the  following : — To  1  pound  of  caoutchouc 
(Indian  rubber)  add  S  oi.  of  black  resin,  and  2  oz.  of  Venice  turpentine;  let 
the  caoutchouc  be  cut  into  small  pieces,  and  expose  the  mixture  to  a  heat  of 
180°  for  the  space  of  24  or  36  hours.  When  dissolved,  it  is  to  be  spread  upon 
canvass,  or  other  Sbrou*  material,  and  then  passed  between  cylindrical  rollers 
to  give  it  an  even  consistency.  With  this  material  the  baneli  are  to  be  coated 
ho£  withhv  and  without,  except  in  the  case  of  dry  goods,  such  as  biscuit*^ 
floor,  ftc,  when  the  coating  of  the  exterior  alone  is  considered  lufficient,  and 
th6  interior  surface  of  the  iron  may  be  bronzed  In  the  same  manner  as  gun- 
baml*.  For  oils,  tar,  varnish,  fto.  the  insides  of  the  barrels  have  no  coating, 
those  malarial*  being,  of  themselves,  preiervativet  against  oxidation.  In  some 
ease*  uf  dry  goods,  die  inside  may  be  coated  with  the  thinnest  and  cheapest 
woven  material,  or  even  paper ;  and  these  may  be  attached,  by  any  cheap  kioil 
tt  cement,  that  will  effectually  exclude  the  air   ~  '  ~ 
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BARROW.  A  machine  for  carrying  loads  by  manual  labour.  Banrowa 
are  of  two  classes :  hand-barrovs,  and  wheel-barrows.  Hand  barrows  coniist 
merely  of  a  small  platform  attached  to  two  poles  projecting  equally  firom  each 
end,  and  carried  by  two  men  in  the  manner  of  a  sedan  chair.  Wheel-barrows 
are  made  of  variouB 
forms,  widely  dif- 
fering from  each 
other,  to  suit  the 
particular  work  for 
which  they  are 
intended,  as  ex- 
cavator's barrows, 
brickmaker*s  bar^ 
rows,  &c,  but  all 
of  them  are  con- 
structed with  a  single  wheel  in  front,  and  two 
handles  behind.  Barrows  are  an  advantageous 
mode  of  employing  the  power  of  men ;  accord- 
ins  to  Coulumb,  a  man  with  a  barrow  will  do 
half  as  much  more  work  as  he  can  do  with  a 
hod.  The  longer  the  arms  of  the  barrow,  the 
less  is  the  labour  of  wheeling  it  A  great 
improvement  has  been  made  in  wheel-barrowi, 
by  the  addition  of  two  long  leaf-springs,  in  the 
outer  end  of  which  the  pivot  of  the  wheel 
turns,  instead  of  being  carried  by  stiff  inflexible 
arms,  as  heretofore.  In  the  construction  of 
docks,  canals,  embankments,  &c ,  one  very 
great  portion  of  the  labour  consists  in  raising 
the  earth  from  a  lower  to  a  higher  level,  and 
this  is  mostly  done  by  barrows ;  but  the  common 
mode  of  harrowing,  by  which  one  man  is  drawn 
almostvertically  up  an  inclined  plane,  along  with 
a  loaded  barrow,  whilst  another  man  descends  a 
similar  plane  with  an  empty  barrow,  is  extremely 
dangerous,  many  men  having  lost  their  lives,  or 
having  been  seriously  injured  by  it.  In  the  ^^ 
followmg  plan,  invented  by  Mr.  Matthews,  and  \. 
which  has  been  rewarded  by  the  Society  of 
Alts,  by  an  honorary  gold  medal,  these  evils 
are  entirely  avoided,  as  the  bnrrows  are  alter-  .  , 
nately  drawn  up  and  let  down  without  any  [  f 
workman  accompanying  them,  a  a  ia  a  plank 
10  or  1 1  inches  wide,  laid  at  a  small  angle  suf- 
ficient to  keep  the  barrow- wheel  in  contact 
with  it,  and  two  strips  bb  are  spiked  to  the 
edge  of  the  plank,  so  as  to  form  a  groove  for 
the  wheel  of  the  barrow  to  run  in ;  two  pieces 
of  quartering,  or  small  spars  c  c,  are  fixed  on 
each  side,  at  a  proper  distance,  to  guide  the 
handle,  by  which  the  barrow  is  kept  in  a 
proper  position  againot  the  plank  upon  which 
the  wheel  runs;  about  10  or  15  feet  from  the 

ed  barrow  is  to 
land,  a  pulley 
d  is  fixed  to  a 
pole  e,  through 
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which  the  rope,  or  chain,  is  passed  down  to  the  barrow;  to. the  end  of  the  rop« 
is  &stened  a  nook,  which  goes  into  an  eye  /  fixed  upon  the  point  of  the  barrow. 
A  pair  of  slings  are  slid  upon  the  handles  of  the  barrow,  previouslv  fastened 
upon  the  rope  at  a  proper  oistance,  to  keep  the  barrow  in  a  right  position  to  be 
drawn  up  the  plane,  or  plank,  which  is  when  the  handles  of  the  barrow  are  a 
little  below  the  horizontal  line  with  the  wheel  of  the  barrow  while  running  up 
the  plank.  The  rope,  after  passine  orer  a  pulley  d^  passes  through  another 
leading  pulley  ^,  at  a  proper  heigfit  to  suit  the  draft  of  a  horse,  and  is  con- 
nteted  to  a  similar  apparatus  at  another  inclined  plane,  situated  at  a  distance 
from  the  former,  somewhat  exceeding  the  length  of  the  planes  on  which  the 
barrows  run.  A  horse  is  attached  by  a  rope  to  the  middle  of  the  horizontal 
part  of  the  rope  p  ff,  and  alternately  traversing  between  the  two  stations,  raises 
a  loaded  barrow  at  one  station,  or  plane,  whilst  an  empty  one  descends  at  the 
other,  unaccompanied  by  a  man.  llie  pulley  d  is  elevated  so  high  as  to  let  the 
rope  from  the  barrow  clear  the  bank,  and  yet  incline  so  much  inward  that  the 
barrow  clears  the  bank  as  it  swings  in,  and  lands  itself  as  shown  by  the  dotted 
lines.  The  man  has  only  to  fix  the  ropes  to  the  empty  barrow,  and  wheel  the 
fiill  one  away. 

BARYTES.  An  alkaline  earth,  most  commonly  found  combined  with  sul- 
phuric acid,  forming  sulphate  of  barytes,  or  heavy  spar.  The  experiments  of 
Sir  H.  Davy  show  barytes  to  be  an  oxide  of  a  metal  to  which  he  gave  the 
name  of  Barium,  which  see.    See  also  Chemistry. 

BASALTES,  in  Natural  History,  a  heavy  hard  stone,  most  commonly  black, 
or  greenish,  consisting  of  prismatic  crystab,  the  number  of  whose  sides  is  uncer- 
tain. It  is  distributed  over  the  whole  world,  but  nowhere  exists  in  ereater 
variety  than  in  Scotland.  A  celebrated  range  of  columnar  basalt  exists  in 
Ireland,  and  is  known  by  the  name  of  the  Giant's  Causeway.  It  consists  of 
three  piers  of  three  columns,  which  extend  several  hundred  feet  into  the  sea. 
These  columns  are,  for  the  most  part,  hexagonal,  and  fit  very  accurately 
together,  but,  generally  not  adherent  to  each  other,  although  water  cannot 
penetrate  between  them.  Basaltes,  when  calcined  and  pulverised,  forms  a 
g<ood  substitute  for  puzzolana,  in  the  composition  of  hydraulic  cement,  having 
ike  property  of  liardening  under  water ;  and  it  has  also  been  converted  into 
glass,  from  which  wine  bottles  have  been  manufactured. 

BASE  is  a  term  usually  applied  to  the  lowest  part  of  any  thing ;  thus,  in 
Geometry,  it  is  the  lowest  side  of  the  perimeter  or  a  figure ;  in  Architecture, 
the  lowest  part  of  a  column,  or  pedestal ;  in  Building,  tne  lowest  apartment  is 
also  called  the  basement. 

BASE,  in  Surveying,  is  a  line  measured  with  the  greatest  exactness,  on  which 
a  series  of  triangles  are  constructed,  in  order  to  determine  the  position  of  objects 
and  places. 

BASE,  in  Chemistry.  Any  body  which  is  dissolved  by  another  body,  which  it 
receives  and  fixes,  and  with  which  it  forms  a  compound,  may  be  called  the  base 
of  that  compound.  Thus,  for  example,  the  base  of  neutral  salts,  are  the  alkar 
line,  earthy,  and  metallic  matters,  which  are  saturated  by  the  several  acids,  and 
form,  with  them,  these  neutral  salts. 

BASKET.  A  fabrication  woven  of  straw,  rushes,  canes,  and  other  elastic 
materials ;  but,  in  this  country,  principally  of  willow ;  which  last,  according  to 
tiieir  growth,  are  called  osiers  and  sallows.  Osiers  for  white  work  are  deprived 
of  their  bark  by  an  instrument  called  the  braker,  and  afterwards  are  cleaned 
by  a  common  uiife.  They  are  then  exposed  to  the  sun  and  air  in  order  to  dry 
tnem  thoroughly ;  after  which  they  are  housed,  and  kept  carefully  from  mois- 
ture, which,  if  attended  to,  will  preserve  them  for  years.  The  same  precautions 
agabist  moisture  are  necessary  for  preserving  osiers  with  their  bark  on.  When 
these  osiers  are  intended  to  be  used,  they  are  soaked  for  a  few  days,  according 
to  their  age  and  dryness.  Osiers  deprived  of  their  bark  are  assorted  by  the 
basket-maker  into  large  and  small  rods,  according  to  the  work  for  which  they 
are  intended ;  the  larger  ones  forming  the  slat  and  skeleton  of  the  basket,  and 
the  smaller  ones  for  weaving  the  bottom  and  sides.  For  common  work,  such  as 
clothas-baskets,  market-baskets,  &c.,  the  rods  are  used  whole ;  but,  for  the  finear 
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work,  aa  taUe-mats,  fruit  and  work  baakets,  and  the  like,  the  oeien  are  divided 
into  four  parts,  lengthways,  which  are  called  splits,  and  these  are  afterwards 
reduced  to  various  degrees  of  fineness,  when  they  are  called  skeins.  The 
method  of  making  a  basket  of  the  ordinary  kind  is  as  foUows : — ^The  workman 
having  cut  off  the  large  ends  of  as  many  osiers  as  he  deems  necessary,  and  of 
a  length  somewhat  more  than  the  width  of  the  bottom,  lays  them  on  the  floor 
!n  paurs,  all  ranging  the  same  way ;  he  then  places  on  them  two  of  the  longest 
osiers,  with  their  largest  ends  towards  him,  crossing  the  direction  of  the  former; 
on  the  laree  ends  of  the  two  long  osiers  he  places  his  foot,  weaving  each  alter- 
nately under  and  over  the  short  ends,  which  confines  them  in  their  places,  and 
forms  what  is  called  the  slat,  or  slate,  which  is  the  foundation  of  the  basket. 
He  next  takes  the  long  end  of  one  of  the  two  rods,  and  proceeds  to  weave  it 
under  and  over  the  pairs  of  short  ends  all  round  the  bottom,  until  he  has  wove 
the  whole  of  it;  this  is,  likewise,  done  with  the  remaining  osier,  and  after  this 
is  exhausted,  other  long  osiers  are  wove  in,  until  the  bottom  is  of  a  size  sufficient 
for  the  intended  basket  The  workman  next  proceeds  to  sharpen  the  ends  of  as 
many  long  and  stout  osiers  as  may  be  necessary  to  form  the  ribs,  or  skeleton  of 
the  basket ;  the  sharpened  ends  are  planted,  or  forced,  between  the  rods  of  the 
bottom,  and  are  turned  up  in  the  direction  of  the  sides,  and  the  other  rods  are 
woven  in  and  out,  between  each  of  the  uprights,  untU  the  basket  is  raised  to 
the  intended  height  To  finish  the  edge,  or  brim  of  the  basket,  the  ends  of  the 
ribs,  which  are  now  standing  up  perpendicularly,  are  turned  down  over  each 
other  in  a  manner  easily  understood  by  inspecting  a  basket,  although  difficult 
to  describe.  There  remains  only  to  add  the  handle ;  this  is  done  by  planting 
or  forcing  down  close  to  each  other,  between  the  weaving  of  the  sides,  two  or 
three  osiers,  cut  to  a  proper  length ;  when  in  their  place,  a  hole  is  made  through 
them,  about  two  inches  irom  the  brim,  into  which  a  pin  is  put,  to  prevent  their 
being  drawn  out ;  they  are  then  covered,  or  bound  together  with  skeins,  some- 
times of  various  colours,  forming  different  kinds  of  platting  on  the  handle. 
Basket-work  is  well  adapted  to  many  other  purposes  than  those  to  which  it  is 
at  present  applied,  as  it  combines,  in  an  eminent  degree,  the  three  qualities  of 
strength,  ligntness,  and  eksticity. 

BASSOON,  a  musical  wind  instrument,  blown  with  a  reed,  furnished  with 
eleven  holes,  and  used  as  a  bass  to  hautboys,  flutes,  &c 

BASSORINE.  A  name  given  to  a  substance  which  is  extracted  from  the  gum 
resins,  by  successively  treating  them  with  water,  alcohol,  and  ether.  The  bassorine 
being  insoluble  in  these  liquids,  remains  mixed  merely  with  the  woody  particles, 
from  which  it  is  easy  to  separate  it  by  repeated  washings  and  decantations, 
because  one  of  its  properties  is  to  swell  extremely  in  the  water,  and  to  become 
very  buoyant.  This  substance  swells  up  in  cold  as  well  as  boiling  water,  without 
any  of  its  parts  dissolving.  It  u  soluble,  however,  almost  completely  by  the 
aid  of  heat  in  water  sharpened  with  nitric  or  muriatic  acid. 

BATH.  A  receptacle  of  water  in  which  to  plunge,  wash,  or  bathe  the  body. 
The  practice  of  bathing,  although  not  so  common  in  this  country  as  on  the 
continent,  is  daily  becoming  more  general;  and,  in  most  large  towns,  there  are 
public  establishments,  where,  at  a  very  short  notice,  warm,  cold,  and  vapour 
baths,  either  plain,  saline,  or  medicated,  may  be  had.  From  the  beneficial 
effects  of  hot  oaths,  in  sudden  cases  of  inflammation  of  the  bowels,  and  of 
cholera,  portable  baths,  of  various  kinds,  have  been  constructed,  bv  means  of 
which  a  not  bath  may  be  speedily  prepared  in  a  sick  chamber ;  and  the  appar 
ratus  occupying  but  little  space,  can  be  easily  stowed  away  when  not  in  use. 
The  annexed  cut  represents  a  simple  and  effectual  apparatus  of  this  description, 
invented  by  Mr.  Benham,  of  Wigmore  Street,  Cavendish  Square,  a  represents 
the  ordinary  bath  filled  with  water  to  the  proper  height ;  b  a  ftumace  for  heating 
the  water ;  and  e  a  fender  to  keep  in  the  fuel  and  ashes ;  at  the  end  de  the 
bath  has  a  double  case,  at  top  and  bottom  of  which  there  are  apertures  com- 
municating with  a  double-cased  boiler  that  entirely  surrounds  the  fire.  The 
water  thus  heated  naturally  ascends  and  enters  the  bath  at  e,  while  ihe  cold 
water  to  supply  its  place  enters  the  boiler  at  d;  thus  a  continued  circulation  of 
the  water  is  effectea  by  this  arrangement,  so  as  to  heat  it  very  quickly,  and  by 
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a  fmall  fire,  mof«  coiiveuienttji  and  •gremUy  titiutcd,  than  if  placed  under  tha 
bath  Bi  uiual ;  /  ii  a  pump,  tfaa  lover  end  of  whkh  dips  into  a  imall  well  at 
the  bottom  of  the  bath  for  dLKharging  the  water ;  j  U  a  imall  wrought-iroa  flue  i 
the  whole  rana  upon  caaton. 


In  Mr.  Hick'a  portable  baths,  a  broad  shallow  flue  of  metal  ii 
undemeBth  the  bath,  and  in  the  flue  is  ignited  a  determinate  quantitj'  of  the 
nil  of  turpentine,  or  other  itiflammahle  liquid,  nipplied  from  a  leaenoir  above, 
in  the  tide  of  the  bath,  and  r^ulated  bjr  a  itopsmck.  The  vapour  ariiing  from 
the  combustion  is  carried  off  bjr  means  of  &  tube,  into  the  apartment  in  which 
the  bath  is  placed.  Bv  a  slight  modification  (J  die  foregoing  plan,  the  [Utentee 
purpoaei  to  employ  tba  flame  of  condensed  inflammable  gas  for  heating  the 
water  rapidly;  and  in  the  water  may  be  infused  herbs,  or  other  medicamenti, 
for  patients  who  may  be  labouring  under  cutaneou*  diseases.  By  these  arrange- 
menlf,  a  portable  warm  bath  is  prepared  in  a  few  minutes. 

BATHS  in  Chemittry,  a  contrivance  for  subjecting  diffirent  tubetancei 
either  to  a  steady  heat,  not  liable  to  sudden  fluctuations,  or  to  a  temperaluTe 
which  shall  never  exceed  the  boiling  point  of  water.  In  the  first  case,  the 
venel  containing  the  substance  to  be  tieated  is  imbedded  in  a  vesael  containing 
sand,  or  other  slow  conductor  of  caloric,  and  set  in  a  furnace,  and  this  i*  called 
a  sand  bath;  but  if  it  ia  desired  that  the  temperature  shall  not  exceed  212°, 
water  ia  lubetilute  for  sand,  and  this  is  called  a  water-bath.  A  familiar  exompU 
'  1  water-bath  ii  ■■■-   -- 


glue-pot,  which  consists  liniply 
of  a  venel  containing  water,  in 
which  is  immened  another  ves-  ^ 
•el  containing  the  glue.  Mr. 
Vaiie  recenUj  patented  culi- 
DBiT  vessels  on  the  same  prin- 
ciple, an  illuatration  of  which  ii 
subjoined;  a  being  the  external 
veesel  containing  water ;  b  the 
mtamal    vessel    containing  the 


food;    and   c   the   c 


The 


principle  of  this  method  of  limit- 
mg  the  temperature  has  received 

I,  by 


Mean.  Beale  and 
have  obtained  a  patent  for 
playing,  as  a  beating  medium, 
n  substances,  which  rise  in  vapour 


I  difierent  degrees  of  the  thermometrie 


e  exceeding,  and  others  falling,  below  the  boiling  point  of  water,  such 
as  alcohol,  ether,  naphtha,  turpentine,  end  varioui  esaential  oils.  Under  tlie 
head  BoiLUt  will  he  found  a  description  of  an  apparatus  upon  this  principle. 

BATTERING  RAM.     An  ancient  military  engine,  u«ed  for  destroying  th« 
walb  frf'  fortified  places,  hut  which,  since  the  invention  of  gunpowJer,  is  no 
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longer  used  for  that  purpose,  as,  by  means  of  cannon,  the  attack  can  be  made 
from  a  much  greater  distance ;  but  machines  of  this  description  are  still  some- 
times employed  in  taking  down  old  and  massive  walls.  The  battering  rams  of 
the  ancients  were  of  two  kinds ;  the  first  consisted  merely  of  a  heavy  beam, 
with  a  head  of  iron,  which  the  soldiers  bore  in  their  arms,  and  assuled  ihe 
walls  by  main  strength.  The  second  sort  was  much  more  powerful  and  effective. 
In  these  the  beam  was  suspended  by  chains  from  a  frame ;  the  centre  of  gravity 
of  the  mass  of  the  beam  being  pulled  out  of  the  perpendicular  by  ropes,  they 
were  suddenly  let  go,  causing  the  head  of  the  ram  to  strike  the  wail  with  a 
force  proportional  to  the  weight  of  the  mass,  and  the  space  through  which  it 
movea.  Some  of  these  instruments  were  of  enormous  dimensions,  and  of 
immense  power.  That  of  Vespasian  is  said  to  have  been  120  feet  long,  and  to 
have  weighed  100,000  lbs.  The  effect  of  some  of  these  instruments,  was  much 
superior  to  any  we  can  produce  by  our  breaching  cannon ;  for  if  the  weight  of  a 
battering  ram,  moving  with  a  velocity  of  10  feet  in  a  second,  were  no  more 
than  170  times  that  of  a  cannon  ball,  moving  at  the  rate  of  1700  feet  in  a 
second,  the  momenta  of  both  forces  would  be  equal ;  but  as  the  weight  of  these 
ancient  machines  was  much  greater  than  170  times  that  of  our  heaviest  cannon 
balls,  their  momentum,  or  impetus,  to  overturn  walls,  and  demolish  buildings, 
was  much  superior  to  that  exerted  by  our  modern  artillery. 

BEAM,  in  Building,  a  piece  of  timber  resting  upon  walls,  and  used  to  sup- 
port the  floors  or  fronts  of  houses,  to  suspend  weights  from,  &c.  The  strensth 
of  beams  to  each  other  is  inversely  as  the  length,  and  directly  as  the  breadth 
and  the  square  of  their  depth ;  their  depth,  therefore,  is  generidly  made  greater 
than  their  breadth,  as,  by  tliis  means,  greater  strength  may  be  obtained  with 
less  material ;  thus  diminishing  both  the  weight  and  the  cost.  Beams  are 
variously  named,  according  to  the  situations  they  occupy  in  a  building.  A  tie- 
beam  is  a  horixontal  beam,  extending  from  the  opposite  walls  of  a  building,  and 
having  notches  near  the  extremities  against  whicn  the  lower  ends  of  the  prin- 
cipal rafters  of  the  roof  abut,  by  which  means  the  thrust  of  the  rafters  is  exerted 
against  the  tie-beam,  instead  of  acting  against  the  walls.  A  girder  is  a  stbut 
beam,  extending  from  one  side  of  a  building  to  the  opposite  one,  and  used  to 
carry  the  joists :  when  the  distance  between  the  walls  u  great,  it  at  the  same 
time  serves  as  a  tie  to  the  walls.    A  bressummer  is  a  beam  used  to  support  a 

Sortion  of  a  building  above  a  considerable  opening  similar  to  a  lintel  over  a 
ooi^way.  When  a  beam  projects  from  a  wall,  tiie  outer  end  being  unsupported, 
it  is  termed  a  cantilever.  In  cases  where  the  distance  between  the  pomts  of 
support  is  great,  and  the  load  to  be  sustained  by  a  beam  is  considerable,  instead 
of  a  beam  formed  of  one  piece,  a  frame  of  timber,  called  a  truss,  is  employed, 
which,  in  its  simplest  form,  consists  of  two  inclined  beams,  abuttine  against 
notches  in  a  horizontal  beam  near  its  extremities ;  and  the  upper  ends  of  the 
beams  meeting  in  a  point  upon  which  the  load  rests,  by  which  means  the  pres- 
sure is  transferred  from  the  centre  of  the  beam,  to  the  part  of  it  which  is  over 
the  points  of  support,  and  the  stress  upon  the  beam  is  changed  from  a  transversa 
strain  to  a  tensile  strain,  operating  in  the  direction  of  the  fibres.  Roofs  and  centres 
of  bridges  are  specimens  of  trusses,  and  are  framed  upon  tiie  same  principle, 
although  more  complex  in  the  form.    The  methods  of  forming  trusses  are  very 

^f^.  1. 


Ffg.2. 


varied,  depending  partly  upon  the  uses  for  which  they  are  intended ;  the  following 
description  of  a  very  neat,  simple,  and  effectual  method  of  constructing  rafters  for 


BEAMS. 

■  Dearly  flat  roo^  invented  by  Mr.  Smart,  of  the  Ordnance  Wharf,  Weat- 
minitei  Bridge,  U  an  extract  taken  from  the  inventor's  communication 
tetheSociety^ofArti.  "I  takeaBquarsBparof  theuiualilzeforarafter, 
■Dd,bymeanBofBcircularsaw,makeanincisianinitasihnwnati6,  ^jT.  1 
page  156.  I  then  make  the  cut  e  al  right  anglei  to  the  former,  andequi- 
diitant  from  the  two  ends  ;  lastly,  I  make  the  two  cuts  d  d,  talcing  out  a 
thin  wedge  Irom  each  place.  The  two  pieces  c  d  are  then  to  he  gently 
nuaed  up,  till  they  form  an  angle  of  lO''  or  12°,  with  the  piece  h  h, 
and  are  secured  in  their  place  bj  the  insertion  of  a  key-wedge  «  nf 
seasoned  oak,  as  repreientcd  at  Fig.  2.  It  is  obiious  that  a  weight 
preasing  on  the  key-wedge  of  this  rafter  (the  ends  being  properly  sup- 
ported), will  be  sustained  till  either  the  fibres  of  the  wood  forming 
the  string  are  drawn  asunder,  or  till  the  lateral  coheiion  of  the  wood 
forming  the  butt-ends  of  the  raften  he  destroyed ;  at  the  same  time 
there  is  no  lateral  pressure  on  the  waU."  The  above  rafter  is  com- 
mtHdy  known  by  the  name  of  the  "  Bow  and  String  Jtafltr." 

Another  rafler  upon  the  same  principle,  by  the  inventor  of  the  fore- 

rg,  is  ihowa  in  the  margin.  The  rafter,  which  is  56  feet  between 
bearings,  is  mode  out  of  a  scantling  tO  inches  by  4.  An  incision 
is  made  by  a  circular  saw,  from  the  middle  nearly  to  each  end ;  a 
transverse  cut  is  then  raade  at  a,  through  the  middle  of  the  upper 
part  of  it,  and  at  each  end  6  5  of  the  incision,  a  transverse  piece,  of  a 
wedge  thape,  is  cut  out,  reaching  nearly  to  the  longitudinal  incision, 
but  not  so  near  as  to  separate  the  parts.  Short  pieces  of  wood  are 
then  inserted  hetwoen  the  npper  and  under  part  of  the  rafler.  end  the 
whole  are  secured  by  iron  straps.  It  appears  that  Mr.  Smart  was  led 
to  the  foregoing  method  of  forming  ratters,  by  the  following  experi- 
ment, which  he  made  for  the  ptupose  of  ascertaining  whether  the 
strength  of  a  beam  ii  increased  in  the  proporlion  of  three  to  two,  as 
■tatej  by  Belidor,  by  fastening  iti  ends  so  as  to  prevent  their 
approach  wben  loaded  in  the  middle.  He  placed  a  lath,  an  eighth  of 
•n  inch  thick,  in  a  strong  IVame,  as  shown  by  the  annexed  cut,  which 
tnoke  with  a  load  of        j^  ,-. 

Illbs.pIaecdonit«mid-       ^  n AjL 

die.  HeDexttookalath    I     ,  ,  . 

of  the  same  wood,  and 

fixed  it  firmly  at  the 

ends,  b^  means  of  the     tC 

prrieclmg   pieces   b  b 

■nd  the  wedges  e  e,  and 

ascertained     that      it 

would  sustain,  by  this    £ 

nraDsemetit,  a  load  of 

Z70  lbs.  whence  it  appears  that  the  strength  of  the  lath 

nearly  25  times,  by  merely  securing  it  well  at  the  ends. 

The  foSowlng  figure  represents  a  trussed  girder  of  wrought  iron, 
aimilar  in  construction  to  the  foregoing.  This  girder  is  made  by 
welding  an  arched  bar  of  wrought  iron  to  a  longer  straight  bar,  and 
then  turning  Ike  ends  of  this  latter  either  up  or  down,  as  may  he  most 
convenient  for  the  particular  use  to  which  the  girder  is  to  be  applied, 
i  (  are  the  places  wliere  the  ban  are  welded  together  that  compose 
the  girder;  u  u  the  ends  of  the  straight  bar  turned  either  up  or 
down.  The  arch  is  prevented  from  buckling,  when  the  weight  presses 
19011  it;  by  means  of  blocks  of  well-seasoned  wood,  inserted  at  inter- 
vila  between  the  two  bars,  and  secured  in  their  places  by  the  iron  straps 
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tluH  way  will,  in  Mr.  Smart's  opinion, 
i.u  g-cBiEi  uioii  Mit  iron  ones  of  equal  dioieniiont, 
of  any  given  itrength  at  balf  the  coil  of  equivalent 


V  V.  Beams  of  i 
Ruppoit  a  weiglil 
that  lliey  may  be 
beami  of  cait  inn 

The  GUI  on  the  left  repreBenl)  one  of  the  iron  girden  employed  in  building  the 
London  Univermty.     The  whole  length  ia  3G  feet,  and  cast  in  one  piece;  it 
liies  ID  the  puddle  about  25  inchet,  end  ii  provided  with  a  wrought  iron  tie  or 
I  circular  bolt  of  about  3  inchei  diameter,  which  passei      yig_  i 
-^  through  aperture!  In  the  leriei  of  projecting  piece* 
■hown,  and  is  strongly  screwed  up  at  the  ends  c  e. 
On  each  side  of  the  ^'irdet  are  hofted  wooden  scant- 
lings, into  which  the  joitla  are  framed. 

Af.  1    represents   a   trtissed  girdar,  invented   by 

dr.  J.  Conder,  on  the  principle  of  suspension j    and 

Figi.  2,  3,  4,  S,  represent  aeparaCe  psrls  of  the  plan  o\ 

truiaing,  and  the  same  letlera  refer  Va  aimilar  parts  in 

all  the  figures.   The  girder  aa  Fig.  1  is  furnished  with 

cast  iron  plates,  turned  down  at  rieht  angles,  to  extend 

^D  over  its  ends.     These  end  plates  have  on  their  upper 

^^  surfaces  circular  hooked  proiectioDs,  shown  in  elevation 

by  /^.  2,  and  in  plan  by  Fig.  3.     The  use  of  these 

Fig.  2.  F^.  3. 


?     ,     ■■  "  "^  receive  round  rods  of  wrought 
iron,  bent  in  the  middle  to  correspond  and  fit  into  the 
booked  projections,  as  represented  by  b  F^.Z.    The 
Fit.*- 


iron  rod*  extend  along  each  side  of  the  girder 
third  of  its  length,  in  a  sloping  direction  from  bta  d, 
n-hcre  thi'ir  ends  pass  through  holes  in  cross  piece*  of 


15B 

Itnn,  ntA  are  lecured  b;  icrewing  thcreoa  nuU,  ax  ibown  at  Fig.  4.  Between 
the  piece!  d  d  and  the  lower  aide  of  the  girder  are  placed  prtsm-ihaped  ]>lockl 
of  oak  e  e,  shown  in  aeetion  \iy  Jb.  5,  which  vary  in  size  according  to  the  depth 
erf"  the  Toof  or  floor  which  the  girder  ii  intended  to  support.  Below  the  middle 
of  the  gitder,  and  parallel  thereto,  eitenda  asinele  rod/,  equal  in  atrcneth  to  a 
double  rod  t  e;  ihia  rod  panes  through  Ch<  middle  of  the  cron  pieces  ad,  and 
is  secured  by  nuta  acrewed  en  ita  ends,  as  represented  bj  Fig.  4.  AU  the  parti 
of  the  truss  may  be  brought  to  anj  required  teuiion,  and  the  eirder  made  tu 
camber  simply  by  screwing  up  one  of  the  nuta  on  the  rod^/T  A  somewhat 
simpler  plan  is  represented  in  the  following  figure,  whilst  it  ] 


kdvantages  ai  to  strength  and  durkbility.  The  girder  i'  to  be  tnund,  is  divided 
longitudmiUy  into  two  flitches,  and  between  them  is  introduced  a  tingle  rod  of 
iron  c,  the  ends  of  which  pasa  throiuh  the  kneed  plates  b  b,  and  are  then 
Mcnred  by  screwed  nuts ;  the  ends  of  Uie  flitch  are  bevelled  off  at  right  angles, 
to  the  direc^n  of  the  trussed  rod.  Beneath  the  girder  are  placed  two  triangidar 
Uocks  d  d,  proportionate  to  the  strength  required.  The  two  flitches  are  Kept 
apart  the  thickness  of  the  truss  rod  by  the  iniroduction  of  slips  of  wood  between 
them,  and  kept  in  their  places  by  straps  at  e  e  e  «. 

Mr.  Rentonaarrangementofthesunension  trussed  girder  is  shown  in  thefigum 
beneath.     FJg.  1  is  an  eleTation  of  the  trust,  with  one  oi  the  flitches  removed 
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to  show  the  iron  work ;  and  Fia,  2  ii  a  section  of  the  ffirder.  a  a  the  two  siu- 
pension  links,  connected  with  the  two  tie  links  b  b  by  oolts  and  keys,  through 
the^cast  iron  saddle  pieces  d  d.  The  upper 
ends  are  united  to  the  abutment  pieces 
c  c  by  bolts  passing  through  them ;  the 
beam  is  adjusted  to  its  bearing,  or  cam- 
bered, if  necessary,  by  the  folding  wedges 
(seen  at  0  e  Fig,  2)  at  the  back  of  the 
saddle  pieces,  which  it  may  be  found  ne- 
cessary to  steady  sideways  by  blockings 
spiked  to  the  beams.  Figt,  3  and  4,  eleva- 
tion and  plan  of  another  mode  of  connectr 
ing  the  tie  links  and  adjusting  them  by 
wedees.  Fig.  5,  another  form  of  link,  whicn 
mayhe  used,  instead  of  the  double  bar  link. 
The  subjoined  figures  represent  one 
of  the  nrders  employed  at  Messrs.  Nichol- 
son's mstillery,  to  support  a  liquor  back 
containing  19000  gallons^  which,  when 
full,  wei^  nearly  100  tons.  Fig,  1 
is  the  elevation  of  the  girder,  with  one 
of  the  flitches  removed.  Fig,  2  a  plan  of 
the  truss,  aaa  Fig.  1  are  three  strong 
plates  of  cast  iron,  forming  a  sort  of  arch, 
of  which  the  centre  piece  may  be  con- 
sidered the  key-stone,  and  6  6  cast  iron 
plates,  resting  on  the  wall,  as  the  abut- 
ments, e  e  cast  iron  blocks,  in  which  the 
upper  ends  of  the  two  side  plates  a  a,  and 
the  ends  of  the  middle  plate  are  lodged ; 
d  d  blocks  of  cast  iron,  which  are  screwed 
up  against  the  under  side  of  the  girder, 
by  nuts  on  the  end  of  the  screw-bolts 
passing  through  the  blocks  c  e,  e  is  one 
of  two  wrought-iron  tie  bars,  passing 
through  the  blocks  d  d  and  6  //,  and  se- 
cured by  nuts  at  the  ends  e,  and  which 
ends,  as  a  further  security,  are  chained. 
Tlie  blocks  b  b  have  protuberances  // 
which  are  let  into  the  bearing  timbers  g 
on  the  walls  k.  The  ends  f  b  of  the 
blocks  incline  outwards  about  10  degrees, 
on  which  account  the  flitches  of  the 
girder  cannot  slip  down,  but  must  press 
at  the  angle  b,  as  must  also  the  points 
between  6/  of  the  plates  a  a,  when  the 
weight  presses  down  the  queens  by  the 
part  of  the  girder  bearing  on  their 
shoulder  or  on  the  blocks  dd,  thus  giving 
the  whole  weight  to  the  bars  e  in  the 
direction  of  their  length,  just  as  if  the 
weight  were  suspended  vertically  from 
those  bars,  or  nearly  so,  the  girder  being 
merely  a  rest  for  tne  base  of  the  back. 
I^,  3  is  the  end,  with  the  eirder  trussed 
on ;   4  is  the  end  view  of  the  blocks  d  d, 

through  which  the  tie  bars  pass;    5  a  ^    ^  ^ 

section  of  the  inner  part  of   the  end 

block,  when  trussed ;  6  is  one  of  the  iron  braces  which  saddle  over  the  flitches, 
to  keep  them  to  at  top ;  and  7  is  one  of  the  pieces  of  oak  which  fit  into  the 


r» 


iio:! 
•I    • ' 


0_0j 


.^- 


S? 


2S^\ 


BEAMS.  IS] 

■pntDTM  batwcMi  the  flitchei  ta  pMier*e  the  bearing.  Hie  but  *  m  2}  inehei 
in  duuneter,  or  upwirdj  of  3}  inchei  irea. 

We  AtH  conclude  this  article  vith  a  description  of  a  ttussed  girder  propoud 
by  Hr.  Gutteridge,  and  which  ve  iniert  rather  for  the  novelty 
of  the  contnTance,  tbaa  for  any  great  merit  which  we  can  _  _ . 

diacoTer  in  it.  a  ia  a  beam  of  wood  or  girder  to  be  truaaed, 
lodging  on  the  walb  h.  bgb  a,  wrought  iron  pUte  or  bar  iTins 
m  the  beam,  and  attached  to  iron  levert  he  dhy  pivoto  at  o. 
Theie  lerers  are  attached  to  the  ende  of  the  beam  by  iron  plate* 
i,  which  are  fulcra,  c  being  ihe  centre.  To  the  lower  extremity 
or  piTote  of  the  arm  e  dia  attached  a  bar  of  iron  I  at  each  end, 
ana  these  are  connected  by  pivote  at  ef  Co  a  similar  bar  m,  and 
ate  kept  below  the  beam  by  cast  iron  blocks  k.  The  object  of 
thii  construction  ia  to  canae  any  weight  laid  upon  the  beam  at 
g  to  counteract  ill  own  tendency  to  bend  the  beam,  by  its  in- 
ereadng  the  tension  of  the  suipendoa  rods  /  m  ^  whicn  would 
cause  the  blocka  kk  io  rise ;  but  the  weight  of  any  load  i* 
made  to  increase  the  tension  of  the  tie-bar  by  much  simpler 
meooa  in  some  of  the  trasses  preriouily  deecribed,  as  in  Smart's 
bow  and  string  rafter,  or  in  the  girdera  at  Mr.  Nicholatui'a 
diitiUeiy. 

BEDSTEAD.  The  forms  of  bedsteads  are  so  nameroiu, 
and  at  the  same  time,  so  well  known,  as  to  render  description  at 
once  tedious  and  unneceesarv ;  we  iliall,  therefore,  merelj  notice 
a  bedstead  designed  especially  for  the  use  of  iuTalids.  It  is  the 
invention  of  Mr,  RawRns,  of  Pentonville,  and  is  named  by  him 
the  Patent  Invalid  Bedstead.  In  the  enrnving  in  Ihe  next  page, 
which  ia  a  penpective  representation  of  this  invention,  A  repre- 
•enti  the  bedstead ;  B,  swing  frame,  showing  the  head  and  foot 
framea  raised ;  C,  rising  heaJd  frame  ;  D,  rieing  foot  frame ;  E 
in  the  figure*  underneath  shows  the  elevation  of  the  knee-joint ; 
F,  folding  tide  frame.  The  patient  lies  on  the  mattress  on  the 
swing-ftame,  which  may  rest  on  the  mattrea*  beneath ;  or,  if 
desirable  to  be  softer,  on  a  bed ;  and,  iat  the  convenience  of  per- 
forming the  offices  of  nature  with  cleanliness  and  comfort,  the 
swing-mune  i«  raised  up  by  turning  the  bandies  at  the  head  and 
foot  of  the  bedstead  (one,  or  both,  as  the  occasion  may  reqnire), 
so  as  to  admit  a  bed-pan  to  be  placed  beneath  a  circular  hole 
in  the  mattren  (the  cushion  which  fastens  in  underneath  with 
a  buckle  and  strap  having  been  previously  remoredj.  By 
raising  the  swing  frame  higher,  Ihe  bed  beneath  can  be  shaken 
np  without  inconvenience  to  the  padent  In  asthmatic  and 
other  complainta,  where  a  difficulty  of  breathing  is  experienced, 
the  riling  head  frame  may  be  elevated  so  as  to  give  the  utmost 


e  may  be  elevated  so  as  to  give 
e  of  the  disorder  will  admit  of.   At  persons  long 
o  bed  grow  weary  of  lying  in  one  position,  a  change 


relief  the 

confined  t  ^  ,         ,     „  , 

may  be  readily  obtained  by  the  aid  of  the  attendants,  and, 
Bome  cases  without  it.  If,  for  example,  it  is  wished  to  raise  the 
feet,  the  attendant  raises  the  rising  foot  frame  by  the  hand  hole 
in  the  foot  board,  and  the  swing  bracket  fixed  beneath  drops 
into  the  racks  cut  on  each  side  of  the  swing  frame,  and  supports 
it  at  the  desired  elevatiDn  ;  again,  if  the  knees  require  to  be 
raiaed,  the  frame  is  raised  as  shown  in  the  fi^e  E,  the  ends  of  the  fhune 
dropping  into  the  rack  before-mentiDued ;  if  it  it  wished  to  ruse  and  rapport 
the  body  on  one  tide,  the  folding  frame  heing  introduced  between  the  mattrcM 
and  the  swing  frame,  and  the  upper  leaf  of  it  raised,  the  patient  ii  quietly 
turned  on  hii  side,  and  supported  in  that  position  by  the  bracket  dropping  into 
the  rack*  cut  in  die  lower  leaf  as  tliown  in  the  figure  Fj  in  short,  uie  appa- 
tnged  to  luit  any  jiosition  which  may  be  desired ;  and  fbr  dw 
t  afforda  to  the  uvtlid,  and  for  the  facility  with  which  the 


raquiiite  chuiKM  ore  effected,  ve  thbk  this  appsratus  luptrior  to  any  invention 
of  the  kind  vnich  has  come  undeT  our  notice. 

BEEH IVE.  An  arlificial  habitation  for  beei,  uauallv  constructed  of  etraw.  This 
description  of  hive  is  ao  well  known,  that  «e  ahall  only  remark  upon  one  or  two 
eMGDtial  pointi.  Fint,  care  Bhould  be  taken  to  have  the  hive  made  of  clean 
and  good  (traw,  and  ^  luitable  thickness ;  and,  secondly,  it  ahauld  be  well 
aheltered  from  cold  winds,  and  rains,  for  if  once  the  wet  penetrate*  the  hives, 
it  afiecti  the  combs,  and  the  bees  gettine;  •  distaste  for  their  home,  will  work 
■lowlj,  and  ofleiL  desert  it  altogether,  loe  culture  of  bees  has,  for  some  yean 
past,  been  an  object  of  much  attention  in  this  country,  and  numerous  improve- 
ments have  taken  place  in  the  construction  of  the  hires,  fay  which  Ibe  crud 
SBCtice  of  destroymg  the  bees  to  obtain  their  honey  is  obviated,  and  the  pro- 
ice  is  very  conuderably  increased  by  the  management  of  the  hives  and  tbeii 
inmatet.  Amongst  those  who  have  turned  their  alteotion  to  this  subject,  Mr. 
Mott,  of  Moulton  Chapel,  Lincolnshire,  staiids  distinguished  for  the  improve- 
ments he  has  introduced  in  the  structure  of  beehives,  and  the  management  of 
the  bees.  The  most  essential  part  of  his  plan  consists  in  regulating  the  beat  of 
the  hives  bj  means  of  ventilation,  so  as  to  prevent  the  swarming  of  the  bees; 
at  the  same  time  obliging  them  (o  exchange  a  hive  filled  with  honey  for  an 
empty  one  placed  by  the  side  of  it.  The  cut  represents  an  elevation  of  one  of 
the  forms  of  hives  adopted  bv  Mr.  Mott,  inclosed  in  a  Irame  like  that  of  a 
watchman's  boi,  but  surrounded  by  trellis-work  (not  shown)  instead  of  close 
boards.  The  lower  portion  ;  /  being  the  warmest,  is  the  apartment  for  the 
queen  and  the  Iotvk.  The  entrance  for  the  bees  is  at  a  natrow  hole  at  the 
bftck  of  the  hive,  as  at  e,  near  to  tlie  ventilators  t>  v,  which  are  tin  lubes  open 
on  the  outside  of  the  hive,  and  perforated  internally  with  minute  holes  (to 


BEER  MACHINE. 


prevent  ill e  bee<  from  posiing  (hrougli)  prqect- 
mg  liotiiontally  toward*  the  centre  of  the 
hive;  above  there  is  a  floar,  vilh  large  apertures, 
■hown  bv  the  dots,  which  are  covered  by  the 
receptacfes  for  the  honey  rrrr,  inlo  which 
the  bees,  therefore,  enter  from  beneath. 
The  compartment  of  the  hive  where  these 
TCisels  are  placed,  is  made  to  open  and  shut 
u  ■  box,   the  lid   of  which  is   shown  as 

rned  an  inch  or  two,  and  so  retained  by 
cord  and  pulley. 
BEER.  A  fermented  liquor,  which  is 
most  commonly  prepared  from  malted  bar- 
ley, although  it  ii  sometimes  made  from 
otner  kinds  of  grain,  either  raw,  or  malted, 
ai  wheat,  maize,  millet;  also  from  sugar 
and  molasses ;  and,  recently,  from  mangel 
wurael ;  in  fact,  it  may  be  obloiiied  &om 
most  vegetable  lubstancei  which  contain 
■accharine  matter,  uncombined  with  any 
acid.  Beer,  or  a  fermented  liquor  prepared 
from  grain,  was  known  to  the  ancient  Egyp- 
tian!, with  whom,  indeed,  the  art  of  pre- 
*  njpposed   to  have  had  ''" 


pnng 


e  with  the  ancient  Gauls, 
SaiODi,  Britons,  and  otlier  nations  of  the  north 
and  west  of  Europe  ;  and  is,  at  the  present,  a 

common  beverage  in  most  countries  where  grain  is  plentiful,  and  where  the 
grape  does  not  flourish.  Park  and  Lander  both  mention  it  as  extensively  used 
m  various  parts  of  the  interior  of  Africa.  It  does  not  appear  that  either  tho 
Egyptians,  or  any  of  the  nations  of  antiquity,  used  hops,  or  any  similar  sub- 
ttance,  with  their  worts,  on  which  account  their  beer  would  not  be  well  adapted 
for  keeping.  This  improvement  in  the  art  of  brewing  was  introduced  in 
England  about  the  beginning  of  the  sixteenth  century ;  at  the  outset  the  prac- 
tice encountered  some  prejudice ;  and,  in  an  old  act  of  parliament,  hops  are 
denounced  as  a  poisonous  weed.  In  England,  two  distinct  sorts  of  beer  are 
known,  called  aU,  and  porter,  or  beer,  and  of  each  sort  there  are  numerous 
Tarieties.  Although  the  difference  in  the  flavour  of  ale  and  of  porter  is  suffi- 
ciently marked,  it  is  difficult  to  say  in  what  way  it  is  produced ;  that  it  is  not 
altogether  owing  to  pale  malt  being  used  for  brewing  ale,  as  some  assert,  is 
dear  from  the  fact  that,  in  many  parts  of  the  country,  ale  is  brewed  from  brown 
malt ;  neither  is  it  owing  to  a  larger  quantity  of  hops  being  used  in  making 
porter,  for  the  pale  ale,  which  is  eiported  in  large  quanlilies  from  this  country 
to  India,  contams  a  larger  proportion  of  hops  than  the  porter  exported  to  the 
same  place  ;  neither  will  a  difference  in  the  proportions  of  the  molt  to  tho 
water  accotmt  for  it,  since  some  ales  are  stronger,  and  othen  weaker,  than 
porter.  It  is  also  sin^lar  that,  although  capital  ale  may  be  brewed  in  private 
families,  few  persons  but  the  London  brewers,  who  have  very  large  establish- 
ments, can  make  good  porter.  Although  the  venous  cause*  we  have  just 
noticed  may  have  some  effect,  we  imagine  that  the  difference  is  principally 
caused  by  the  addition  of  certain  ingredienta  to  the  worts  during  the  process  of 
fermentation.  This  practice,  although  not  openly  avowed,  is,  nevertheless,  well 
known  to  be  pretty  general ;  and  it  is  also  certain  that  some  of  these  additional 
mgredients  ore  of  a  very  noxious  and  unwholesome  description.  For  tbe  procss* 
of  making  beer,  see  Bbewino. 

BEER  MACHINE.  An  ingenious  contrivance,  of  comparatively  recent 
introduction,  for  drawing  beer  firom  diflerent  casks,  situated  in  an  apartment  or 
cellar  beneath,  without  descending  for  that  purpose;  by  which  means  mucb 
trouble  and  ercat  waste  of  liquor  is  avoided.  The  macbine  consists  of  three 
or  four  imalTlift  and  force  pumps,  firmly  bedded  in  two  blocks  of  wood,  and 
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inclosed  in  a  handsome  mahogany  case.  To  the  lower  end  of  each  pump  is 
attached  a  suction  pipe,  which  is  inserted  in  a  cask  of  heer,  (each  pump  being 
employed  to  draw  a  particular  auality  of  beer,)  and  from  the  upper  end  of  the 
pump  proceeds  a  pipe  connected  to  a  nozzle  in  front  of  the  case  of  the  machine. 
The  piston  rod  passes  through  a  small  stuffing  box  on  the  cover  of  the  barrel, 
and  tnrough  a  guide,  by  which  its  parallel  movement  is  secured;  and  it  is  con- 
nected by  slings  to  a  bent  lever,  by  which  it  is  worked.  This  lever  consists  of 
a  short  arm,  to  which  the  slings  are  attached,  and  stands  at  an  angle  of  about 
130o  with  the  long  arm  or  handle,  which  works  through  a  slit  in  the  semicircular 
head  of  the  case.  A  small  cistern  of  white  metal  is  fitted  to  the  case  beneath 
the  nozzles,  and  from  it  a  pipe  conveys  the  drippings  to  the  waste-butt 

BELL.  A  hollow  vessel  of  metal,  formed  to  produce  a  sound  by  the  act  of 
striking  it  The  principal  uses  to  which  bells  are  applied,  are  to  sound  the 
hours,  and  to  summon  persons  frt>m  a  distance.  The  forms  of  bells  vary  con- 
siderably, some  being  segments  of  spheres,  others  truncated  cones,  but  the  most 
common  form  is  that  in  which  the  sides  diminish  in  a  cur\'e  line  from  the  base 
to  the  upper  edge,  the  crown  being  slightly  convex.  The  use  of  bells  is 
very  ancient  and  extensive,  as  they  were  to  be  found  amount  Jews,  Greeks, 
Romans,  Christians,  and  Heathens,  variously  employed.  Theu:  first  application 
to  ecclesiastical  purposes  is  said  to  have  been  about  the  year  400,  and  in  the 
dty  of  Nola.  In  Britain,  hells  were  used  in  churches  before  the  close  of  the 
seventh  century.  Abroad  are  bells  of  dimensions  greatly  exceeding  any  to  be 
met  with  in  tms  country.  At  Rouen,  in  Norman^,  was  a  hell  said  to  weigh 
36,000  lbs.  At  Erfurth  is  one  weighing  28,200 lbs.;  its  penphei^  is  14| 
ells,  and  its  height,  4f  ells.  In  the  diurcn  of  St  Ivan,  at  Moscow,  is  a  bell 
weighing  127,836 lbs.;  but  the  largest  bell  in  the  known  world,  is  ihe  unsus- 
pended  bell  in  the  Kremlin  of  that  city.  It  is  computed  to  weigh  443,772  lbs. 
In  England,  the  largest  is  '*  Great  Tom,"  of  Christ  Church,  Oxford,  weighing 
17,000  lbs. ;  the  great  bell  of  Lincoln  weighs  9,894,  and  that  of  St.  Paul's, 
8,400  lbs. 

BELL,  DIVING.    See  Diving  Afparatus. 

BELLOWS.  An  instrument  for  directing  a  current  of  air  against  burning 
fuel,  to  increase  the  combustion.  The  ordinary  bellows,  for  domestic  use,  are  so 
well  known,  as  scarcely  to  require  description,  consisting  merely  of  two  flat 
boards,  united  by  a  sort  of  hinge  joint,  and  having  a  piece  of  leather,  (broad  in 
ihe  middle,  and  narrow  at  the  two  ends,)  nailed  round  the  sides  of  the  boards, 
to  allow  them  to  separate  or  move  through  a  small  angle.  In  the  lower  board 
is  a  hole,  through  which  the  air  enters,  upon  raising  the  upper  board ;  but  being 
prevented  fr^m  escaping  on  pressing  down  the  upper,  by  a  leather  flap  valve, 
which  covers  the  hole,  it  is  forced  through  a  pipe  or  nozade  ntted  at  the  junction  of 
the  boards,  and  having  a  small  valve  behind  it,  opening  outwards.  For  bellows 
for  manufacturing  purposes,  see  Blowing  Machines. 

•BEN,  Oil  op.  This  is  obtained  frx)m  the  ben  nut  by  simple  pressure.  It  is 
remarkable  for  its  not  growing  rancid  in  keeping,  or  at  least  not  until  it  has 
stood  for  a  number  of  years;  and  on  this  account  it  is  used  in  extracting  the 
aromatic  principle  of  such  odoriferous  flowers  as  yield  little  or  no  essential  oil 
in  distillation. 

BENZOIC  ACID.  An  acid  commonly  obtained  from  benzoin,  although  it 
exists  in  various  substances,  as  vegetable  balsams,  cinnamon,  the  urine  of  horses, 
cows,  &c  It  is  usually  procured  from  benzoin,  either  by  sublimation,  or  by 
digesting  the  nowdered  benzoin  in  lime  water,  and  afterwards  separating  the 
lime  by  the  addition  of  muriatic  acid.  It  crystallizes  in  fine  silky  nlaments,  of 
a  white  and  shining  appearance,  and  of  a  spec.  grav.  of  0.667;  it  is  soluble 
in  sulphuric  and  nitric  acids,  alcohol,  oils,  ana  tallow,  but  is  only  slightly  soluble 
in  water.     It  unites  easily  with  the  earthy  and  alkaline  bases. 

BENZOIN,  or  BENJAMIN.  A  resm  which  exudes  from  incisions  made 
in  a  certain  species  of  tree  growing  in  the  East  Indies,  particularly  Siam,  and 
the  island  of  Sumatra.  This  resin  is  moderately  hard  and  brittle,  and  yields  an 
aereeable  smell  when  rubbed  or  warmed.  It  is  totally  soluble  in  alcohol,  from 
wnich,  like  odier  resins,  it  may  be  precipitated  by  the  addition  of  water. 
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BERTL.  A  precious  mineral,  commonly  green,  but  of  varioui  ihades,  pass- 
ing into  honey  yellow  and  sky  blue.  Its  spec.  grav.  is  2.7.  It  differs  from 
emerald  in  hardness  and  colour.  It  has  been  called  aoua  marine,  and  greenish 
yellow  emerald.    It  is  electric  by  friction,  and  not  by  heat 

BEVIL.  An  instrument  for  measuring  and  transferruig  the  angle  formed 
by  two  surfbces ;  it  consists  merely  of  two  straight  legs,  turning  upon  a  com- 
mon centre,  and  is  used  by  the  two  limbs  coinciding  wiUi  the  surfaces  where  an 
angle  is  to  be  ascertained.  The  annexed  engraving  represents  an  instrument 
by  which  curved  surfaces  may  be  gauged,  or  the  curve  transferred  to  any  kind 


of  work,  or  to  paper,  a  and  b  Fig.  1,  are  two  rulers  connected  together  by  a  cir- 
cular joint ;  e  is  an  arch  of  brass  fixed  to  6,  and  sliding  through  a  mortise  or 
slit  in  a,  to  which  it  is  fastened  at  pleasure,  at  any  required  angle,  by  means  of 
the  screw  in  a  pressing  upon  it.  The  rule  a  has  six  or  more  square  mortises 
made  through  it,  (shewn  in  section  in  the  drawing,)  in  which  are  placed  as 
many  nuts  moving  on  pivots ;  each  of  these  nuts  is  tapped  to  receive  a  long 
screw  (as  at/)  working  within  them ;  and  each  of  the  long  screws  is  fixed  at 
one  end  to  a  flexible  steel  blade,  e  e,  by  means  of  a  kind  of  swivel  joint  which 
admits  of  the  screw  turning  round  in  it  without  advancing,  and  allows  it  to 
press  either  direct  or  aslant.  Consequently,  when  the  opposite  ends  of  the 
screws  are  turned  by  the  thumb  and  forefinger,  the  steel  blade  is  pressed  out  so 
as  to  adapt  itself  to  any  given  curve ;  and  being  thereby  fixed  in  the  same 
position,  the  curved  line  can  be  transferred  therefrom  to  any  kind  of  work, 
or  on  to  paper.  /^.  2  shews  a  contrivance  for  drawing  the  radii  of  wheels 
with  great  expedition ;  it  is  formed  of  a  slip  of  thin  brass,  and  the  central 
hole  must  be  in  the  line  o  o;  if  now  a  needle  point  passing  through  the 
hole  be  inserted  in  the  centre  of  the  circle  representing  the  wheel,  the  radii 
may  be  drawn  with  great  facility  and  exactness  along  either  of  the  lines  o  o, 
to  die  different  points  or  degrees  previously  marked  upon  the  circumference. 

BINNACLE.  A  small  case,  in  which  is  placed  the  compass- box.  It  is  fixed 
to  the  deck  in  front  of  the  steersman,  and  is  furnished  with  glazed  apertures  to 
admit  light  upon  the  compass,  and  exclude  rain  in  the  day,  and  at  night  is 
lighted  up  by  a  lamp  placed  within  it.    These  lamps  are  variously  constructed ; 
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sometimes  a  hole  is  cut  through  the  deck  immediately  below  the  compaii, 
and  a  lamp  is  so  placed  as  to  give  light  to  the  compaas  and  the  cabin  also ;  in 
this  case  toe  card  of  the  compass  ib  formed  of  a  semi-transparent  material 

BINOCULAR  TELESCOPE,  is  a  telescope  to  which  both  eyes  may  be 
applied  at  once,  and  consequently,  the  same  object  obaerved  at  the  same  time 
with  both.    It  consists  of  two  tubes,  with  two  sets  of  glasses,  of  the  same 

Eower,  and  adjusted  to  the  same  aids,  which  has  been  said  to  exhibit  objects 
irger  and  more  distinct  than  a  single  or  monocular  glass.    There  are  also 
microscopes  of  the  same  construction,  but  they  are  Teiy  seldom  used. 

BIRD-LIME.  The  best  bird-lime  is  made  of  the  middle  bark  of  the  holly, 
boiled  seven  or  eight  hours  in  water,  and,  when  soft,  it  is  laid  in  pits  in  the 
ground,  and  covered  with  stones,  and  left  to  ferment  till  it  is  reduced  to  a  kind 
of  mucilage.  It  is  afterwards  kneaded  till  it  is  freed  from  extraneous  matter, 
and  then  washed  in  a  running  stream  till  no  impurities  appear.  In  this  state  it 
is  left  foiur  or  five  days  in  earthen  vessels  to  ferment  and  purify  itself,  when  it 
is  fit  for  use.  It  may  likewise  be  obtained  from  the  misletoe,  younc  shoots  of 
elder,  and  other  vegetable  substances.  It  is  sometimes  adulterated  with  tuipen- 
tine,  oil,  vinegar,  and  other  matters.  Good  bird-lime  is  of  a  greenish  cokur, 
and  sour  flavour ;  gluey,  stringy,  and  tenacious ;  and,  in  smell,  resembling  lin- 
seed oil. 

BISCUIT.    A  species  of  unleavened  bread.    There  are  several  sorts  of  bis- 
cuit, each  having  a  distinguishing  name ;  but  the  most  important,  from  its  vety 
great  consumption,  is  the  sea  biscuit,  destined  for  the  use  of  shipping.     A  new 
baking  establishment  bavins  been  recently  formed  at  the  Royal  Clarence  Vic- 
tualling Establishment,  at  Weevil,  near  Portsmouth,  upon  a  scale  of  magnitude 
nearly  sufficient  to  supply  the  whole  royal  navy  with  biscuit,  and  that  of  a  very 
superior  description,  the  rollowing  account,  taken  from  the  United  Service  Jcumal 
will,  we  trust,  be  acceptable  to  our  readers.  *'  It  having  been  discovered  that  the 
flour  supplied  toffovemmentby  contract  had,  in  many  instances,  been  most  shame- 
frilly  aaulterate^  the  com  is  ^und  at  mills  comprised  within  the  establish- 
ment, and  by  which  means  the  introduction  of  improper  inrndients  is  prevented, 
and  precisely  the  proportion  of  bran  which  is  requisite  m  the  comptsition  of 
good  sea-biscuit  is  retained,  and  no  more.    The  flour-mill  is  furnished  with  10 
pair  of  stones,  by  which  40  bushels  of  flour  may  be  ground  and  dressed,  ready  for 
baking,  in  an  hour.  The  baking  establishment  consists  of  9  ovens,  each  IS  feet 
long  by  1 1  feet  wide,  and  17i  inches  in  height  These  are  each  heated  by  sepa- 
rate ftunaces,  so  constructed,  that  a  blast  of  hot  air  and  fire  sweeps  through 
them,  and  gives  to  the  interior  the  requisite  dose  of  heat  in  an  incredibly  short 
space  of  time.    The  first  operation  in  making  the  biscuits  consists  in  mixing 
tne  flour,  or  rather  meal  and  water ;  13  gallons  of  water  are  first  introducea 
into  a  trough,  and  then  a  sack  of  the  meal,  weighing  280  lbs.    When  the  whole 
has  been  poured  in  by  a  channel  communicatmg  with  an  upper  room,  a  bell 
rings,  and  the  trough  is  closed.    An  apparatus,  consisting  of  two  sets  of  what 
are  called  knives,  each  set  ten  in  number,  are  then  made  to  revolve  amongst 
the  flour  and  water  by  means  of  machinerv.  This  mixing  lasts  one  minute  and 
a  half,  during  which  time  the  double  set  of  knives,  or  stirrers,  make  twenty-tix 
revolutions.   The  next  process  is  to  cast  the  lumps  of  dough  under  what  are  oaQed 
the  breakmg^roSere — ^huge  cylinders  of  iron  weighing  14  cwt  each,  and  moved 
horizontally  by  the  machinery  along  stout  tables.  The  dough  is  thus  formed  into 
large  rude  masses,  6  feet  long,  by  3  feet  broad,  and  several  inches  thick.    At 
this  stage  of  the  business  the  kneading  is  still  veiy  imperfect,  and  traces  of  dry 
flour  may  still  be  detected.    These  great  masses  of  dough  are  now  drawn  oui 
and  cut  into  a  number  of  smaller  masses  about  a  foot  and  a  half  long  by  a  foot 
wide,  and  again  thrust  under  the  rollers,  which  is  repeated  until  the  mixture  is 
so  complete  that  not  the  slightest  trace  of  any  inequality  is  discoverable  in  any 
part  of  the  mass.    It  should  have  been  stated  that  two  workmen  stand  one  at 
each  side  of  the  rollers,  and  as  the  dough  is  flattened  out,  they  fold  it  up,  or 
double  one  part  upon  another,  so  that  the  roller,  at  its  next  passage,  squeezes 
these  parts  together,  and  forces  them  to  mix.  The  dough  is  next  cut  into  small 
portions,   and  being  placed  upon  large  fiat  boards,  is,  by  the  agency  of 


BIT.  167 

machinery,  conveyed  from  tlie  centre  to  the  extremity  of  the  baking-room. 
Here  it  is  received  by  a  workman,  who  nlaces  it  mider  what  is  called  the  sheet- 
roBer,  but  which,  for  size,  colour,  and  thickness,  more  nearly  resembles  a 
blanket  The  kneading  is  thus  complete,  and  the  dough  only  requires  to  be 
cut  into  biscuits  before  it  is  committed  to  the  oven.  The  cutting  is  effected  by 
what  is  called  the  cutting-plate,  consisting  of  a  net-work  of  52  sharp  edged 
hexagonal  frames,  each  as  tme  as  a  biscuit.  This  frame  is  moved  slowlv  up 
and  down  by  machinery,  and  the  workman  watohing  his  opportunity,  slides 
under  it  the  above  described  blanket  of  dough,  which  is  about  the  size  of  the 
leaf  of  a  dining-table ;  and  the  cutting^frame,  in  its  descent,  indents  the  sheet, 
but  does  not  actually  cut  it  through,  but  leaves  sufficient  substance  to  enable 
the  workman  at  the  mouth  of  the  oven  to  jerk  the  whole  mass  of  biscuits,  un- 
broken, into  the  oven.  The  dough  is  prevented  sticking  to  the  cutting-frame,  by 
the  following  ingenious  device ;  between  each  of  the  cutter  frames  is  a  small 
flat  open  frame,  movable  up  and  down,  and  loaded  with  an  iron  ball,  weighing 
several  ounces.  When  the  great  frame  comes  down  upon  the  dough,  and  cuts 
out  52  biscuits,  each  of  these  minor  frames  yield  to  the  pressure,  and  are  raised 
up ;  but  as  soon  as  the  great  frtune  rises,  the  weight  of  tne  balls  acting  upon  the 
little  frames  thrusts  the  whole  blanket  off,  and  allows  the  workman  to  pull  it 
out  One  quarter  of  an  hour  is  sufficient  to  bake  the  biscuit,  which  is  after- 
wards  placed  for  three  days  in  a  drying  room,  heated  to  85^,  or  90<>,  which 
completes  the  process.*'  The  following  statement  of  the  performance  of  the 
machinery  it  taken  from  actual  experiment :  in  1 16  days,  durmg  68  of  which  the 
work  was  continued  for  only  7|  hours,  and  during  48,  fur  only  5{  hours  each  day, 
in  all  769  working  hours,  equid  to  77  days  of  10  hours  each,  the  following  quan- 
tify of  biscuit  was  baked  in  the  9  ovens ;  viz.  12,307  cwt.=l ,378,400  lbs.  The 
wages  of  the  men  employed  in  baking  this  quantity  amounted  to  273/L  10«.  9|^. ; 
if  it  had  been  made  by  band  the  wages  would  have  been  933/!.  5#.  lOd  ;  saving 
in  the  wages  of  labour,  659/.  7»,  OicL  In  this  is  not  included  any  part  of  the 
interest  of  the  sum  laid  out  upon  the  machine,  or  expended  in  seeping  it  in 
order.  But  in  a  very  few  vears,  at  such  an  immense  rate  of  saving,  the  cost  of 
the  engine  and  other  machinery  would  be  repaid.  This  admirable  apparatus 
is  the  invention  of  T.  T.  Grant,  Esq.  Storekeeper  of  the  Royal  Clarence  Vic- 
tualling Establishment,  who,  we  believe,  has  been  rewarded  by  a  grant  of  2,000/. 
from  Government 

BISMUTH.  A  brittle  metel,  of  a  yellowish  white  colour ;  it  is  somewhat 
harder  than  lead,  and  melts  at  480<>  Fahr.  Ui]ged  by  a  strong  heat  in  a  close 
vessel,  it  sublimes  entire,  and  crystallizes  very  distmcUy  when  gradually  cooled. 
Bismuth  unites  with  most  metellic  substances,  and  renders  them,  in  general, 
more  friaible.  8  parts  of  bismuth,  5  of  lead,  and  3  of  tin,  form  what  is  called 
fusible  metal,  which  melts  in  boiling  water.  Bismuth  is  used  in  the  composition 
of  pewter,  in  the  fabrication  of  printers'  types,  and,  combined  with  lead  and  tin, 
forma  j^umbers'  solder. 

BISTOURY,  in  Surgery,  an  instrument  for  making  incisions,  of  which  there 
are  different  kinds,  some  straight  and  fixed  in  a  handle  like  a  knife ;  some  are 
of  the  form  of  a  lance,  while  others  are  crooked,  with  the  sharp  edge  on  the 
inside. 

BISTRE.  A  brown  pigment,  consisting  of  the  finest  part  of  wood-soot,  pul- 
verized, and  passed  through  a  fine  sieve,  then  mixed  with  a  little  gum-water, 
made  into  cakes,  and  baked.  It  is  a  fine  transparent  colour,  and  has  much  the 
same  effect  in  water-painting,  where  alone  it  is  used,  as  brown  pink  in  oil. 
The  bnt  is  prepared  from  &y  beech  wood,  by  grinding  it  with  water  into  a 
smooth  paste,  then  diluting  it  with  more  water.  After  the  grosser  liquor  has 
subsided,  the  liquor  is  poured  off,  and  left  to  settle  for  a  few  days;  the  fine 
matter  that  remains  is  tne  bistre. 

BIT.  The  iron  which  is  put  into  a  horse's  mouth,  and  to  which  the  bridle 
is  attached.  There  are  various  descriptions  of  bits,  but  they  may  all  be  ranged 
under  two  heads,  the  snaffle  and  the  curb ;  in  the  snaffle,  the  bit  is  formed 
aiigbdy  curved,  and  firequently  jointed  in  the  middle,  and  the  bridle,  or  rein,  is 
attached  to  rings  in  the  extremiUea  of  the  bit    Curb  bits  are  generally  formed 


nhh  a  imBll  aemidrcuUr  bend  in  the  centre  of  the  niontb-pieee,  and  with  unit 
or  cheek-piece*  fonned  at  the  endi  of  the  mouth-piece.  To  the  upper  part  of 
the  cheek-pieceg  ii  hooked  a  chain  jwating  under  the  lover  jaw  or  the  bone, 
and  to  the  lower  end  of  the  cheek-piece*  a  attached  the  rein,  by  pulling  which, 
the  upper  end*  of  the  cheek-piece  are  thrown  forward,  and  the  curb  chain 
pressed  forcibly  aeainal  the  lower  jaw.  Curb  bit*  ore  lery  powerful  in  checking 
a  hone,  from  the  leverage  uffordea  by  the  cheek-piece,  but  they  tend  great);  to 
injure  the  mouth,  and  cause  much  uneasineu  to  the  animaL  Mr.  George 
Di^gles,of  WeatininBter,  took  out  a  patent,  some  year*  back,  which,  forordiuaiy 
riding  or  driving,  ii  attended  with  no  more  iniurj'  ™  ii^i-ii""  •«  ik-  )..,_.'. 
"      '    '     '  ■  \  when 


•r  iiritatioQ  to  the  horw  i 


ouUi  ihaa  die  ordinan  tnaffle,  but  which,  wlien  occaiion  requires,  batantly 
acta  a*  a  very  powerful  curb.     This  effect  is  obtained  by  means  of  a  sliding 

fiece,  with  a  ring  attached  to  each  cheek  of  the  bit,  tu  which  ring  the  rein  or 
ridle  is  connected  in  the  usual  way  ;  and  when  it  is  found  neceuarr  to  exert  a 
considerable  force  in  curbing  the  horse,  the  pulling  of  the  rein  will  draw  the 
slider  toward*  the  bottom  of  the  cheek,  thiu  lengthening  the  lever  so  consider- 
ably that  the  hone  is  atrsited  by  an  irredstible  power.  The  annexed.  Fig.  1, 
represents  a  side  view  of  the  improved  bit,  applied  to  a  horse'l  head,  and  in 
the  ordinary  position,  when  riding  or  driving;  ue  dotted  line*  *how  the  poution 
of  llie  ports  when  the  rein  is  puUrd  with  umndcnbla  ftnea.  Rg,  2  give*  a 
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fl«nt  view  of  the  improred  oit  a  i*  the  riding  or  driving  rein  attached  to  the 
rin^  b,  which  instead  of  being  fixed  to  tome  particnlar  part  of  (be  bit,  a*  in  the 
ordiniirv  bit,  i*  attached  to  a  aliding  piece  e.  A  convoluted  spring  d  acts  upon 
this  sliding  piece,  and  keeps  it  and  the  ring  (  up  to  that  part  of  the  cheek 
which  is  near  the  mouth-piece,  Ih.  2,  where  the  leverage  being  small,  the 
riding  or  driving  rein  will  act  in  the  ordinary  manner ;  hit  when  it  becime* 
necessary  to  exert  an  extraordinary  power  upon  the  horte'*  mouth,  the  rein  a 
is  forcibly  puUed  back,  by  which  the  cheek  of  the  bit  is  moved  out  of  it*  per- 
pendicular position,  and  the  sliding  piece  t,  with  the  ring,  slides  downwards 
towards  the  lower  part  of  the  cheek,  u  shewn  by  the  dotted  lines.  To  prevent 
the  ring  and  slider  from  being  drawn  too  low,  a  stop  is  placed  on  the  bit  at  e 
for  a  riding  bit,  but  for  a  driving  bit,  the  bar  at  the  bottom  of  the  hit,  as  seen 
at/  answers  the  purpose.  When  (he  tension  of  the  rein  i*  relaxed,  the  elMlte 
fbree  of  the  spring  draws  up  the  sliding  piece  c,  with  the  ring  h,  and  the  rein  «, 
to  Its  ordinary  place,  u  represented  in  ^  I.  The  cases  ■  i,  which  contain 
the  springs,  are  made  to  slide  up  and  down  in  grooves,  formed  on  opposite  side* 
of  (he  cheeks,  for  the  conveoience  of  tnling,  exchanging,  cleaning,  or  repairing 
the  springs. 
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BITTERN.  The  mother  water  which  remains  after  the  crystaUization  of 
common  salt  m  sea  water,  or  in  the  water  of  salt  spring.  It  abounds  with 
sulphate  and  muriate  of  magnesia,  to  which  its  bitterness  is  owing. 

BITUMEN.  A  term  including  a  considerable  range  of  mineral  substances, 
which  bum  with  flame  in  the  open  air.  They  vary,  in  wmsistency,  from  a  thin 
liquid  to  a  solid;  but  the  solids  are  for  the  most  part  liquifiable  at  a  moderate 
heat    It  also  forms  a  component  part  of  various  substances,  as  jet,  amber,  and 

all  the  varieties  of  pit-coaL  , ,       , 

BLANKET.  A  warm,  woolly  sort  of  stuff;  light  and  loosely  woven,  used  m 
bedding.  The  manufacture  is  chiefly  confined  to  Witney,  in  Oxfordshire,  where 
it  is  the  principal  article  of  trade.  The  excelleut  quality  of  Witnev  blankets 
has  been  attributed  to  the  abstersive  nitrous  water  of  the  river  Windrush, 
wherewith  they  are  scoured.  Blankets  are  made  of  felt  wool,  that  is,  wool  from 
sheep  skins,  which  they  divide  into  several  sorts.  Of  the  head  wool,  and  bay 
woof  they  make  blankets  of  twelve,  eleven,  and  ten  quarters  broad ;  of  the 
ordinaiT  and  middle  sort,  blankets  of  eight  and  seven  quarters  broad;  of  the 
best  tail  wool,  blankets  of  six  quarters  broad,  commonly  called  cuts,  serving  for 

seamen's  hammocks.  .     -      , 

BLASTING.  An  operation  resorted  to  in  mines  and  quarries  for  the  pur- 
pose of  detaching  large  masses  of  earth  or  stones.  The  implements  employed, 
(which  are  few  and  simple,)  are  shown  in  the  engraving.    Fig,  1.  The  sledge 
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hammer,  or  mallet  Fig,  2.  The  borer,  or  chisel.  Ftg.  3.  The  wedges.  Fig, 
4.  The  scraper.  Fig,  5.  The  claying  bar.  Fig,  6.  The  needle.  Fig,  7.  The 
tamping  bar.  Ftg,  8.  The  shovel.  Ftg,  9.  The  fusee  inserted  in  the  charge. 
To  perform  the  operation  of  blasting,  two  men  only  are  requisite.  The  miner's 
judgment  directs  nim  to  tlie  fittest  place  for  the  charge,  and  a  hole  is  bored  or 
cut  in  the  rock,  in  the  following  manner,  to  receive  it  The  borer,  or  chisel,  Fig,  2, 
is  held  bv  one  man,  whilst  the  other  man  strikes  it  with  the  hammer  or  maUet; 
the  man  holding  the  chisel  turning  it  at  every  blow,  so  as  to  cross  the  previous  cut, 
by  which  means  the  stone  is  cliipped  away  by  degrees.  The  boring,  or  cutting, 
is  occasionally  suspended  to  clear  out  the  hole,  which  is  done  by  the  scraper, 
Fig,  4.  When  the  perforation  is  of  the  required  depth,  (which  varies  from  one 
to  three  feet,  the  diameter  being  about  an  inch  and  a  half,)  if  the  hole  be  wet, 
some  touA:h  dry  clay  is  introduced,  and  the  claying  bar,  Fig.bi  is  driven  in  with 
great  violence,  by  which  means  the  day  is  forced  into  all  the  crevices,  absorb- 
ing the  moisture,  and  preventing  the  entrance  of  more;  on  withdrawing  the 
dajring^bar,  the  hole  is  left  dry,  and  of  a  smooth  uniform  surface,  which  adapts 
it  for  receiving  the  charge.  This  consists  of  gunpowder  alone,  or  mixed  with 
some  quicklime,  (which  it  is  said  increases  the  force  of  the  explosion) ;  it  is 
inclosed  in  paper  as  a  common  cartridge,  to  fit  the  bore ;  but  in  very  wet  situa- 
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tions,  a  tin  ease  b  sometiinei  uied  to  contain  it  The  Charge  being  now  intro- 
duced, and  thrust  to  the  bottom  of  the  hole  by  meant  of  a  thin  tapering  copper  rod 
called  the  needle,  Fia,  6,  which  it  alto  driven  down  with  the  chaige.  llie  next 
operation  ia  to  exdude  ae  much  of  the  air  aa  pofrible,  by  reducing  the  siae  of 
the  vent ;  for  this  purpose,  the  tamping  bar,  Fig.  7,  is  employed  in  ramming 
round  the  needle  some  yielding  yet  compact  substance,  so  that  when  the  needle 
is  withdrawn,  a  very  small  vent  or  touch-hole  remains.  Into  thu  perforation  is 
dropped  a  ftuee,  or  rush,  charged  with  powder,  on  the  top  of  which  is  fixed  a 
*'  snuft,"  as  it  is  called,  or  some  other  contrivance,  so  adjusted  as  to  bum  a  suffi- 
cient time  to  permit  the  man  who  fires  it  to  retreat  to  a  proper  distance.  Pre- 
vious to  firine,  it  is  usual  to  give  notice  to  all  persons  in  the  immediate 
neighbourhood  by  blowing  a  hom  or  ringui^  a  bell,  that  they  may  have  Uie 
opportunihr  of  retiring  to  some  place  of  secunty. 

BLEACHING.  The  art  or  fireeing  cloths  and  various  other  substances 
from  their  natural  brown  or  dusky  tinge,  and  rendering  them  perfectly  white. 
The  most  ancient,  and  at  one  time  the  only  known,  method  of  bleaching  linen, 
or  cotton  cloths,  consists  in  firequently  wetting  them,  and  exposing  them  upon 
the  grass  to  the  ravs  of  the  sun ;  the  powerful  action  of  which  in  the  destruction 
of  colours  IS  well  known.  This  process,  which  is  distinguished  by  the  term  of 
"  Grass  bleaching,"  has,  however,  been  neariy  superseded  b^  another  termed 
"  Gas,  or  Chemi^  bleaching,"  founded  upon  one  of  those  bnlliant  and  useful 
discoveries,  by  which  modem  chemical  science  has  so  honourably  distinguished 
itself,  and  rendered  such  service  to  the  arts  of  life.  Before  proceeding  to 
describe  the  new,  (and  now  the  ordinary  process,)  we  shall  give  a  brief  descrip- 
tion of  the  method  of  grass  bleaching,  as,  although  not  generally  practised,  it  is 
still  in  use  in  some  parts.  The  details  of  the  process  vary  of  course  with  the 
nature  of  the  goods ;  but  the  following  is  the  process  for  bleaching  flax-yam, 
which  constitutes  an  important  branch  of  business.  The  first  operation,  called 
sleepmg,  consists  in  immersing  the  brown  yam  in  hot  water,  or  in  allowing  it 
to  macerate  in  cold  water,  or  m  alkaline  lev.  This  occasions  a  kind  of  fermen- 
tation, which  loosens  the  saliva  emplovea  in  spinning  the  yam,  and  so  fiir 
separates  the  other  impurities  attacnea  to  it,  tnat  the  whote  may  be  easily 
removed  by  washing  in  river  or  sprint  water.  The  next  operation  is  that  of 
htckmjff  or  boiling  in  an  alkaline  lye,  after  which  the  skeins  are  esnioeed  on  the 
grass,  fbr  two  or  Uuree  weeks,  which  latter  operation  is  called  crofiing.  These 
alternate  operations  of  buckinff,  washinff,  and  crofting,  are  ffencrally  repeated 
foiur  or  five  times,  each  time  lessening  Sie  strength  of  the  a&aline  solution  in 
which  the  bucking  was  performed.  The  next  process  is  that  of  teowrma,  which, 
as  more  anciently  practised,  consisted  in  soakmg  the  yam  in  milk,  which  had 
become  acidulous  by  age,  which  was  usually  employed,  for  the  first  time, 
immediately  after  the  fourth  or  fifth  bucking.  In  tnis  liquor,  which  was  tech- 
nicalljT  called  the  first  sour,  the  goods  generallv  lay  for  three  weeks,  or  until 
such  time  as  the  scum  b^an  to  crack  and  subside,  when  they  were  usually 
taken  out  and  submitted  to  a  repetition  of  the  processes  already  described.  Thus, 
whenever  the  goods  had  been  once  soured,  the  operations  of  bucking,  washing, 
soourinff^  and  crofting,  were  repeated  in  regular  rotation,  until  the  ]|ram  came  to  a 
good  colour,  and  was  esteemed  perfectly  dear.  These  tedious  operations  have  been 
much  shortened  by  substituting  very  ulute  sulphuric  add  for  the  sour  milk.  This 
improvement  (suggested  by  Dr.  Home,)  so  much  accelerated  the  process,  that  one 
souring  by  sulphunc  add  may  be  performed  in  firom  12  to  24  hours ;  whilst  every 
souring  by  the  milk  process  required  ftom.  two  to  six  weeks;  and  the  whole  process 
mav  by  this  means  be  completed  in  four  months,  which  before  required  seven  or 
eignt  months.  We  shall  now  proceed  to  give  a  slight  history  ana  descr^tion  of 
the  new  system  of  bleaching,  founded  upon  the  property  which  chlonne  pos- 
sesses, of  rapidly  destroying  vegetable  colours.  By  this  system,  (which  fur- 
nishes one  of  the  most  beautifiu  illustrations  of  the  immense  benefits  which 
science  may  render  to  the  usefid  arts,)  the  practice  of  bleaching  is  con- 
ducted with  a  degree  of  precision  before  unknown,  and  with  the  most  surpri- 
sing expedition.  For  the  discovery  of  chlorine,  we  are  indebted  to  Scheele, 
who,  in  the  year  1774,  first  formed  it  by  art,  and  afterwards  ascertained  its 
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powers  in  destroying  Te|^table  colours.  Bat  the  first  person  who  made  experi- 
ments upon  this  gas,  with  a  view  to  its  application  in  the  arts,  was  Mr.  Ber- 
thollet,  who^  in  the  Journal  de  Pk^ftique,  for  June,  1785,  and  again  in  the 
number  for  August,  1786,  explained  the  nature  of  its  action  on  vegetable 
colours,  and  suggested  how  it  mi^t  be  applied  with  advantage  to  the  process 
of  bleaehine.  xhe  subject  soon  attracted  the  attention  of  various  scientific 
persons  and  entennrising  manufacturers,  and  numerous  establishments  were 
formed,  in  which  the  process  of  Berthdllet  (modified  by  subsequent  discoveries,) 
was  adopted.  Amongst  the  first  to  introduce  and  perfect  the  new  process  in 
this  country,  were  Professor  Conland,  the  celebrated  Watt,  and  Mr.  Henry,  of 
Manchester.  Mr.  Watt^  so  early  as  1787,  had  introduced  it  in  the  bleaching 
field  of  Mr.  Macgregor,  at  Glasgow ;  and  m  his  first  attempt,  he  bleached 
500  pieces  of  doui ;  and  Mr.  Heniv,  in  the  year  1788,  published  an  account  of 
the  process,  as  practised  by  himself  which  account  comprehends  every  thing  at 
this  time  known  respecting  the  use  of  chlorine  gas  in  bleaching,  excepting  the 
condensation  of  the  gas,  by  means  of  lime.  At  the  first  introduction  of  the  new 
process,  the  chlorine  was  employed  in  the  state  of  gas,  but  this  method  was 
found  to  be  attended  with  many  inconveniences ;  the  fumes  occasioning  consi- 
derable annoyance  to  the  workmen,  and  the  tnture  of  the  doth  being  frequently 
mjured  by  the  too  great  eneigy  of  the  gas.  It  was  also  found  extremely  difli- 
cult  to  expose  all  the  surfaces  equally  to  its  action,  without  which  no  perfect 
bleachinff  can  ever  be  effected.  The  first  remedy  for  these  inconveniences 
consistedin  condensing  the  gas  in  water,  and  subsequently  in  a  solution  of  potash, 
which  imbibed  the  gas  more  readily  than  water  alone,  and  formed  a  more 
concentrated  liquor.  This  latter  process  was  invented  by  some  manufacturers 
at  Javelle,  whence  the  liquid  was  named — **  Liquer  de  Javelle" 

In  the  year  1798,  Mr.  Tennant,  of  Glasgow,  took  out  a  patent  for  a  new 
Ueadung  liquor,  which  consisted  of  a  solution  of  chlorine  of  lime,  instead  of 
oxymuriate  of  potash,  which,  besides  being  equally  efficacious  with  the  former  for 
general  purposes,  has  the  advantage  of  being  much  cheaper.  It  is  not,  however, 
applicable  where  cottons  are  subsequently  to  be  dyed  with  madder :  for  bleach- 
ing ti^ese,  the  oxymuriates  of  jKitash  or  soda  must  be  employed.  The  peculiar 
advantages  of  combining  chlorine  with  lime,  or  the  alkahes,  consists  in  the  cir- 
cumstance that  the  saline  solution  gives  out  the  gas  gradually  to  the  eoods  which 
require  bleaching,  but  does  not  part  with  it  to  the  atmosphere  with  the  same 
facility.  In  consequence  of  this,  the  operation  of  bleaching  is  now  not  inju- 
rious, nor  even  very  disagreeable,  to  the  workmen;  whereas,  in  the  former 
process,  when  the  gas  was  merely  received  into  water,  it  was  so  freely  given  out 
again  that  no  man  could  long  endure  to  work  in  it,  or  even,  for  any  consider- 
able time,  to  superintend  the  operations.  This  advantage  of  the  new  process 
more  than  compensates  for  the  diminution  of  the  bleachmg  power  of  chlorine, 
which  results  m>m  the  aforesaid  combinations.  Mr.  Tennant's  patent  for  the 
liquid  chloride  of  lime  was  afterwards  set  aside ;  but  he  subseouently  obtained  a 
patent  for  combining  chlorine  with  lime  in  the  dry  state.  This  is  a  most  valuable 
improvement,  the  dry  chloride  being  less  liable  to  decomposition  than  the  h'quid, 
and  being  so  much  more  portable,  the  smaller  manu&cturers  find  it  more 
advantageous  to  purchase  the  article  of  those  whose  business  it  is  to  prepare  it, 
than  to  establish  works  for  the  preparation  of  the  article  themselves.  The  fol- 
lowing is  the  process  as  practised  m  bleaching  linen,  or  cotton  cloth,  or  yam. 
The  same  methods  are  followed  as  far  as  the  fourth  or  fifth  bucking,  as 
described  in  the  process  of  grass  bleaching,  only  good  washing  is  substituted 
for  crofting.  The  goods  are  then  immersed  in  a  solution  of  chloride  of  lime, 
or  of  the  cnlorides  of  potash  or  soda,  and  are  then  well  wadied,  by  machinery, 
in  pure  water.  They  are  then  taken  to  the  souring  vessels,  containing  a  portion 
of  very  dilute  sulphuric  acid,  and  when  taken  out  of  these  vessels,  are  agaii 
well  washed  in  water ;  and,  lastly,  they  are  submitted  once  more  to  Uie  alkaline 
process  already  described.  Linen  goods  require,  at  least,  three  immersions  in 
the  solution  of  chloride  of  lime,  followed  by  an  equal  number  of  alternate 
immersions  in  the  sours  and  in  the  alkaline  solutions,  carefully  and  thoroughly 
washing  them  in  pure  water  between  each  of  these  processes.  Cottons,  however. 
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require  fewer  immersions  in  the  bleacbing  liquor,  which  may  likewise  be 
more  diluted  with  water  for  cottons  than  for  b'nens.  By  this  method  of 
bleaching,  linen  goods  constantly  acquire  a  yellowish  tinge ;  tnis,  however,  is  so 
superficial,  that  mere  ezpoeure  to  the  air  for  a  few  days  eenerally  removes  it 
The  goods  are  thdn  finished  by  boiline  them  for  a  short  tmae  in  a  diluted  solu- 
tion of  pearlash  and  white  soap,  whicn  removes  the  disagreeable  odour  which 
would  otherwise  be  attached  to  articles  bleached  by  this  process.  Cotton  goods 
do  not  reqiure  crofting,  as  the  yellow  tinse,  just  mentioned,  does  not  appear 
in  them  when  finished,  being  removed  by  die  sulphuric  add,  although  this  acid 
will  not  remove  it  horn  Imen  goods.  But  the  routine  just  described,  Mr. 
Parkes  (from  whose  essay  on  Ueaching  much  of  the  jpreceding  account  is 
taken,)  observes,  is  not  sufBcient  for  bleaching  calicoes  mtended  for  the  best 
madder  work.  The  following  outline  of  a  process  adopted  by  a  scientific 
printer  in  Scotland,  for  bleaching  calicoes  for  madder  work,  or  resist  work,  or 
for  pale  blue  dipping,  was  communicated  by  him  to  Mr.  Parkes,  with  an  assur- 
ance that  it  may  be  relied  on.  The  goods,  after  being  singed,  steeped,  and 
squeezed,  by  passing  between  rollers,  are  boiled  four  times,  ten  or  twelve  hours 
each  time,  in  a  solution  of  caustic  potash  of  a  spec.  grav.  ftt)m  1.0127  to  2.0156, 
washing  them  carefully  and  thoroughly  between  each  boiling.  They  are  then 
immersed  in  a  solution  of  the  chloride  of  potash,  originally  of  the  strength  of 
1.00625,  and  afterwards  reduced,  with  twenty-four  times  its  weight  of  watery 
but  as  the  specific  gravity  alone  is  not  a  perfect  guide,  the  bleachmg  power  of 
the  liquid  is  tested  by  a  solution  of  indigo  of  a  known  strength.  In  the  above 
preparation,  the  goods  are  allowed  to  remain  12  hours,  and  are  then,  by  some 
printers,  laid,  whust  wet,  on  the  grass,  and  exposed  to  the  sun  and  weather  for 
two  or  three  days.  From  thence  they  are  removed  to  the  sours,  made  of  the 
spec.  grav.  of  about  1.0254,  at  the  temperature  of  llOo  Fahr. ;  and  after 
lying  five  or  six  hours,  are  taken  to  the  wheel,  and  washed.  The  four  boilings 
in  caustic  potash,  with  the  washings  between  each,  are  then  repeated,  and  the 
goods,  after  being  again  immersed  in  the  diluted  chloride  of  potash,  are  well 
washed  in  pure  water,  and  then  rinced  in  common  sours  for  half  an  hour.  The 
last  process  is  that  of  carefUl  washing  in  dean  water,  after  which  they  are 
immediately  hung  up  in  the  airing  sheds  to  dry  gradually.  Various  articles, 
besides  cloth,  such  as  wax,  paper  which  has  become  mildewed,  &c  are  now 
bleached  by  means  of  chlorine,  either  in  the  state  of  gas,  or  combined  with 
alkalies  or  alkaline  earths.  The  annexed  engraving  represents  the  apparatus 
employed  for  the  preparation  of  chloride  of  potash,  or  soda,  for  the  use  of  calico 
printers,  a  is  the  furnace  for  heating  the  materials  which  furnish  the  chlorine ; 
b  a  cast  iron  vessel  containinfi;  water,  and  forming  a  water  bath  for  the  recep- 
tion of  the  still ;  c  the  body  of  the  still  made  of  lead,  and  the  u[^r  part  sur- 
rounded by  a  deep  cup  d  d  formed  in  one  piece  with  it,  and  containmg  a  portion 
of  water  mto  which  the  head  of  the  still  descends  to  the  depth  of  about  six 
inches,  thus  forming  what  is  termed  a  water-joint,  which  prevents  the  escape  of 
the  gas ;  e  is  the  still  head  descending,  as  we  have  just  stated,  into  the  water ; 
in  the  cup /is  a  bent  funnel,  through  which  the  acid  is  poured  into  the  still ;  g 
an  agitator  for  stirring  the  materials  in  the  still,  working  through  an  air-tight 
aperture ;  and  h  the  eduction  pipe,  by  which  the  eas  passes  into  t,  an  inter- 
mediate vessel,  partly  filled  with  water,  and  desiened  to  arrest  any  uncombined 
muriatic  acid  which  may  occasionally  rise  finom  the  still  during  the  process ;  k  a 
safety  tube ;  and  /  the  pipe  which  conveys  the  gas  into  m,  the  Ifurge  receiver 
made  of  lead,  and  charged  with  the  alkaline  solution ;  n  the  agitator  for  con- 
stantly stirring  the  alkaline  solution ;  this  is  necessary  to  promote  the  absorption 
of  the  gas ;  and,  in  large  works,  the  agitator  is  moved  by  power  from  a  steam- 
engine  ;  o  an  opening  for  filling^  the  receiver,  occasionally  cleaning  it  out,  &c. ; 
p  discharge  cock  for  drawing  on  the  saturated  solution.  The  junction  of  all  the 
various  pipes  and  openings  are  rendered  air-tight  by  water-joints.  At  the  first 
introduction  of  the  new  process,  the  chlorine  was  obtained  by  distilling  muriatic 
acid  upon  the  black  oxide  of  manganese ;  but  it  is  now  procured  in  a  simpler 
and  more  economical  manner,  by  mixing  together  black  oxide  of  manganese, 
common  salt,  and  diluted  sulphuric  acid;    various  proportions  arc  used  by 


diSerent  manubcturen :  Mr.  Teiinant  tecummends  equal  weigbta  of  aalt,  oxide, 
Md  acid,  and  a  quantity  of  water  equal  to  the  mciaure  of  acid.     Silk  aud 


woollen  gooda  being  animal  productionB,  different  proceuea  are  employed  in 
bleaching  them.  The  colouring  jirinciple  of  ailk  being  reainoua,  M.  liaume  liaa 
propoiea  a  priKesa  for  extracting  it  by  digesting  the  ailk  in  alcohol  acidulated  by 
muriatic  acid,  but  the  ordinary  method  of  bleaclitng  ailk  is  tlic  folloKing.  The 
nlk  being  adll  ra<r,  is  inclined  in  a  linen  bog,  aiiif  boiled  in  a  solution  of  soap 
for  two  or  three  hours,  the  bag  being  frequently  turned.  It  ii  then  taken  out 
and  beaten,  and  next  washed  in  cold  water ;  and,  afler  being  slightly  wrung,  it 
is  a  aecond  time  put  into  the  boiler  filled  with  cold  water,  mixed  with  soup  and 
a  tittle  indigo,  which  gives  it  that  bluish  cost  commonly  observed  in  white  silk. 
When  the  lilk  is  taken  out  of  this  aecond  water,  tliey  wring  it  hard  with  t 
wooden  peg  to  ptess  out  all  the  soap  and  water ;  after  which  they  ahake  it  to 
nntwist  it,  and  separate  the  threads.  It  is  then  suspended  in  a  kind  of  stove 
constructed  for  that  purpose,  in  which  aulphur  is  burning,  the  vapour  of  which 

Eires  the  but  degree  of  whiteness  to  the  ailk.  Woollen  cloths  are  sometimca 
leached  by  limply  scouring  them  with  soap  and  water  after  the  operation  of  the 
foiling  mills,  and  sometimes  by  aulphuric  acid  gas,  which  is  effected  as  followa  : — 
The  stuffs  are  first  weU  washed  and  cleansed  in  river  water,  and  then  put  upon 
poles  to  dry.  When  half  dry,  they  are  exposed  to  the  vapour  of  burning  sul- 
phur, or  nUphurouB  acid  gas,  in  a  very  close  stove ;  the  gaa  gradually  adhering  to 
the  surface  of  the  stuff,  renders  it  beautifully  white.  An  improvement  upon  this 
method  is  to  condense  the  sulphurous  acid  in  water,  and  immerse  the  stuffs 
therein;  by  which  means  the  acid  acts  more  eqiudly  over  the  whole  surface, 
than  when  in  the  state  of  gas.  The  gaa  may  also  be  obtained  by  digesting  aul- 
pboric  acid  upon  chopped  straw,  saw-dust,  or  other  earbonaceoua  matter,  in  a 
retort,  and  the  gas  may  be  condensed  by  an  apparatus  similar  to  that  used  for 
eondeiuing  the  chlorine  gas.  High  pressure  steam  has  been  lately  employed 
instead  of  chlorine  for  bleaching  cloth*.  It  b  said  that  this  method  of  bleaching 
has  lone  been  practised  in  the  east,  but  Chaptal  is  the  firtt  writer  who  recom- 
nundedit  to  tlie  European  bleacher ;  and  Mr.  S.  Wright  has  taken  out  a  patent 
in  thia  country  for  an  apparatus  for  washing  and  bleaching  upon  this  principle 
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which  apparatui  u  repreirntad  b  the  uineied  enfrrsving.     The  eoodi  to  ba 
bleached  wo  first  pBcked  closely  into  a  conical  vefwl,  thi      '■  — '  ■  ^  ••      - 
ii  csuied  to  pan  lor  a  whil 


e  fint  packed  cloaely  into  a  conical  Tenel,  through  whicn  the  Meam 
am  ia  then  made  to  force  all  alkaline  aohi- 
lion  through  the  goodi,  to  remove  the  impuritiei  and  colouring  matter  (which 
operation  »  repeated  aa  often  at  mav  be  recesaary)  ;  hot  water  ia  next  im- 
pelled through  the  gooda  to  remove  all  the  alkaline  matter ;  and,  laitly,  (team 
of  a  high  preMure  i«  forced  through  to  »pel  the  water,  by  which  the  gooda 


are  left  innearlyadryatate,  and  perfectly  clean,  a  ii  acopper  renel,  formed  a* 
fi-u^lrum  of  a  cone,  at  the  tower  part  of  which  ia  a  perforated  falae  bottom,  or 
grating,  and  below  thia  the  reel  bottom,  from  which  a  pipe  dcicendi.  Th« 
articles  to  be  operated  upon  having  been  prenoualv  laid  m  water  and  nibbed 
with  aoap,  are  to  be  ctoaely  packed  in  this  veiael,  the  lid  of  which  ia  then 
to  be  acrewed  down  and  rendered  ateani-tigbt  at  the  junction.  In  the  diagnun 
tliia  veaael  is  repreaented  enclosed  m  a  jacket,  to  prevent  the  radiatiott  of  heat ; 
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B  is  a  vessel  (also  of  copper,  as  well  as  the  other  vessels  and  tubes  repre* 
sented),  containing  soap  and  water,  or  the  usual  alkaline  solutions  of  pearl-ash, 
soda,  ^c. ;  C  is  a  pipe  leading  from  a  steam  boiler,  through  which  is  introduced 
steam  at  a  pressure  of  50  lbs.  on  the  inch,  which  is  first  to  be  gradually  admitted 
into  the  apparatus,  by  partially  opening  the  stop-cock  a,  when  it  passes  into  the 
vessel  A,  where  it  is  allowed  to  act  upon  the  eoods  therein  deposited,  for  half 
an  hour ;  after  which  the  cock  a  may  be  completely  opened,  and  the  full  force 
of  the  steam  allowed  to  operate,  first  opening  the  cocks  6,  c,  d,  e,  when  the 
steam  will  pass  up  the  pipe  D  into  the  vessel  B  containing  the  alkaline  solution. 
The  pressure  of  the  steam  upon  the  surface  of  the  liquid  in  this  vessel  will 
now  cause  it  to  descend  through  the  pipe  £  into  the  vessel  A,  and  herein  the 
steam  continuing  to  press,  will  force  tne  alkaline  liquid  through  the  goods,  satu- 
rating eveiy  part,  and  carrying  the  dirt  and  other  impurities  to  the  bottom,  tibe 
liquid  passmg  off  through  the  pipe  F  into  the  receiver  G  imdemeath.    The 
Dressore  of  steam  is  next  employed  to  refill  vessel  B  with  the  discharged  alkaline 
uquor ;  for  this  purpose  the  cocks  i,  e,  d^  e,  are  to  be  closed,  and  the  cocks  / 
and  ^,  to  be  opened ;  the  steam  will  now  pass  down  the  pipe  H,  and  operate 
ivith  its  full  force  upon  G,  thereby  forcing  the  liquid  up  the  pipe  I  I  again  into 
B,  fi*om  whence  it  is  again  forced  through  the  goods  in  the  vessel  A,  repeating 
the  operation  as  often  as  may  be  necessary,  in  order  perfectly  to  cleanse  them. 
Tlie  oirt,  and  other  impurities,  beinc;  removed,  the  next  process  is  that  of  rinsing, 
which  is  efifeeted  by  closing  the  cocks  6,  c,  d,  e,/,^,  andopenins  those  at  A,  t,  k, 
when  the  steam  from  C  passes  up  the  pipe  K  into  the  vessel  L,  which  is  filled 
with  clean  hot  water ;  the  full  pressure  of  the  steam  being  now  transferred  to  the 
surfiice  of  the  hot  water,  forces  it  through  the  pipe  M  and  through  the  goods  in 
the  conical  vessel  A,  carrying  away  all  the  alkaline  and  other  impurities  through 
the  pipe  N  into  the  vessel  O.    The  hot  liquor  in  O  is  now  to  be  returned  into 
L,  by  closing  the  cocks  t,  A,  A,  and  opening  those  at  /,  m,  when  the  steam 
passes  down  the  pipe  P,  and  forces  the  liquor  contained  in  O,  up  the  pipe  Q  Q, 
sgain  into  L,  for  the  renewal  of  the  operation ;  this  part  of  the  process  bemg  also 
repeated  as  many  times  as  nfay  be  deemed  desirable,  which  will  depend  upon  the 
condition  of  the  goods.  The  next  stage  of  the  process  is  drying,  which  is  effected 
,  by  closing  all  tne  cocks,   except  Uiose  at  d,  e,  and  allowing  steam,  at  a 
reduced  pressure,  to  pass  direct  from  C  into  the  vessel  A  again,  by  which  all 
the  water  is  driven  out  from  the  goods,  leaving  them  nearly  all  in  a  dry  state, 
the  steam  passing  off  tl|flugh  the  pipe  F,  and  escaping  at  R.     In  this  part  of 
the  process  it  is  necessary  to  observe  that  steam  should  not  be  employed  at  a 
greater  pressure  than  20  lbs.  on  the  inch,  and  that  its  action  should  not  be  pro- 
longed beyond  the  time  necessary  to  drive  off  the  water.     For  the  bleaching  of 
piece  goods,  in  lieu  of  the  circular-sided  vessel  A,  the  patentee  recommends 
one  with  straight  sides,  diminishing  downwards ;  in  this  vessel  the  goods  having 
been  carefully  folded  are  to  be  closely  packed,  and,  in  addition  to  the  steaming 
and  washing,  by  means  of  alkaline  solutions,  currents  of  cold  air,  produced  by 
a  blowing  macnine,  are  to  be  admitted  through  the  pipe  S,  whicn,  it  is  said, 
greatly  assists  in  whitening  the  fabric. 

BLiNDS.  Screens  composed  of  various  materials,  and  fixed  in  window 
frames,  either  to  exclude  a  too  strong  light,  or  to  screen  the  interior  of  an 
apartment  from  the  observation  of  persons  on  the  outside,  without  obstructing 
tne  view  of  those  within.  The  contrivances  for  these  purposes  are  numerous, 
and  so  well  known  as  to  reouire  no  particular  description ;  we  shall,  therefore, 
only  notice  a  blind  for  circular  headed  windows,  as  these  windows  are  common 
in  modem  churches,  chapels,  and  public  building,  and  the  heads  have  hitherto 
been  either  left  entirely  without  blinds,  or  the  blinds  have  been  awkwardly 
contrived,  and  unsightly  in  their  appearance.  Fm,  1  is  an  elevation  of  the 
arch  of  a  window ;  a  a  a  metal  tube  bent  so  as  to  fit  the  head  of  the  window, 
and  serving  as  a  circular  curtain  rod ;  this  rod  is  open  all  along  the  upper  edge, 
as  shown  in  the  section  Ftg.  2 ;  the  ends  fit  into  holes  at  b  and  c,  made  through 
the  window  bar  at  d;  at  b,  a  pulley  is  fixed,  corresponding  with  the  holes  and 
bore  of  the  bent  tube  a;  an  endless  band  e  e  e  Figs,  1  and  2  enters  the  tube  a 
by  the  end  c,  goes  out  at  the  other  end,  passes  under  the  pulley  6,  then  crossea 
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the  vtndow  below  the  bar  d,  parses  over  the  pulley  e,  and  Ihen  over  a  spring 
catch,  or  rack  pulley,  not  shown  in  tlie  drawin]g.     to  order  to  make  Uie  biiliU,  a 

[liece  of  clotli  is  taken  a  little  wider  than  the  height  of  the  arch,  and  rather 
linger  tlian  its  circumference,  and  is  folded  like  a  fan;  a  nail  is  then  passed  at  the 


allow  the  blind  to  slide  along  the  tube ;  the  bottom  fold  is  tacked  to  the  window 
bar  near  the  end  b ;  two  pieces  of  tape  connect  the  upper  fold  with  the  endlen 
band  by  passing  through  (he  split  tube  aa  shown.  The  blind  ia  drawn  over  the 
window,  or  withdrawn  from  It,  according  as  one  side  or  other  of  the  endless 
band  is  pulled,  as  in  the  common  roller  blind.  The  inventor  of  this  excellent 
eon  tri Vance,  Mr.  H.  GoodB,  of  Ryde,  Iile  of  Wight,  was  presented  by  the  Society 
of  Arts  with  the  Silver  Vulcan  MedaL 

BLOCK  MACHINERY.  Tlie  machinery  at  the  Royal  Dock-yard,  at 
Portsmouth,  invented  by  Mr.  Brunei,  for  manufncturing  blocks,  is  deservedly 
celebrated.  The  following  is  a  concise  account  of  it.  The  machines  are  aepa- 
rated  into  four  classes.  1.  The  sawing  machine,  for  converting  the  large  timber 
into  proper  dimensions  for  the  small  machines  to  operate  upon.  2.  The  machi- 
nery to  form  the  shell.  3.  The  sheave-fonning  niachines.  And  4.  The  pin- 
forming  machines.  The  machinery  is  capable  of  completing  three  seta  of 
blocks  of  different  sixes  al  the  same  time,  and  is  worked  by  two  steam-engines 
of  so-horse  power  each.  The  order  of  the  process  is  this  :  the  elm  trees  are 
first  cut  into  short  lengths  proper  to  form  the  various  sizes  of  the  blocks,  by  two 
large  sawing  machines,  one  a  reciprocating,  and  the  other  a  circular  saw.  These 
lengths  of  trees  are  next  cut  into  squares,  and  ripped  or  split  up  into  proper 


scantlings  of  the  blocks  being  thus  prepared,  the  next  process  is  tlist  of 

Matiao  the  Shelii.  The  centre  hole  for  the  pin  of  the  ahenve  is  first  bored  by 
a  centre  bit  in  the  boring  maehine,  whilst  a  number  of  others,  corresponding  to 
the  number  of  sheaves  which  the  block  is  to  contain,  is  bored  at  right  nnglcs  )o 
the  former,  to  admit  the  lirsl  stroke  of  the  chisel,  and,  at  the  same  time,  form 
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the  head  of  the  mortitet.      The  blocks  are  then  removed  to  the  mortising 
machine;  here  they  are  firmly  fixed  to  a  movable  carriage,  beneath  cutting 
chiseb,  set  in  a  frame  moving  up  and  down  with  extreme  rapidity,  making, 
according  to  Dr.  Gregory,  400  strokes  per  minute.     Each  time  that  the  chisel 
frame  ascends,  the  movmg  carriage  aavances  a  small  space,  bringing  a  fresh 
portion  of  wood  under  the  chisel,  until  the  mortise  is  cut  to  the  proper  length, 
when  the  machine  is  stopped  with  the  chisel  firame  at  its  highest  elevation. 
The  chips  cut  are  thrust  out  of  the  mortise  by  small  pieces  of  steel  projecting 
from  the  back  of  the  chisels,  which  are  also  armed  with  two  cutters,  cidled 
scribes,  placed  at  right  angles  to  the  chisels,  which  mark  out  the  breadth  of  the 
chip  to  be  cut  at  each  stroke,  and  at  the  same  time  leave  the  sides  of  the  mor- 
tise so  true  as  to  require  no  further  trimming.    The  comers  of  the  block  are 
next  taken  off  at  a  circular  saw  table,  and  it  is  then  removed  to  the  shapinff 
machine ;  here  the  blocks  are  fixed  in  grooves  in  the  peripheries  of  two  equfd 
wheels  fixed  upon  the  same  axis,  the  distance  between  them  admitting  of  regu- 
lation to  suit  various  sizes  of  blocks,  each  wheel  having  ten  grooves,  so  that  ten 
blocks  are  shaping  at  once.    These  wheels  are  made  to  revolve  with  great  vcdo- 
city  against  a  cutter  set  in  a  slide  rest,  which,  moving  in  a  curved  direction  to 
the  line  of  the  axis,  cuts  those  outward  faces  of  the  block  to  their  required 
figive.     As  soon  as  the  tool  has  traversed  the  whole  length  of  the  blocs,  the 
machine  is  thrown  out  of  gear,  and  the  blocks  are  (without  removing  them) 
each  turned  one-fourth  part  round,  and  another  fourth-part  of  their  smface  is 
exposed  to  the  cutter.    When  the  remaining  portions  of  the  surface  are  shaped, 
the  ten  blocks  are  removed,  and  the  last  operation  is  performed  bv  the  scoring 
machine,  which,  by  means  of  a  cutter,  scoops  out  a  groove  round  the  longest 
diameter  of  the  block  deepest  at  the  ends,  and  vanishmg  at  the  central  hole  for 
the  pin.    There  only  remains  to  remove  any  little  roughnesses,  and  give  the 
surface  a  kind  of  polish,  which  is  done  by  hand,  and  the  shell  is  then  complete. 
Of  the  Sheaves.    These  are  mostly  made  of  lignum  vitse,  which  is  cut  into 
slabs  of  a  proper  thickness  by  circular  saws,  and  tnen  removed  to  a  crown  saw, 
which  bores  the  centre  bole,  and  at  the  same  time  reduces  the  circumference  to 
a  circular  figure.    The  sheave  is  then  placed  in  the  coaking  machine,  which 
forms  a  recess  on  each  side  of  the  block  to  receive  the  bush  or  coak,  which  is  a 
triangular  form,  with  the  ends  rounded  off.    The  machinery  for  effecting  this  is 
extremely  ingenious,  and  acts  with  such  accuracy,  and  the  coaks  are  cast  so  true, 
that  a  single  tap  with  a  hammer  is  sufiUcient  to  fix  the  coak  in  its  place.  Three 
holes  are  then  drilled  through  the  two  coaks  and  the  intervening  wood,  and  pins 
being  inserted  in  the  holes,  they  are  placed  under  the  riveting  hammer,  which 
strikes  the  pins  with^  velocity  proportioned  to  the  pressure  which  the  workman 
exerts  upon  the  treadle.    The  centres  of  the  coaks  are  next  broached  by  a  steel 
drill,  and  the  sheave  being  removed  to  a  lathe,  which  cuts  the  groove  on  the 
periphery  whilst  it  faces  the  sides,  the  sheave  is  completed.    There  remains  now 
only  the  iron  pin,  which,  passing  through  the  two  sides  of  the  shell,  serves  as  the 
axis  on  which  the  sheave  turns.  These  pins  are  also  made,  turned,  and  polished, 
by  a  machine  for  the  purpose;  so  that,  with  the  exception  of  strapping  by  rope 
or  iron,  the  block  is  now  complete.    The  whole  cost  of  the  machinenr,  steam- 
engine,  buildings,  interest  of  money,  &c.  'vas  53,000/.,  and  which,  by  the  savins 
effected  by  the  machine,  was  completely  cleared  in  four  years:   Mr.  Brund 
received  on  the  whole  about  20,000/.     It  is  calculated  that  the  machine  made 
140,000  blocks  of  various  descriptions  per  annum,  from  the  year  1808  to  the 
conclusion  of  the  war,  which  was  found  to  be  not  only  sufficient  for  the  service 
of  the  navy,  but  also  of  the  ordnance  department. 

Although  the  foregoing  account  of  the  operations  of  the  several  machines  will 
convey  to  the  intelligent  reader  a  sufficiently  clear  idea  of  the  whol^  process  by 
which  the  blocks  are  made,  we  doubt  not  that  a  representation  of  some  of  the 
principal  machines  will  be  acceptable  to  our  readers.  To  give  engravings  of 
the  whole  of  them  would  cause  us  to  extend  this  article  to  too  great  a  length ; 
as,  independently  of  the  various  saws  b^  which  the  trees  are  cut  up  into  blocks 
and  slabs  of  the  proper  dimensions,  (which  saws  may  be  considered  as  applicable 
to  other  purposes),  there  are  a  great  variety  of  machines  employed  in  tha 
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nibceqiient  opeTationi.  TheMnujbeHudtoocMutitata  thebkek-nuikiiiKnMehi- 
nery,  properij  «□  coDed;  and  from  the»e  ws  have  «el«etcd  two  of  the  principal,  t 
fonn  the  nibjeotof  the  accompaiiTing  engravingt.  tig.  I  i>  a  lide  glevatioii  of  ttii 


■norljiing  machuie,  In  which  the  mmtliei  (br  the  ih<«re*  ere  cut  «  a  the  bed 
of  the  machbe ;  b  a  iliding  camage ;  e  ths  block  to  be  moriiiad,  Mcnrelr  held 
in  the  iliding  caniAge  by  the  Krew  « ;  f  one  of  the  eatten,  the  oumber  of 
which  depend  on  ihe  numbet  of  efaeavei  the  block  ij  to  contain ;  a  the  cutter 
frnme,  moving  vertically  in  guidei  fattened  to  the  two  front  piUan  of  the 
machine,  one  of  which  piUan  it  removed  in  the  figure,  in  order  to  ihow  tba 
cutler  frame  ;  A  a  guide  rod  attached  to  the  upper  part  of  the  cutter  frame,  and 
moving  in  a  collar^,-  t  connecting  rod,  atlaehed  at  the  upper  end  to  the  cutter 
ftame,  and  at  the  crank  I  fixed  upon  the  shaft  m,  which  u  driven  by  a  ilnp 
from  the  Bteam-enKine  paning  round  the  drum  n,  which  ii  bcdted  to  the  fly- 
wheel o.  The  flv-mieel  is  looie  upon  the  shaft,  which  Is  attached  to,  or  detached 
from,  the  fly-wtieel,  by  a  friction-clatch  p,  which  enters  the  conical  interior  of 
the  drum  n,  and  which  is  moved  by  tfie  lever*  j  y ;  r  is  a  doable-tiffeaded 
screw,  by  which  the  sliding  carriage  is  advanced ;  it  works  in  a  nut  *,  which 
turns  in  a  bearing  I ;  to  this  nut  are  attached  the  raehet-wheel  o  and  tiie  cog- 
wheel ic;  jr  apinion  acting  upon  a,  and  tamed  by  ths  handle  y,  and  only  used 
to  bring  the  blocks  under  the  cutten  for  the  first  cut,  after  which  theoaniagau 
advanced  by  the  machine  in  the  following  nuuiner : — Upon  the  shaft  m  ii  an 
eccentric  I,  which  acts  upon  a  roller  2  in  a  vertical  lever  3,  to  the  lower  end  of 
which  is  jointed  a  horizontal  bar  4,  which  has  a  tooth  acting  upon  the  teeth 
of  the   ratchet-wheel,  so  that  at   each  revolution  of  the  axis  the  ecceglric 
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^  t  the  upper  end  of  the  lever  3,  more*  m  an  opposite  direction  th* 
rmtehet-wheel  r,  which,  b]>  meani  of  the  nut  (,  tumi  the  screw,  and  adtancei 
tin  slidins  fairiage,  so  u  to  bring  ■  fresh  portion  of  the  block  under  the 
When  l"^       '-  '-  '       -      '  -'  -      ■        ■    - 


B  mortise  u  cat,  the  advance  of  tt 


eairMce  further  is  prsTentad  as  fotlowi: — Tfao  eztmnity  of  the  bar  4  i*  pto- 
loneed  beyond  the  ratchet- *he(4,  and  reits  upon  the  lever  S,  which  tomi  upon 
a  pTn  in  one  of  the  upright  columiu  of  the  irame.  The  lerer  5  is  mpported  bj 
the  curved  end  of  the  lever  6,  the  other  end  of  which  rests  npon  an  adjustable 
■lide  7,  which  is  screwed  to  tbe  sliding  carriage,  and  which  is  so  filed,  that  when 
the  mortise  is  completed,  the  long  ann  of  tbe  lever  6  is  no  lonier  lupported  by 
the  slide  ;  the  long  ann  of  tbe  lever  consequently  descends,  and,  by  lis  deacent. 
raises  the  lever  5,  which  lifti  tbe  bar  4  clear  of  the  teeth  of  the  ratchet-wheel. 
Fig.  3  is  a  side  elevation  of  the  shaping  machbe ;  a  ii  *  large  circular  rim,  or 


Fig.  2. 


chuck,  firmly  keyed  upon  tbe  ihaft ;  b  a  similar  chuck ;  c  (which  cannot  be 
■bown  in  the  drawing)  is  piftced  upon  the  ahsfl  behind  a.  This  chuck  ii  not 
made  fast,  but  may  M  set  upon  the  ihaft  at  any  required  distance  from  a  to  suit 
tbe  different  sizes  of  the  blocks,-  d  d  are  stay  bolt)  passing  through  the  chucki 
a  and  e,  and  having  nuts  at  the  back  of  c  to  retain  it  at  the  requisite  distance 
froma;  eiarethehlockswhicharetobeshaped;  they  areretained between thetwo 
chucks  a  and  c,  as  follows  :ffaze  a  number  of  short  manndrtls,  set  in  the  chuck 
a,  and  each  carrying  on  tbe  ftrther  end  a  small  cross,  the  extremities  of  which 
have  two  sharp  steel  rings;  in  tbe  chuck  c  is  a  screw,  opposite  to,  aind  concentric 
with,  the  mBundrils//;  the  inner  end  of  these  screws  having  a  sbaip  steel  ring 
looaely  fitted  upon  them.  Each  block,  in  the  operation  of  boring  the  holes  pre- 
vioiu  to  passing  to  the  mortising  machine,  has  bad  the  line  of  ill  axis  deter- 
mined,  by  the  marks  of  two  steel  ring*  imprened  on  one  end,  and  of  a  single 
ting  upon  the  other.  Tht  marks  of  Ine  two  rings  ere  applied  to  the  steel  ring 
on  the  cross,  and  tbe  ring  on  the  screw  is  advanced  by  the  screw  to  the  single 
mark  on  the  other  end  of  the  block;  o  it  a  slide  rest,  supported  upon  the  bed 
A,  and  attached  to  the  radial  bar  j,  which  turns  upon  ■  centre  directly  beneath 
the  line  of  the  axia  of  (he  shaft  &  ;  i^  ii  the  bar  carrying  the  cutter  I,  and  ttidinf 
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in  a  mortise ;  m  a  steel  spindle,  passing  through  a  socket  in  k,  and  having  a 
small  horizontal  roller  n  fitted  upon  its  lower  end ;  o  one  of  two  pillars  sup- 
porting two  curved  bars  p  q,  called  shapes ;  the  curve  on  one  bar  determining 
the  shape  of  the  faces  of  the  blocks,  and  that  of  the  other  bar  the  shapes  of  tbe 
sides  of  the  blocks,  r  is  a  lever  by  which  the  cutter  bar  is  moved  along  its 
mortise,  so  as  to  cause  the  roller  n  to  press  aeainst  one  of  the  shapes  p  or  q  ;  s 
is  a  bar  attached  to  the  slide  rest,  by  which  the  rest  is  made  to  traverse  the  bed 
A,  describing  a  portion  of  a  circle  of  which  the  pivot  of  the  radial  bar  is  the 
centre.  The  operation  of  the  machine  is  as  follows:  the  chucks  being  fiUed 
with  a  number  of  blocks  corresponding  to  the  number  of  maundrils,  the  chucks 
are  set  in  motion  by  a  strap  from  the  engine  passing  round  the  drum  i  keyed 
upon  the  shaft  b.  The  cutter  /  bein?  previously  adjusted  to  tlie  proper  distance, 
the  attendant  holding  the  bar  s  in  his  right  hand,  causes  the  slide  rest  slowly  to 
traverse  the  bed  A,  whilst,  by  the  lever  r,  held  in  his  left  hand,  he  keeps  the 
roller  n  in  contact  with  the  shape  p  or  q,  and  consequently  causes  the  cutter  /  to 
describe  a  curve  similar  to  that  of  the  shape ;  and  that  fece  of  the  blocks  which 
is  exposed  to  the  cutter  revolving  with  extreme  rapidity  against  the  cutter,  is 
cut  to  a  corresponding  shape.  Wnen  the  first  side  is  completed,  the  blocks  and 
the  chucks  are  stopped,  and  the  blocks  are  turned  one-fourth  round,  so  as  to 
present  the  next  side  to  the  cutter.  This  is  effected  bv  the  following  means :  on 
the  outer  end  of  each  maimdril  is  fixed  a  worm  wheel  v,  upon  which  an  endless 
■crew  upon  the  outer  end  of  the  spindle  w  acts ;  upon  the  other  end  of  each 
spindle  is  fixed  a  bevilled  pinion  y,  gearing  with  a  Devilled  wheel  ar,  fitted  loose 
upon  the  axis.  When  it  is  required  to  turn  the  block,  the  wheel  x  is  locked  to 
the  frame  by  a  catch  pull  (not  shown)  and  the  attendant  turns  round  {he  chucks 
a  and  c  four  times,  and  the  bevilled  pinions  revolving  round  the  wheel  jr  cause 
the  spindles  on  which  the  endless  screw  is  cut  to  turn  the  worm  wheels  one- 
quarter  round.  The  roller  n  is  then  by  a  simple  movement  pushed  down,  so  as 
to  act  against  the  lower  shape ;  the  chucks  are  again  set  in  motion,  and  the  slide 
rest  being  made  to  traverse  back  over  the  bed,  the  second  face  is  shaped,  and 
the  operation  is  repeated  for  the  other  two  sides. 

BLOCKS,  in  the  Navy,  and  Marine  Architecture,  a  species  of  pulley  very 
extensively  used  for  moving  heavy  weights,  by  means  of  ropes  or  chains  passing 
over  the  pulleys ;  also  occasionally  in  architectural  and  otner  works.  A  block 
consists  of  one  or  more  pulleys,  called  sheaves,  which  are  generally  formed  of 
lignum  viUe,  or  some  hard  wood  inserted  between  cheek-pieces  forming  what  is 
called  the  shell  of  the  block,  and  turning  upon  a  pin  passing  through  the  shell 
and  the  centres  of  the  sheaves.  Blocks  are  of  various  forms,  each  having  a  par- 
ticular name ;  the  following  cut  represents  a  common  single  block ;  a  is  the  shell, 
b  the  sheave,  c  the  pin.  Blocks  are  suspended  by  straps,  either  of  rope  or  iron  ; 
the  latter  are  called  iron-strapped  blocks,  and  have  frequently  a  swivel-hook.  A 
combination  of  two  blocks,  one  of  which  is  attached  to  the  load  to  be  raised,  is 
called  a  tackle,  and  the  power  is  to  be  estimated  by  the  space  through  which 
the  fall  (which  is  that  part  of  the  rope  to  which  the  power  is  applied)  passes, 
compared  with  the  space  through  which  the  load  is  raised,  deducting  for 
friction,  which  is  great,  owing  to  the  rigidity  of  the  ropes,  and  the  small 
diameter  of  the  sheaves ;  these,  for  nautical  purposes,  are  necessarily  limited  by 
considerations  as  to  weight  and  space.  The  triction  is  also  considerably  in- 
creased, in  certain  circumstances,  under  which  blocks  are  applied.  When  there 
is  more  than  one  sheave  in  the  same  block,  the  fall  comes  last  over  the  outside 
sheave ;  and  that  sheave,  if  the  exertion  of  power  be  in  a  line  nearly  parallel 
to  the  direction  in  which  the  load  is  drawn,  always  endeavours  to  get  into  a  line 
with  the  point  of  suspension ;  for  the  great  friction  to  be  overcome  preventing 
the  equal  transmission  of  the  power  throughout  the  combination,  and  the  outside 
sheave  having  to  sustain  not  only  the  pressure  of  its  own  share  of  the  load, 
but  also  the  additional  strain  sufficient  to  overcome  the  friction  of  the  other 
sheaves,  and  the  vis  inertise  of  the  entire  load ;  it  must,  therefore  be  consi- 
derably depressed,  and  in  consequence  of  this  oblique  direction  of  the  block, 
the  lateral  friction  of  the  sheaves  becomes  so  great,  as  in  some  cases  nearly  to 
equal  the  power.     I^t.  1  and  2  represent  blocks  so  constructed  as  to  allow 
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the  rail  to  put  over  the  middle 
iheaxe,  by  wnich  means  it  will  be  "-'■  '■  L 
immediateiy  beneath  the  point  of 
■uspeniion-  Fig.  1  is  the  inventifm 
of  the  celebraicd  Smeelon,  who 
employed  blocks  of  (his  descriptioD 
in  erecting  the  Eddyatone  Light- 
houee-  The  upper  bloclc  a  containi 
6  sheave*  ranged  in  two  tien,  and 
the  lower  black  (  contains  also  6 
■heaves,  also  ranged  in  two  tiers ; 
the  loirer  tier  of  sheaves  in  a,  and 
the  upper  tier  of  sheaves  in  b,  being 
more  than  two  diameters  of  (he  rope 
■mailer  than  the  othct  sheaves,  the 
mode  of  reeving  the  rope  ia  as  fol- 
lows. Beginning  in  the  middle,  the 
rope  is  teeved  over  the  large  shenves 
as  far  OS  it  will  go;  tbence  going 
to  the  first  of  the  smaller  sheaves, 
they  are  reeved  throughout ;  thence 
again  to  the  outer  one  of  the  re- 
maining large  sheaves,  and  ending 
aion  the  middle  sheave  of  the  upper 
Dck.  TiA  prhieipal  objection  to 
this  method  is,  that  it  requires  a 
combination  of  at  least  twelve  sheaves,  and  is  not  therefore  applicable  to  general 
purposes.  The  construction  shewn  in  Fig.2,  which  is  the  invention  nf  Mr.  Jones, 
of  High  Holbom,  can  be  applied  to  any  number  of  sheaves  from  4  upward*. 
The  cut  represents  a  pair  of  blocks  of  2  sheaves  each.  To  the  upper  block 
a  is  attached  another  block  (,  the  sheave  of  which  stand*  at  right  angle*  to  the 
former,  and  i*  called  the  crost-Bheave  ;  the  lower 
block  c  contains  two  sheaves  abreast,  (shewn  di- 
verging,) in  order  that  the  cros*  sheave  may  not  be 
of  a  vety  small  diameter.  The  method  of  reev- 
ing is  to  begin  upon  the  middle  upper  sheave, 
and  when  arrived  at  the  outer  sheave,  (o  pass  to 
the  cross  sheave,  which  carries  the  rope  over  to  the 
outer  sheave,  on  the  opposite  side,  auil  then  proceed 
■gain  in  the  order  of  the  sheaves. 

The  annexed  figure  represents  an  improved  cat- 
block,  invented  by  Mr.  Bothway,  and  rewarded  b^ 
the  Society  of  Art*.  The  advantages  which  tins 
block  possesses  over  those  in  common  use,  are 
thus  stated  by  Mr.  Bothway,  "  In  all  large  class 
■hips  in  the  royal  navy,  the  unwieldy  nature  of  the 
usual  cat-bluck  require*  that  two  men  *hou1d  be 
sent  out  on  the  anchor,  a  most  perilous  service  in 
rough  weather ;  whereas  mine  only  requires  one 
man  at  any  time,  because  be  has  not  to  sustain  the 
whole  weight  of  the  block,  as  in  the  former  case, 
but  only  that  of  (he  hook.  And  in  vessels  smaller 
than  tine  of  battle  ships,  in  blowing  weather,  when 
the  ship  pitches  heavily,  the  anchor  may  he  hooked 
without  a  man  going  on  i(,  by  his  standing  on  the 
head,  and  guiding  the  hook  of  the  block  lo  the 
anchor,  by  a  staff  and  hook,  liirtitar  to  a  boat-hook. 
This  facility  is  gained  by  the  mobility  of  the 
■wivel  in  its  socket,  so  that  the  man  has  not  the 
weight  of  the  block  to  turn,  in  order  to  Insert  Ihe 
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hook  in  ths  ring  of  tlie  anchor.  Should  the  anchor,  when  hooked  in  the  daik, 
or  otherwiie,  cause  a  turn  in  the  fait,  the  hook  being  on  a  siri*el  joint,  the  turn 
will  come  out  before  the  (train  oomei  on  the  block ;  and  when  the  anchor  it 
foul  it  can  alio  be  hooked  with  great  facility.  lu  mv  thirtv-two  yean'  lervice 
I  have  Been  the  wooden  cat-blocki  awell  so  much  m  cold  climalei,  that  the 
■heavei  have  become  immovable  ;  mine,  being  of  metal,  are  liable  to  no  luch 
inconvenience."  Another  great  advantage  maj  be  derivable  from  Bothwav'a 
catblock  being  anpUcable  to  other  uaes ;  wherea*  the  oid  onei  are  not.  For 
initance,  b;  merely  having  a  spare  socket  or  two  fitted  with  hooks  of  various 
slies,  it  maj  take  a  strap  for  gear-blocks,  or  it  may  be  converted  into  a  laihinp 
block  without  the  hook  and  socket,  but  with  the  socket  bolt.  In  the  figure, 
which  represents  a  perspective  view  of  the  block,  it  will  be  seen  that  the  hook, 
instead  of  being  fanned  in  one  with  the  strap,  turns  with  a  swivel  head,  in  a 
socket  which  hangs  from  a  pin  passing  through  the  lower  end  of  the  shell. 
Allbough  entirely  formed  of^  metal  they  are  lighter  than  wooden  ones  with 
theb  iron  bindingi,  and  capable  of  the  same  service 

Thete  is  another  species  of  blocka,  which  are  tenned  "  Dead  eyf*,"  and  are 
used  for  tighten!^  or  setting  up,  as  it  is  colled,  the  standing  n^ng  of  ships.  It 


round  which  the  lower  end  of  the  ibroud,  or  an  iron  strap,  is  &itened;  threa 

boles  pOMng  thrnigh  the  &ce,  (ranged  in  a  triangle,)  to  receive  the  laniard 

or  smaller  rope,  wFioh  forms  a  species  of  tackle  for  tightening  the  a" 

There  are  no  sheaves  in  the  dead  eye,  bat  the  edses  of  the 

holes  are  rounded  off  to  prevent  cutting  the  laniard,  but  this 

very  imperfectly  answer*  the  purpose  1  as  Irom  the  roughness 

of  the  grain  of  the  wood,  which  is  usually  elm,  and  from  the 

stlffiiess  <^  the  rope,  the  laniard  renders  with  difficulty,  and 

f^om  the  great  strain  to  which  it  i>  sul^ected,  it  is  frequently 

broken.    A  very  nmple  and  effectual  improvement  has  been 

made  in  ^is  respect  by  Mr.  Carey,  Surveyor  of  Shipping, 

at  Bristol,  bj  inserting  a  half  sheave  of  lignum  vitn  into  each 

of  the  holes,  which  causes  the  laniard  to  render  with  greater 

fkcility,  aud  the  shroud  to  be  set  up  in  half  the  usual  time. 

fig.  1  shews  the  dead  eye;  Kj-  "  ■  »"t'<"'  '^  '*'*  '*™*! 

and  F^.  3  one  of  the  balf-aheaves.     It  will  be  seen  from  the 

manner  <rf  inserting  the  half  sheaves,  as  shown  in  f^.  2,  that 

they  cannot  fdl  out,  for  the  more  pressure  there  is  on  them, 

the  faster  they  will  be. 

The  annexed  figure  represents  a  block  of  a  pecuhar 
description,  intend^  for  forming  a  kind  of  rope-road  to  a 
stranded  ship.  When  a  vessel  thus  circumstanced  has  had 
a  rope  thrown  over  by  Capt.  Manby's  apparatus,  or  an;?  other 
means,  considerable  diffltAilty  has  been  found  in  reeving  an 
ordinary  pulley  for  the  conveyance  of  the  crew  to  the  shore. 
Id  the  figuie,  it  will  be  seen  that  Ibe  pnlley  dividea  at  the 
haok,  or  shackle,  into  two  equal  parti,  so  that  it  may  be 


BLOWING  MACHINES.  183 

instantaneouBly  passed  on  to  a  stretched  ropo,  and,  by  means  of  a  cord  from 
the  ship,  persons  may  pass  securely  and  quickly  backwards  and  forwards. 
The  htUe  bar  which  traverses  the  opening  is  fixed  at  one  end  by  a  joint, 
and  fits  into  a  mortise,  as  shown ;  tne  use  of  it  being  to  confine  the  rope 
in  its  place,  when  any  yehide,  or  other  apparatus,  is  slung  or  suspended 
to  it 

BLOOD.  The  principal  use  of  blood  in  the  arts  is  for  making  Prussian  blue, 
or  sometimes  for  clarifying  certain  liquors.  It  is  also  recommended  in  agriculture, 
as  an  excellent  manure  for  firuit  trees.  A  mixture  of  blood  with  lime  makes  an 
exceedingly  strong  cement ;  and  hence  its  use  in  the  preparation  of  some  che- 
mical lutes,  the  nuJcing  floors,  &c 

BLOOM.  A  mass  of  iron  after  having  undergone  the  first  hammering, 
called  bloomary.  It  requires  many  subsequent  hammerings  or  rollings  to  render 
it  fit  for  smiths'  use.     See  Iron. 

BLOTTING  PAPER.  A  species  of  paper  made  without  size,  serving  to 
imbibe  the  wet  ink  in  books  of  account,  &c    See  Paper  Making. 

BLOWING  MACHINES.  Machines  employed  for  producing  a  rapid  com- 
bustion of  fuel,  bv  furnishing  a  more  copious  supply  of  air  than  can  be  obtained 
by  the  mere  drait  of  the  ordinary  chimneys.  Although  the  common  bellows  is 
undoubtedly  a  blowing  machine,  yet  the  term  is  generally  restricted  in  its  appli- 
cation to  those  machines  which  are  employed  at  large  furnaces,  as  in  foundries, 
forges.  Sec  Blowing  machines  are  constructed  of  various  forms,  ^e  great 
olject  in  all  being,  that  the  blast  should  be  as  continuous  and  uniform  as  possible. 
The  method  of  producing  such  blast  by  a  centrifugal  force  has  long  been  known, 
but  the  furst  blowing  machine  on  this  principle,  of  which  we  have  a  distinct 
account,  is  that  invented  by  Mr.  Teral,  in  1729.  It  consists  of  a  number  of 
vanes  or  fanners,  radiating  mim  a  horizontal  shaft,  and  enclosed  within  a  cylin- 
drical box,  having  two  apertures  at  opposite  sides  of  the  cylinder,  to  one  of 
which  is  fitted  a  conical  pipe  leading  to  the  furnace,  whilst  the  air  enters  by  the 
other  aperture,  and  the  shaft  beine  turned  with  great  rapidity,  a  copious  and 
uniform  current  of  air  may  be  impelled  through  the  conical  pipe  to  the  fiimace. 
From  Uie  great  simplicity  and  cheapness  of  tnese  machines  they  have  recently 
been  cominff  into  more  general  notice. 

Another  kind  of  blowing  machine,  and  which  is  very  extensively  used  for 
smiths'  forges,  is  the  double  bellows.  This  machine  in  form  resembles  an  ordi- 
nary single  bellows,  but  is  divided  into  two  parts  by  a  middle  board,  similar  to 
tiie  bottom  board,  and  like  it  furnished  with  a  valve  opening  upwards.  The 
upper  and  under  boards  are  each  loaded  with  weights,  which  compress  the  upper 
and  distend  the  lower  compartments,  and  the  middle  board  is  supported  m  a 
horixontal  position  upon  a  nrame.  The  pipe  or  nozzle  of  the  bellows  commu- 
nicates with  the  upper  compartment  of  the  bellows  onl^  whilst  the  air  is  admitted 
by  Uie  valve  in  the  lower  compartment.  The  action  of  the  machine  is  as 
follows :  The  lower  board  being  rabed  by  the  brake  or  handle,  the  air  contained 
in  Uie  lower  compartment  is  dnven  through  the  valve  in  the  middle  board  into 
die  upper  compartment,  and  not  escaping  from  it  through  the  nozzle,  as  fast  as 
it  is  forced  into  it,  it  elevates  the  upper  Iward,  and  thus  distends  the  upper  com- 
partment Upon  the  descent  of  the  lower  board,  the  valve  in  the  middle  board 
doses,  and  the  upper  board  descending  by  the  pressure  of  the  weights  upon  it, 
the  air  beneath  it  is  urged  through  the  nozzle  in  a  continuous  current  During 
the  descent  of  the  lower  board,  the  air  enters  by  the  valve  in  the  board,  and  fills 
the  lower  chamber  of  the  bellows ;  and  upon  the  rise  of  the  board  it  is  forced 
into  the  upper  chamber  as  before,  and  thus  a  continuous  blast  is  maintained. 
But  although  continuous,  it  is  not  quite  equal,  or  of  a  uniform  force;  for  during 
the  up-stroxe  the  air  ib  compressed  by  a  rorce  exceeding  that  of  the  weights  on 
the  upper  board,  since  it  causes  the  upper  board  to  ascend;  but  upon  the  descent 
of  the  lower  board,  the  air  is  expelled  by  the  pressure  of  the  weights  alone, 
which,  being  at  all  times  the  same,  the  current  is  then  nearly  uniform. 

Another  species  of  blowing  machine  is  the  water  beuows,  invented  by 
Homblower,  several  of  which  machines  have  been  erected  in  various  parts  of 
the  country.    The  nature  cf  these  machines  will  be  readily  understood  by  the 
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Iiclp  of  the  following  diagrain 
The  Bide  tigure  is  a  Terlical 
section  of  the  inacliine,  a  a 
the  fulcrum  ot  the  liver  or 
beam,  with  two  inverted  vetaeb 
b  and  e  suspended  from  its  ex- 
tremities ;  these  vessels  are 
XQ  underneath,  but  air-tight 
ve.  d  and  e  are  two  larger 
Tessds,  filled  vith  water  to  the 
same  level  in  wliich  the  veueU 
b  and  c  ri»e  and  fall  alternately. 
y  A  i  is  a  tube  or  pipe,  which 
passes  through  the  vessels  d  and 
«,  and  reaches  above  the  surface 
of  the  water;  at  the  extremities  are  two  valves,  (omitted  by  mistake)  which 
respectively  open  outwards  into  the  inverted  vessela,  with  a  pipe  at  A  open  to 
the  atmosphere,  t  and  I  are  pipes  passing  through  the  bottom  of  d  and  «,  and 
extendbg  a  little  above  the  surface  of  the  water;  ihey  are  open  at  top,  and  have 
valves  at  bottom  opening  into  the  trunk  o,  to  which  the  pipe  is  fitted  which  con- 
ducts the  blast  to  the  &mace.  An  alternating  motion  being  imparted  to  the 
beam  by  a  steam  engine  or  other  first  mover,  the  air  passes  up  the  tubes  g  hi 
and  fills  each  inverted  vessel  as  they  are  successively  drawn  up  out  of  the  water ; 
■'?s  at  g  and  i,  and  opens  thosa 


the  descent  of  the  inverted  v< 


!S  the  valve 


I  open 
at  the  bottom  of  the  tubes  k  and  I,  through  which  the  air  is  driven  forward  by 
the  trunk  o,  and  thus,  by  the  reciprocation  of  the  beam,  a  continual  blast  it 
maintained  through  the  trunk  a  and  the  tuyere  of  the  furnace. 

But  the  most  perfect  blowing  machines  are  those  in  which  the  blast  is  pro- 
duced by  the  motion  of  pistons  in  a  cylinder.  The  annexed  engraving  represents 
a  blowing  machine  of  this  description,  erected  by  Mr.  Paterson,  of  Lanark.  It 
consists  of  two  double  acting  force  pumps,  placed  at  right  angles  to  each  other, 
to  equalize  the  draft;  they  are  driven  by  a  water-wheel  of  5-hor*e  power,     a  it 


the  vertical  cylinder ;  b  the  horiiuntsl  cylinder;  c  c  two  connecting  rods  united 
to  the  crank  d;  ethe  working  beam;  /the  parallel  motion  ;  g  the  pipe  for  con- 
veying the  blast  to  the  cupola  or  furnace  h;  i  a  small  wheel,  running  in  a  groove 
in  a  cast  iron  plate ;  j  frame  supporting  the  vertical  cylinder,  between  which  the 
lowermost  connecting  rod  c  passes,  .^t  k  t  are  placed  valves,  to  admit  the  ail 
into  the  vertical  cylinder;  similar  valves  are  placed  at  the  ends  of  the  horizontal 
cylinder  into  it.  The  operation  is  simply  this :  by  the  revolution  of  the  crank 
the  air  is  drawn  in  at  each  end  alternately  of  both  cylinders,  and  at  tlie  same 
time  it  is  forced  out  at  the  opposite  extremity  along  the  pipeo  into  the  l\imace; 
and  the  cylinders  being  placed  at  right  angles,  one  piston  wiL  be  moving  with 
its  greatest  velocity  whilst  the  other  is  moving  with  its  least  velocity,  by  which 
means  the  blast  is  tendered  nearly  uniform,  and  an  air  chamber  or  reservoir 
rendered  unnecessary.  The  first  cylinders  of  magnitude  used  as  blowing 
macliines,  were  erected  by  Mr.  Smeaton,  in  1760,  at  the  Carron  Iron  Work*, 
the  cylinders  being  four  in  number,  4  feet  6  inches  in  diameter,  and  the  piston 
making  a  ttrolie  of  4  feet  6  inches  in  length ;  but  lbs  blowing  machine  lately 
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erected  at  the  Smithery,  in  tlie  Royal  Dockyard  at  Woolwich,  i»  perhaps  the 
most  powerful  and  the  most  complete  in  the  kingdom. 

In  this  machine  there  are  three  blowing  cylinders,  of  4  feet  8  inches  diameter, 
with  a  stroke  of  4  feet  8  inches,  and  each  cylinder  making  20  strokes  per 
minute,  expelling  near  5000  feet  of  air  per  minute.  Over  the  wind  chest  is 
fixed  a  regulating  cylinder,  which  has  no  bottom,  being  open  to  the  wind  chest; 
and  its  piston,  which  weighs  700  lbs.  serves  only  to  regulate  the  pressure,  which 
amounts  to  about  i  lb.  per  square  inch.  When  the  pressure  exceeds  this,  the 
piston  rises,  and  opens  an  escape  valve  at  the  back  of  the  cylinder. 

BLOW  PIPE.  An  instrument  for  exciting  intense  combustion  upon  a  small 
scale ;  it  is  extensively  used  in  many  branches  of  the  arts,  and  also  in  philoso- 
phical experiments  upon  metallic  substances.  In  its  simplest  form  it  is  merely 
a  conical  orass  tube,  curved  at  the  small  end,  in  which  is  a  very  minute  aperture ; 
and  a  stream  of  air  being  urged  through  it  by  the  mouth  against  the  flame  of  a 
lamp  or  candle,  a  heat  equal  to  that  of  the  most  violent  furnaces  may  be  pro- 
duced. The  body  intended  to  be  operated  upon  should  not  exceed  the  size  of  a 
peppercorn,  and  should  be  supported  upon  a  piece  of  well-burned  close-grained 
charcoal,  unless  it  be  of  such  nature  as  to  smk  into  the  pores  of  the  charcoal, 
or  to  have  its  properties  affected  by  its  inflammable  quality.  Such  bodies  may 
be  placed  in  a  small  spoon  made  of  pure  gold,  silver,  or  platinum.  Many 
advantages  may  be  derived  from  the  use  of  t£s  simple  and  valuable  instrument 
It  is  portable ;  the  most  expensive  materials,  and  the  minutest  specimens  of 
bodies,  may  be  used  in  the  experiments ;  and  the  whole  process  is  under  the  eye 
of  the  observer.  In  the  blow  pipes  used  by  enamellers,  glass-blowers,  and 
others,  the  current  of  air  is  maintained  by  a  small  pair  of  double  bellows. 

Early  in  the  present  century.  Dr.  Hare,  of  Philadelphia,  made  a  most  im- 
portant improvement  in  the  blow  pipe,  by  substituting  for  the  flame  of  a  lamp 
that  arising  from  a  mingled  current  of  oxygen  and  hydrogen,  by  which  means 
he  succeeded  in  producmg  a  more  intense  heat  than  had  ever  been  obtained 
before,  except  by  the  concentration  of  the  sun's  rays  in  very  large  and  powerful 
lenses.  As  these  gases,  however,  can  only  be  procured  by  chemical  means,  a 
more  perfect  method  of  supplying  the  currents  of  gas  than  by  means  of  the 
common  bellows  became  desirable,  on  account  of  the  great  leakage  of  the 
latter,  and  the  Doctor,  turning  his  mind  to  the  subject,  devised  a  machine 
equally  applicable  for  supplying  either  oxygen  gas  or  common  air.  This  machine, 
which  he  aenominated  tne  Hydrostatic  Blow  Pipe,  is  represented  in  the  annexed 
engraving,  of  which  the  followinp^  is  an  explanation. 

T^tf  Hydrottalk  Blow  Pipe  consists  of  a  cask,  divided  by  a  horizontal  diaphragm 
into  two  parts  D  D.  From  the  upper  apartment,  a  pipe  of  about  3  inches  £a- 
meter  (its  axis  coincident  with  that  of  the  cask)  descends,  until  within  about 
6  inches  of  the  bottom.  On  this  is  fastened  by  screws,  a  hollow  cylinder  of 
wood  B  B,  externally  12  inches  in  diameter,  and  internally  8  inches.  Around 
the  rim  of  this  cylinder  a  piece  of  leather  is  nailed,  so  as  to  be  air-tight  On 
one  side  a  small  groove  is  made  in  the  tipper  surface  of  the  block,  so  that  a 
lateral  passage  may  be  left  when  nailed  on  each  side  of  the  groove.  This  lateral 
passage  communicates  with  a  hole  bored  vertically  into  the  wood  by  a  centre 
oit ;  and  a  small  strip  of  leather  being  extended  so  as  to  cover  this  hole,  is 
made,  with  tlie  addition  of  some  disks  of  metal,  to  constitute  a  valve  opening 
upwards.  In  the  bottom  of  the'  cask  there  is  another  valve  opening 
upwards.  A  piston  rod,  passing  perpendicularly  through  the  pipe  from  the 
handle  A,  is  fastened  near  its  lower  extremity  to  a  hemispherical  mass  of  lead 
L.  The  portion  of  the  rod  beyond  this  proceeds  through  the  centre  of  the 
leather  which  covers  the  cavity  of  the  wooden  cylinder,  also  through  another 
mass  of  lead  like  the  first,  which,  being  forced  up  by  a  screw  and  nut,  subjects 
the  leather  between  it  and  the  upper  leaden  hemisphere  to  a  pressure  sufiicient 
to  render  Uieiuncture  air-tight.  From  the  partition,  an  eduction  pipe  £  is  carried 
under  the  taole,  where  it  is  fastened  by  means  of  a  screw  to  a  cock  which 
carries  a  blow-pipe,  so  attached  by  a  smiul  swivel  joint,  as  to  be  adjusted  in  any 
required  direction.  A  suction  pipe  passes  from  the  owning  covered  by  the 
lower  valve,  under  the  bottom  ot  tne  cask,  and  rises  vertically  close  to  it  on  the 
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outside,  terminating  in  a  union  joint  for  the  attachment  of  Miy  flexiUc  tube 
which  may  be  necessary.  The  apparatus  heme  thus  arrmged,  md  Uie  cask 
supplied  with  water  until  the  partition  is  covered  to  about  the  depUi  of  2  mches. 
if  the  piston  be  lifted,  the  leatiier  wiU  be  bulged  up,  and  will  remove  m  some 
deeree  the  atmospheric  presmire  from  the  cavity  bcneatii  it,  contequentiy  the 
air  must  enter  through  the  lower  cavity  to  restore  the  equikbnum.    When  the 


piston  is  decreased,  the  leather  being  bulged  in  an  opposite  direction,  the  cavity 
beneaih  it  is  diminished,  and  the  air  Ming  thus  compressed,  forces  its  way 
through  the  lateral  valve  into  the  lower  compartment  or  the  cask,  which  com> 
partment  being  previously  fall  of  water,  a  portion  of  the  fluid  is  pressed  up 
throuffh  the  pipe  into  the  upper  apartment.  The  same  result  ensues  each  time 
that  the  stroke  is  repeated,  so  that  tiie  lower  compartment  soon  becomes  filled 
with  air,  which  is  retained  by  the  cock  until  its  discharge  by  the  blow  pipe  is 
necessary.  Dr.  Hare,  in  his  ozy-hvdroffen  blow  pipe  dm  not  mix  the  gases  in 
his  gas  reservoir,  but  supported  the  £ane  of  the  hydrogen  by  a  current  of 
oxygen  issuing  from  different  iets.  SubsequenUy,  it  was  found  that  the  heat  pro- 
duced was  materially  afiected  by  the  proportiom  in  which  the  gases  were  mixed, 
and  that  the  greatest  intensity  of  heat  was  obtained  by  two  volumes  of  hydrogen 
united  with  one  of  oxygen ;  and  various  attempts  were  made  to  mix  and  bum 
the  gases  in  their  due  proportion,  but  with  litde  success,  until  the  important  im- 
provement effected  in  the  instrument  b^  Dr.  Clarke,  Professor  at  Cambridge. 
This  improvement  consisted  in  first  mixms  the  gases  in  a  bladder,  in  the  exact 
proportions  to  form  water,  and  afterwar£  condensing  them  in  a  stnmg  iron 
chest,  by  means  of  a  condensing  svringe.  To  an  opening  at  the  end  of  this  chest 
he  attached  a  great  number  of  layers  of  fine  wire  gauze,  through  which  the 
mixed  gases  were  driven  by  their  elastic  force  into  a  small  tube,  at  the  end  of 
which  tney  were  inflamed.  By  this  arrangement  he  obtained  a  much  greater 
heat  than  had  been  effected  by  Dr.  Hare's  invention,  and  was  enabled  to  make 
a  great  number  of  experiments  highly  interesting  to  science.  Unfortunately, 
however,  for  the  general  adoption  of  his  plan,  it  was  soon  found  that  his  in- 
strument was  unsafe  to  use ;  that  the  wire  gauxe  vfoM  not  prevent  the  egplotkm 
of  the  gaeee;  that  in  several  cases,  when  used  by  the  most  experienced  and 
cautious  operators,  the  instruments  were  burst  The  explosions  were  tre- 
mendous, and  resembled  the  bursting  of  a  bomb,  the  fragments  of  the  iron 
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dmt  being  leatterrd  widi  great  force  u  all  directioiu.     Afler  trying 
'    a  to  TiindeT  the  inventian  nft,  (he  Doctor,  ai  a  protection,  had  the  in 


chest 


pUced  behind  a  brick  wall  at  the  back  of  the  o, 

through  a  tube  paning  through  the  wall.    In  tl 

until  Mr.  Ooldiirorth}'  Qumej  applied  himeelr  to  ita  improvement,  and  after 

niuneroui  experimenta,  which  are  highly  intereiting,  and  are  fully  detailed  in 

lui  pablitbed  lectnree,  he  lucceeded  in  pnkludng  an  ioitniment  unattended  with 

the  >lighl«it  danger  in  its  use,  and  admirably  adapted  both  for  scientific  iuvei- 

tigation,  anil  for  varioua  operationa  in  the  arts.    Tho  annexed  engraving  is  a 


njvesentation  of  the  instnuuent  A  is  the  safety  chamber ;  B  a  water  trough, 
through  vhieb  the  gas  is  made  to  pass  from  the  gasometer  D  by  the  cock  C, 
through  a  tube  which  reaches  to  the  bottom  of  the  water  trough ;  E  is  a  cock 
fitted  mto  the  neck  of  the  same,  firom  which  it  is  thrown  out  ibould  an  explosion 
take  place  on  the  surface  of  the  water.  F  is  a  gauge,  to  indicate  the  necessaiT 
height  of  the  column  of  water  in  the  trough.  Q  is  a  transferring  bladder,  whicn 
is  made  to  screw  and  imacrew  to  and  &om  (he  stop-cock  H,  for  the  purpose  of 
■applying  the  gasometer  with  gases,  which  may  be  charged  and  recharged  at 
jdeasure,  by  an  aadstrat,  during  its  action,  «o  as  to  keep  up  the  moat  intense 
name  for  any  length  of  time.  A  valve  is  placed  between  the  gasometer  and  the 
tnuufening  bladder,  which  [oavents  the  return  of  the  gas.  I  I  is  a  light 
wcioden  or  stiff  pasteboard  cap,  which  combines  sufficient  strength  with  great 
lightucM,  so  that  in  case  an  exploeion  of  the  gasometer  should  happen,  it  is 
merely  thrown  a  short  height  into  the  air,  by  the  force  breaking  the  strings 
which  connect  the  cap  to  the  press  board.  To  these  strings  are  attached  small 
wiret,  wbicb  pass  through  the  table  of  the  instrument,  as  at  L,  into  the  presa- 
board  below,  where  they  are  secured ;   this  prese-board  is  kept  in  a  horizontal 

rsitioD  by  the  stand,  so  that  when  the  reqmsite  pressure  is  given  to  it,  the  cap 
I  i*  brought  to  bear  equally  on  the  gasometer  D.  The  gasometer  bladder  (or 
iilk  bag)  i*  tied  to  a  piece  of  bladder,  which  tcrews  into  a  long  tube  laid  into 
and  acroM  the  table,  which  permits  it  to  be  unscrewed  at  pleasure  from  the  body 
of  the  instramen^  and  inunersed  in  water  when  it  requires  softening,  affordiiu 
alw  (lie  meani  of  fixing  on  another  bladder,  if  any  accident  should  render  it 
neeeawty.  The  sti^cock  of  the  charging  bladder  G  is  fixed  to  oue  end  of  tha 
tube  just  described,  and  the  atop-eock  of  the  water  trough  on  the  other  end.  To 

ila  with  this  iiutrument,  pressure  by  the  hand  is  applied  to  the  press-board, 

b  draws  down  the  cap  I  I  on  the  gasometer  D,  ana  forces  the  gas  which  it 
Boaiaiiia  through  the  stop-cock  C,  and  through  the  water  tube  and  safety  chamber 
Aa  to  the  jet  at  the  end,  where  it  is  bumed.  When  the  pressure  on  the  prew- 
board  is  too  alight,  or  when  the  hsind  i*  taken  ofl^  the  flame  returns  into  the 
•afe^  dumber,  and  is  exiinguisbed.  When  it  is  required  to  suspend  the  ope- 
nliea,  the  band  nead  only  be  taken  off  the  preaiing  board,  the  water  in  the 
tooo^  acta  ai  a  self-acting  valve  in  preventuig  the  escape  of  gas  from  the 
faiatrnmant,  and  earea  the  DcceadQr  of  taming  the  stop-cock.  A  silk  tube  is 
attaehad  to  tlie  and  of  the  tube  MfoM  descnbed,  in  tne  water  trough,  which 
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prevents  the  splaaliing  of  the  water,  sometimes  occasioned  by  unskilful  manage- 
ment We  omitted  to  state  that  the  safety  chamber  A  is  filled  with  numerous 
discs  of  very  fine  wire  gauze  closely  packed,  and  should  the  flame  be  driven  in, 
which  will  sometimes  happen,  it  will  not  enter  the  bag  or  reservoir  D,  but  will 
explode  above  the  surface  of  the  water  in  the  chamber  B,  merely  driving  out 
the  cork.  An  improvement  has,  however,  been  since  introduced  in  the  con- 
struction of  the  safety  chamber,  by  Mr.  Wilkinson,  of  Ludgate-hill,  by  which 
the  retrogade  motion  of  the  flame  appears  to  be  effectually  prevented,  and  a 
much  larger  jet  may  be  employed  than  heretofore  with  perfect  safety.  This  im- 
provement consists  in  filling  the  chamber  A  with  alternate  layers  of  wire  gauze 
and  of  asbestos,  previously  beaten  with  a  mallet,  and  pulled  out  to  resemble  floss 
silk.  Mr.  Wilkmson  received  from  the  Society  of  Arts  a  silver  medal,  for  his 
communication  on  the  subject,  and  we  understand  that  Mr.  Hemming  has 
recently  made  some  further  improvements  in  the  construction  of  the  instrument 
We  must  here  advert  to  the  wonderful  effects  produced  by  the  oxy-hydrogen  blow 
pipe,  which  almost  instantaneously  reduces  the  hardest  and  most  refractory  sub- 
stances. Gun  flints  are  instantly  fused  by  it,  and  formed  into  a  transparent  glass ; 
china  melts  into  a  perfect  crystal.  All  kinds  of  porcelain  are  readily  fused,  pre- 
viously assuming  a  beautiful  crystallized  appearance.  Rock  crystal  is  quickly 
melted,  giving  out  a  beautiful  light.  Emerald,  sapphire,  topaz,  and  all  the 
other  precious  stones,  melt  before  it  into  transparent  glassy  substances.  Barytes, 
strontian,  lime,  and  alumina,  exhibit  very  striking  and  beautiful  phenomena. 
Magnesia  fiises  into  hard  granular  particles,  which  will  scratch  glass.  The 
metals,  even  platina,  are  all  quickly  nised  by  it;  and  all  descriptions  of  stones, 
slates,  and  minerals,  are  melted,  sublimed,  or  volatilized,  by  its  all-subduing  power. 

BLUBBER,  in  Physiology  and  Commerce,  the  fat  wnich  invests  the  Dodies 
of  all  large  cetaceous  fishes,  serving  to  furnish  an  oil.  The  blubber  lies  imme- 
diately under  the  skin,  and  over  the  muscular  flesh.  In  the  porpoise  it  is  firm 
and  full  of  fibres,  and  invests  the  body  about  an  inch  thick.  In  the  whale  its 
thickness  is  ordinarUy  6  inches,  but  about  the  under  lip  it  is  found  two  or  three 
feet  thick.  The  quantity  yielded  by  one  of  these  animals  ordinarily  amounts  to 
forty,  or  fifty,  sometimes  to  eighty  or  more  hundred  weight  Its  use  in  trade  and 
manufactures  is  to  furnish  train-oil,  which  it  does  by  boiling  down.  Formerly 
this  was  performed  ashore  in  the  countries  where  the  whales  were  caught,  but 
lately  the  fishers  do  not  go  ashore ;  they  bring  the  blubber  home  stowed  in 
casks,  and  boil  it  down  there.  A  machine  expressly  designed  for  expressing  the 
oil  fi-om  blubber  is  given  under  the  word  Oil. 

BLUE  (Prussian).  A  very  fine  blue  pigment,  extensively  used  in  the  arts. 
It  is  composed  of  prussiate  of  iron,-  and  the  earth  precipitated  from  alum  or 
pure  alumme.  It  is  commonly  obtained  by  calcining  blood  or  other  animal 
substances,  as  hoofs,  horns,  parings  of  leather,  &c  by  which  a  black  coaly  resi- 
duum is  obtained.  Three  parts  of  this  are  added,  at  intervals,  to  four  parts  of 
potash,  kept  in  a  state  of  fusion  in  a  stout  iron  vessel,  the  mixture  being  con- 
stantly stirred  during  the  process.  At  first  a  reddish  flame  appears  upon  the 
surface  of  the  mass ;  this  afterwards  changes  to  a  blmsh  tinge,  denotmg  the 
formation  of  prussiate  of  potash,  when  the  whole  is  to  be  removed  as  speedily 
as  possible  into  a  large  vessel  of  boiling  water,  and  stirred,  to  promote  the  dis- 
solution of  the  prussiate  of  potash.  After  allowing  the  dregs  to  settle,  the  clear 
liquor  is  drawn  off,  and  fresn  quantities  of  water  boiled  upon  the  residuum,  until 
it  ceases  to  impart  much  taste  to  the  water ;  and  the  whole  of  the  liquor  thus 
obtained  beingmixed  together,  a  solution  of  alumandereen  vitriol  is  added,  when  a 
precipitate  of  Prussian  blue  is  immediately  formed,  which  is  washed  repeatedly  to 
tree  it  from  the  sulphate  of  potash ;  after  which  it  is  put  into  bags  and  pressed, 
and  then  exposed  to  the  air  to  dry,  during  which  process  it  assumes  a  deeper 
colour,  and  acquires  a  hard  stony  consistence. 

BLUE  (Powder  or  Stone),  used  in  washing  linen,  is  the  same  with  smalt, 
either  in  the  lump  or  powder.  When  the  smalt  is  taken  from  the  pot,  it  is 
thrown  into  a  large  vessel  of  cold  water ;  this  makes  it  more  tractable,  and  more 
easily  powdered.  When  examined  after  cooling,  it  is  found  to  be  mixed  with  a 
greyish  matter  resembling  ashes,  which  must  be  separated  by  washing   nnjl 
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then  d*  bine  nhitaiice  being  powdered  and  lifted  Ihnugh  fine  iterM,  ferau 
what  II  called  powder  blue. 

BLUE  (Sixqn).  The  beit  Suoq  Uue  duj  be  prepwed  u  foliom: — mix 
t  01.  of  the  belt  powdered  indi|^  with  4  ai.  of  niipWic  acid  in  a  glass  bottle 
or  ">ft«— *i  and  discit  it  for  one  baur  in  a  water  bath,  tbakine  (he  mixture  at 
different  timet;  thea  add  13  ox.  of  water  to  it,  >tir  the  wbok  well,  and  when 
GiJd,  filter  it 

BOAT.  A  imall  rasMl  for  the  convevance  of  goodi  or  panengen  to  sboit 
distances,  and  which  may  be  impelled  eiuer  hy  oars  or  soils  at  pleasure.  They 
•re  for  the  most  part  open  or  without  decks ;  but  the  varieties  in  their  form  and 
construction,  according  to  Ihe  pu^oies  for  which  they  are  intended,  are  so 
neat  aa  to  preclude  enumenitioa.  Boats  always  fbnn  part  of  a  shij>'s  eqiupment ; 
ua  number  depending  upon  the  liie  of  the  Teisel,  and  the  service  fbr  which  it 
is  intended.  Of  these  the  cutters,  gig,  and  jolly  boat,  are  principally  employed 
tor  the  conveyance  of  officers  and  crews  on  any  service ;  and  the  long  boat  or 
laanch,  for  the  conveyance  ef  heavy  stores  of  every  description  to  and  ii-om  the 
TeneL  The  engraving  represent!  an  improvement  in  this  latter  class  of  boats, 
when  empkijred  for  laying  out  and  weighing  heavy  anchors,  and  for  landing 
and  embarking  cannon.  The  usual  mode  of  laying  out  anchors  by  means  of 
a  ship's  launch  is,  to  place  the  anchor  over  the  boat's  stem,  and  to  coil  the  cable 
on  the  gunwale;  but  thia  lumbers  up  the  boat,  overloads  it,  and  exposes  it  to  the 
danger  of  bring  swamped  in  a  higb  sea-  To  obviate  this,  attempts  have  been 
maoe  to  lUng  the  anchor  beneath  the  boat,  aa  near  aa  poiaible  in  the  centre  of 
gravity  of  the  boat ;  n«is  of  these,  however,  succeeded  so  a*  to  encourage  their 
adopLon.  Subsequently,  Mr.  Cow  {master  boat-buildec  of  the  Royal  Dock,  at 
Woolwich,)  devised  the  present  arrangement,  which  was  so  much  a^iroved  by 
the  Navy  Board,  that  they  have  directed  that  every  ship  of  war  of  a  certain 
dasa  ahdl  be  furnished  with  a  launch  fitted  on  Mr.  Con's  principle,  and  the 
Society  of  Arts  have  rewarded  him  with  a  gold  medal  for  the  invention.  The 
former  method  (alluded  to  above)  for  carrying  an  anchor  under  a  boat's  bottom, 
was  to  have  only  one  jUed  trunk,  which  was  in  the  middle  of  the  boat,  dose  to 
the  aide  of  the  keel ;  the  windlass,  therefore,  could  only  be  supported  at  the 
tBdi,  and  was  unequal  to  the  heaving  up  any  great  weight;  the  great  strain  also 
was  entirely  on  the  sides  of  the  boat  By  Mr.  Cow's  plan  there  ore  two  moBabU 
trunk*  at  a  proper  distance  from  the  keel,  thereby  aUowing  a  strong  stanchion 
to  be  placed  on  the  kelson,  which  stanchion  suppwts  the  middle  of  the  windlass, 
and  consequently  makes  it  of  suflident  strength  to  weigh  any  weight  that  the 
boat  i*  able  to  sustain.      Fig,  1  gives  a  perspective  view  of  a  74-gun  ship's 


ider  the  bottom,  and  a  bower  cable 
t  c  the  buc;  rope ;  d  a 


rope  by  which  the  ancbor  u  hors  np  when  weighing,  or  Mupended  when 

carrying,  bj  the  windlou.      Fig.  2  givea  a  mid-abip  tection  of  ibe  launch,  with 

tvo32-poundenaiuppnded&omthc  windlast.  pj,^  2, 

hk  the  gima  laihed  to  wooden  ilidei;   Hi  ^ 

rope*  br  which  the  guns  are  hove  up  to  the 

boDt'i  bottom  ;    ji"  i  water-tight   removablfl   / 

nood  trunks,  throiu;h  which  the  rcpet  pais  to  i 

the  windlnn ;  il&e  windUu  in  tno  parta  ^ 

connected  by  a  wrought  iron  gudgeon  and 

•ockrt;  in  a  removable  ttnmg  wrought  iron 

■tancbion,  which  ntpports  the  middle  of  ihe 

windlaas.     The  application  of  ihc  invention 

to   the  purpose  of  landing  and  embarking 

heavy  guns  ii  alto  of  great  importance,  as 

it  enable!   thii   operation   to  be  conducted 

oD  a  beach  with  perfect  lafety  to  Ihe  men  and  boat*,  at  timei  when  the  nuf 

ia  ao  great  aa  to  preclude  the  ponihility  of  boati  approaching  near  enough  to 

land  or  to  embark  in  the  unial  way ;  for  the  boat  (with  two  guna  suapended 

one  on  each  aide  of  the  keel,  b>  shown  in  Fiff.  2)  being  brought  to  anchor 

witboul  the  iurf,  a  nnall  lice  ia  the  only  conneziun  neceuary  with  the  ihore, 


by  which  line  tlie  larger  hauling  ronea  are  conveyed,  which  beine  made  fut 
to  the  guns,  the  latter  are  lowered  from  the  boat,  and  hauled  upon  the 
beach.     Should  the  operation  be  carried  on  where  there  ia  a  rine  and  fall  of 


the  tide,  and  the  gum  ibould  not  be  immediately  wanted,  it  will  be  only  nece»- 
aary  to  take  the  boat  in  at  high  water,  and  drop  the  guni,  which  may  be 
taken  up  m  the  tide  leaves  them;  in  either  case  the  boat  ii  fit  for  any  other 
■ervice,  without  risk  of  damage  by  being  kept  afloat.  The  interior  of  the  boat 
u  kept  clear  for  stowing  the  carriages  and  other  stores.  1'he  embarking  of 
gum  is  performed  in  the  tame  way,  care  being  taken  to  have  anchon  of  luffi- 
dent  power  to  moor  the  host  without  the  surf,  so  as  to  counteract  the  weight  of 
the  guns,  and  tlie  resistance  it  meets  with  in  being  hauled  off  from  the  shore. 
Boats  and  small  vessels  are  sometimes  built  flat-bottompd,  to  aUon  of  their 
going  into  ihaal  vater  when  required ;  and  in  order  that  they  ma .  carry 
a  sufficient  quantity  of  sni),  and  to  prevent  their  making  lee-way,  t'ley  are 
fitted  with  what  are  termed  sliding  keels.  These  were  liist  introduced  ii  to  this 
country  by  Admiral  Schank,  at  whose  instance  a  government  vessel,  which  was 
destined  for  a  surveying  vessel  at  New  Holland,  was  fitted  with  them.  These 
•liding  keels  consisl«d  of  three  stout  planks,  descending  through  water-tight 
wells  [0  a  considerable  depth  below  (he  ship's  bottom,  and  fitted  with  apparatus 
for  raising  or  lowering  them  at  pleasure.  TKe  narrow  edge  of  the  plank  being 
in  the  line  of  the  vessel's  keel,  presenlrd  but  little  resistance  to  the  vessel'a 
aailine.  whilst  the  pressure  of  the  water  upon  the  broad  surface  of  the  keels 
tended  to  counterbalance  the  effect  of  the  wind  upon  the  aails,  to  depress  the 
•bin,  and  materially  lessened  the  rolling,  and  also  prevented  the  vessel  going 
to  leeward,  as  she  must  otherwise  have  done,  awing  to  her  extreme  liglit  draft 
oC  water.  Altlicugb  a  favourable  report  was  made  of  the  invention,  it  was 
never  very  generally  adopted,  but  it  has  since  been  made  the  subject  of  a  patent, 
under  a  somewhat  different  form,  by  Moncrieffe  Willoughby,  Esq.  In  his 
arrangement  a  sliding  keel  of  iron,  made  very  massive,  is  firmly  attached  to 
strong  perpendicular  tron  bor^  which  are  made  to  slide  up  and  down  in  water- 
tight grooves  made  through  the  centre  of  the  hull,  thus  permitting  the  keels  to  be 


E rejected  to  any  required  depth  in  the  water,  and  to  be  drawn  up  at  pleasure 
y  means  of  a  simple  rack  and  pinioti  worked  by  a  winch  upon  the  deck.  The 
(fiding  keel  it  further  secured  or  supported  by  four  chain  stays,  two  on  each 


aide,  which  pass  over  the  gunwales,  and  are  tightened  on  board.  /^.  1 
tide  elevation  of  ■  vessel  fitted  with  a  sliding  keel  on  Mr.  Witloughby's  con- 
struction. Fig.  2  a  cross  section  of  the  vessel,  through  one  of  the  walei^ 
tight  trunks  of  which  the  suspending  bars  post.  Fig,  H  a  cross  section, 
exhibidne  Ihe  guyi  or  stays  attached  to  the  sliding  keel.  In  Fig.  1  the  ballaM 
keel  in  mmt  of  the  nupenden  is  cut  off,  for  the  purpose  of  preventing  the 


sonection  of  lea  needs,  nhich  would  impede  the  veuel'i  Htling.  Th«  iketch 
of  a  patent  btllaat-keeUd  lu^^r  under  a  preu  of  sail  require*  no  elucidation, 
except  to  remark  tliat  the  portion  below  the  boundary  line  of  the  water  repre- 
•ent*  the  keel  under  water.   LieuL  R.  Shuldhom's  metallic  iliiUDg  keel  reseniblea 
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the  common  lee  board  in  its  shape,  and  is  shown  in  the  annexed  diagram.    « 
represents  the  sliding  keel  lowered  down  into  the  water ;  the  dotted  line  b  the 


recess  into  which  the  keel  it  raised  or  de^MMited  when  not  used ;  e  the  joint  or 
fulcrum  upon  which  it  turns  on  bein^  raised  or  lowered.  One  great  objection 
to  the  plans  of  sliding  keels  is,  their  mterfering  with  the  keel  Mid  floor  timbers, 
which  must  be  cut  through,  thereby  weakening  the  vessel;  for  instance,  in 
Lieut  Shuldham's  plan,  the  keel  must  be  cut  through  longitudinally,  or  formed 
into  two  parts  throughout  nearly  the  whole  length  of  the  vessel,  or  at  least 
through  a  portion  as  bng  as  the  sliding  keel ;  they  are  also  liable  to  be  carried 
away,  owing  to  the  powerful  leverage  Uiey  afford  to  the  water,  and  the  difficulty 
of  stayingtnem  sufficiently,  without  forming  an  obstruction  to  the  speed  of  the 
vessel.  The  annexed  engraving  represents  a  simple  plan  for  preserving  the 
tholes  or  rowing  pins  of  a  boat,  the  loss  of  which  is  not  only  teasing,  but  often 
productive  of  senous  inconvenience.    Fixed  tholes  cannot  be  well  used  when 

H- 


k 


boats  are  to  be  hoisted  in  alongside,  as  they  are  subject  to  be  broken ;  they  are 
also  often  inconvenient  in  getting  in  water  casks,  as  well  as  in  many  other 
cases.  Hence  pins  which  can  be  unshipped  are  preferred ;  these  are  often  lost, 
and  the  want  is  not  always  discovered  until  it  cannot  be  replaced  ;  or  it  is  not 
replaced  without  a  loss  of  that  time  which  is  so  valuable  at  sea.  Very  oflen, 
also,  the  delay  of  a  minute  is  rendered  inconvenient  or  even  dangerous  when 
the  boat  is  dragging  alongside  by  the  painter  in  a  heavy  sea,  and  the  vessel  is 
either  drifting  or  standing  on.  The  drawing  requires  little  explanation.  By 
pulling  at  the  lower  pin  the  two  upper  ones  are  fixed  at  once,  and  on  being 
unshipped  they  hang  secure  from  loss,  while  the  lower  one  serves  as  a  spare 
thole  should  any  be  broken. 

Before  we  close  this  article  we  must  briefly  notice  Mr.  Gint's  ballasted  masts 
for  small  sailing  vessels,  the  ol]ject  of  which  invention  is  to  enable  the  boat 
constantly  to  retain  an  upright  position^  the  mast  alone  yielding  to  the  force  of  the 
wind.  Fig,  1  is  a  section  of  the  vessel,  and  Fig.  2  a  plan  oTthe  same,  a  represents 
the  hull  of  the  vessel ;  b  an  oblong  caisson  of  a  semicircular  section,  suspended 
at  each  end  upon  pivots  in  the  deck  beams,  at  the  point  c.  The  mast  is  stepped 
in  a  trunk  in  this  caisson,  and  secured  by  shrouds  brought  down  to  the  sides  of 
the  caisson,  and  by  a  fore-stay  proceeding  to  the  stem  of  the  vessel,  and  by  a 
back-stay  to  the  stem.  The  ballast  is  placed  evenly  in  the  bottom  of  the 
caisson.  Among  the  advantages  claimed  by  Mr.  Clint  for  this  constmction  are, 
first,  perfect  safety,  as  he  considers  it  impossible  a  vessel  can  ever  capsize. 
Secondly,  the  vessel  being  always  upright,  is  constantly  on  what  are  termed  her 
lines,  and  is  always  in  (Hm,  whereby  she  will  sail  faster  and  so  better  to  wind- 
ward ;  and  lastly,  that  the  ballast  being  suspended  in  air,  is  iS  more  effect  thaa 
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ballast  placed  in  thebottom, 
which  latter  being  identified 
with  the  veoel  in  the  water, 
loses  as  much  of  its  weight 
as  is  equivalent  to  its  bulk 
of  water,  whilst  the  sus- 
pended ballast  retaining  its 
whole  weight,  a  smtuler 
quantiW  will  be  required 
to  steaay  the  mast,  and  the 
vessel  itself  requiring  none,  '^ 
a  great  degree  of  buoyancy 
is  obtained.  Mr.  Gint  con- 
structed a  small  vessel  on 
this  principle,  and  made  a 
regular  series  of  experi- 
ments during  the  summer 
of  1825,  in  presence  of  a 
number  of  scientific  per- 
sons, and  officers  and  sea- 
men of  the  navy,  some  of 
whom  aecompanied  him  to 
Oravesend,  when  it  blew 
fir^h ;  and  from  the  great  satisfaction  eiven  by  its  performances,  the  Society  of 
Arts  voted  Mr.  Clint  their  large  medal,  or  twentv  guineas.  This  invention  is 
only  intended  for  such  vessels  as  are  not  employea  in  carrying  cargoes,  of  which 
clan  are  revenue  cutters,  pleasure  yachts,  &c. ;  nor  is  it  intended  for  vessels 
above  seventy  tons,  which  may  have  the  box  decked  in. 

BOAT  (Life).  A  boat  invented  by  Mr.  Henry  Greathead,  of  South  Shields, 
for  the  purpose  of  preserving  the  lives  of  shipwrecked  persons ;  and  so  well  has 
it  answered,  and  indeed,  exceeded,  every  expectation  in  the  most  tremendous 
broken  sea,  that  since  its  invention  not  fewer  than  200  lives  have  been  saved  at  the 
entrance  of  the  Tyne  alone,  which  otherwise  must  have  been  lost;  and  in  no 
instance  has  it  failed.  The  principle  of  this  boat  appears  to  have  been  suggested 
by  the  following  simple  facts  :  Take  a  prolate  spheroid  and  divide  it  into 
quarters,  in  the  line  of  its  longer  axis;  each  quarter  is  elliptical,  and  neariy 
resembles  the  half  of  a  wooden  bowl,  having  a  curvature  with  projecting  ends; 
this  being  thrown  into  the  sea  or  broken  water,  cannot  be  upset,  or  lie  with  the 
bottom  upwards.  The  length  of  the  boat  is  30  feet,  the  breadth  10  feet,  the 
depth  from  the  top  of  the  gunwale  to  the  lower  part  of  the  keel  amidships,  3  feet 
3  mches ;  from  the  gunwale  to  the  platform  within  2  feet  4  inches ;  nrom  the 
top  of  the  stems  (both  ends  beinff  alike)  to  the  horizontal  line  of  the  bottom  of 
the  keel  5  feet  9  inches.  The  sides  from  the  under  part  of  the  gunwale  alone 
the  whole  length  of  the  regular  shear  extending  21  feet  6  inches,  are  cased  with 
layers  of  cork  to  the  depth  of  1  foot  4  inches  downwards,  and  the  thickness  at 
the  top  4  inches,  projecting  a  little  without  the  gunwale ;  the  cork  on  the  out- 
side is  secured  with  thin  plate  or  slips  of  copper,  and  the  boat  is  fastened  with 
copper  nails.  The  thwarts  or  seats  are  five  in  number,  double  banked,  that  is, 
two  rowers  sit  upon  each  thwart,  so  that  the  boat  can  be  rowed  by  ten  oars» 
The  side  oars  are  short,  with  iron  tholes  and  rope  grommets,  so  that  the  rower 
can  pull  either  way.  The  boat  is  steered  by  an  oar  at  each  end,  and  the  steering 
oar  is  one-third  longer  than  the  side  oars.  The  platform  along  the  bottom  is 
horizontal,  the  length  of  the  midships,  and  elevated  at  the  ends  for  the  con- 
venience of  the  steersman.  The  internal  part  of  the  boat  next  the  sides,  from 
the  under  part  of  the  thwarts  down  to  the  platform,  is  cased  with  cork,  the 
whole  quantity  of  which  affixed  to  the  life-boat  is  nearly  7  cwt.  The  parti- 
cular construction  of  this  boat  will  be  best  understood  by  referring  to  the 
engravine.  Fig.  1  representing  a  cross  section  of  the  boat,  and  Fig,  2  a  longi- 
tumnal  devation.  F  F  the  outside  coatings  of  cork ;  G  6  the  inside  cork 
fittings ;  H  H  the  outside  planks  of  the  boat ;   I  I  the  stems ;   K  the  keel ; 
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N  N  timber  heads ;  P  the  thwarts,  or  rowers'  teats ;  R  stanchion  to  support 
the  thwart ;  S  section  of  a  gang^board,  which  crosses  the  thwarts  and  fomis 
the  passage  from  one  end  of  the  boat  to  the  other.  T  the  platform  for  Uie 
rowers'  feet ;  U  U  the  two  bUge  pieces,  nearly  level  with  the  keel ;  W  W  the 

Fig,  I. 


gunwales ;  X  X  rine  bolts  for  the  headfast,  one  at  each  end ;  Y  platform  for  the 
steersman  ;  £  £  £  the  sheer  or  curve  of  the  boat ;  L  L  the  aprons,  to  strengthen 
the  stems ;  M  M  the  sheets,  or  places  for  passengers ;  O  O  O  the  tholes  on  which 
the  oars  are  hunp;  by  grommets.    After  the  value  of  the  invention  was  attested 
by  the  presentation  of  a  gold  medallion  to  Mr.  Greathead,  by  the  Society  of 
Arts,  as  also  one  by  the  Royal  Humane  Society,  and  various  gratuities  in  money, 
parliament  in  1802  unanimously  voted  him  1,200/.    The  Committee  of  Under- 
writers at  Lloyd's  Coffee  House,  having  voted  Mr.  Greathead  100  guineas, 
appropriated  2000/.  of  their  funds  for  the  purpose  of  encouraging  the  building 
of  life-boats  on  different  parts  of  the  coasts  of  the  kingdom.    Great  numbers 
of  these  boats  have  since  oeen  constructed  for  all  parts  of  our  coasts,  as  well  as 
for  those  of  foreign  nations.     But  as  it  most  frequently  happens  that  vessels 
are  wrecked  on  coasts  where  there  are  no  life-boats,  or  that  ttom  the  darkness 
of  the  night  or  the  strength  of  the  wind  and  sea  a  life  boat  may  not  be  able  to 
reach  the  vessel  in  time  to  afford  succour,  it  is  highly  desirable  that  all  vessels 
should  carry  with  them  the  means  of  safety  for  their  crews ;  and  accordingly 
numerous  plans  have  been  suggested  of  converting  the  ordinary  boats  of  a  snip 
into  life-boats  to  meet  these  emergencies.     Of  uiese  plans  we  select  that  of 
Captain  Henry  Gordon  as  amongst  the  most  simple  and  efficacious,  whilst  it  in 
nowise  interferes  with  the  ordinary  services  for  which  the  boats  may  be  required. 
It  consists  in  attaching  to  the  exterior  of  the  boat  a  species  of  buoy,  of  a  trian- 
gular form,  which,  whilst  it  adds  greatly  to  the  buoyancy  of  the  boat,  saves  it 
from  concussions,  offers  little  obstruction  to  its  progress,  and  can  be  attached  or 
removed  as  occasion  may  require,  with  great  facility  and  dispatch.   Fujf.  1  (pa^ 
195)  shows  the  buoy;  Fiff.  2  an  end  view  of  the  same ;  and  Fig.  3  represents  it 
fitted  to  a  boat    'The  buoy  is  composed  of  fine  Spanish  cork,  and  consists  of 
eight  rows,  each  row  being  a  foot  longer  than  that  immediately  below  it   £ach 
row  is  constructed  of  pieces  of  cork  1  foot  lone^,  6  inches  wide,  and  about 
H  inch  thick,  laid  three  thicknesses  together,  and  then  placed  end  to  end  till 
of  the  required  length,  (which  in  the  drawing  is  represented  at  nine  feet  for  the 
upoer  streak,)  and  then  formed  into  one  streak  by  lengths  of  split  bamboo, 
laid  on  all  four  sides,  and  well  sewed  together  by  strong  cord  covered  with  shoe- 
maker's wax.    Tlie  different  streaks  are  fastened  together  by  four  ropes,  which 
are  seized  together  between  each  streak ;  when  used,  the  ends  are  drawn  under 
the  keel  till  the  lower  streak  touches  it,  and  then  brought  up  over  the  side  and 
fastened  to  the  thwarts ;  the  other  triangle  is  in  like  manner  drawn  up  under 
the  boat's  bottom  on  the  opposite  side  and  fastened.    Two  buoys  to  the  scale  of 
that  shown  in  the  engraving  contain  14|  cubic  feet  of  water;    and  if  attached 
to  a  boat  28  feet  long,  and  capable  of  containing  twenty-four  men,  would  leave 
a  buoyancy  of  718  lbs.  for  their  support     Large  boats,  such  as  those  capable 


men,  instead  of  a  sbgle  large  triangU  on  each  lide,  ihould 

luTe  three  of  9  feet  length  each,  by  wliich  meuu  the  same  triangles  might  be 
made  to  serve  boats  of  different  sizes,  by  which  the  expenses  of  outfit  would  be 
materially  reduced,  and  triangle*  of  the  above  dimenuoo*  would  abo  be  more 


tnanageable,  eaiier  put  on  or  taken  off,  and  more  eatily  ttowed  awBT  than  laiga 
ones.  Thus  the  launch,  rowiiu  twenty-foar  oars,  with  seventy-n*e  men  on 
board,  might  be  fitted  in  the  following  manner  :  the  barge's  triangle  fixed 
amidships,  the  cutter's  on  the  bow,  and  the  jolly  boat's  on  the  quarter;  tho 
launch  «r<)|itd  then  be  rendered  completely  buoyant  without  any  additional 
expense.  The  contrivance  combines  leTeral  advantages ;  it  is  extremely 
simple,  and  offers  the  beat  security  under  similar  circumstances;  it  is  so  reason- 
able in  its  cost  as  to  admit  of  every  merchant  vessel  being  supplied  with  it;  and 
not  being  a  fixture,  it  can  be  at  any  time  removed,  so  a«  to  be  no  additional 
wri^t  when  a  boat  is  being  hoisted  in  or  out.  It  is  particiilvly  advantageous 
for  the  preventive  service,  to  approach  vessels  and  visit  them  when  no  other 
boat  can ;  for  a  blow  that  would  stave  a  boat,  would  not  penetrate  the  triangis 
awing  to  iU  elasticity.  At  sea,  also,  it  might  lake  up  a  dniwning  man  in  a^le 
of  wind,  when  no  other  boat  could  live. 

BOILER,  in  its  most  extended  sense,  implies  any  vessel  employed  for  pro- 
ducing the  ebullition  of  liquids ;  thus  the  ordinary  domestic  pots  and  kettles, 
lirewingsnd  washing  coppers,  as  well  as  all  kinds  of  vessels  usedfor  heatins  liquids 
invBriousmanufaGturingoperatioQs,coine  under  this  denomination.  Ourhusines* 
in  this  place  is,  however,  the  description  of  that  important  apparatus  wherein 
is  generated  the  source  of  that  power  which  is  regulated  and  applied  by  tho 
steam  engine ;  previous  to  which,  we  sh^  make  a  few  observations  on  the 
requisite  properties  of  steam  boilers  in  general.  The  first  and  moat  im^rtant 
quality  we  connder  to  be  tafeti/  from  explosion,  for  unless  this  be  attained,  so 
t«  to  nndcr  panonal  danger  improbable,  such  binlers  should  not  be  used  at  alL 
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The  next  in  importance  it  ^tetwenem,  or  that  which  will  produce  the 
quantity  of  steam  by  the  coosumiition  of  the  least  quantity  of  fbel.  Cheipmm 
in  the  cost  of  construction,  and  aurability  in  the  wear,  may  he  ranked  as  the 
tiiird  requisite.  The  fourth  is,  perhaps,  ccmvemmee^  or  that  which  can  he  worked 
with  the  utmost  facility,  that  will  require  the  least  personal  attention,  and  will 
occupy  the  least  space.  That  boiler  which  combmes  the  four  qualities  just 
mentioned,  and  possesses  each  in  the  most  eminent  degree,  may  be  deemed  a 
perfect  one.  The  materials  principally  used  at  present  for  the  construction  of 
iMflers  are  iron  and  copper,  Uiough  boilers  have  been  made  of  wood  and  stone. 
In  those  formed  of  wood  Uie  furnace  was  of  necessity  placed  internally,  sur- 
rounded by  the  water;  and  as  wood  is  an  extremely  bad  conductor  of  heat, 
but  little  loss  of  it  was  sustained  by  radiation  therefrom,  while  a  considerabls 
economy  of  fuel  was  consequently  effected.  The  cost  of  such  was  also  small, 
compared  to  those  of  metal ;  they  were  introduced  in  America  by  Chancellor 
Livingstone  and  Mr  Anderson.  Boilers  of  stone  were  introduced  by  Mr.  Brindley, 
who,  m  1756,  erected  a  steam  engine  near  Newcastle-under-Lyne,  with  a  boiler 
of  Uiis  description.  It  was  composed  of  brick  and  stone  firmly  cemented 
toother,  and  the  water  was  heated  by  iron  flues.  The  material  of  which  a 
boder  is  constructed  is  of  more  consequence,  in  an  economical  point  of  view,  than 
is  usually  supposed,  as  the  heat  cannot  be  communicated  to  the  water  without 
being  first  transmitted  through  the  substance  of  which  it  is  formed.  M.  Despretx, 
who  made  a  series  of  very  accurate  experiments  to  determine  the  comparative 
power  of  different  substances  for  conducting  heat,  obtained  the  following  results : — 

Gold 1000.0 

SUver 973.0 

Platina 981.0 

Copper 898.2 

Iron 374.3 

Zmc    363.0 

Tin 303.9 

Lead 179.6 

Marble     23.6 

Porcelain     12.2 

Fire  bricks 11.4 

The  conducting  power  of  copper  being  thus  more  than  double  that  of  iron,  offers 
very  great  advantages ;  but  there  are  other  considerations  to  be  entered  into 
before  determining  to  which  the  preference  is  due,  especially  their  comparative 
cohesive  strength  and  cost  A  ccordinff  to  some  experiments  the  copper  was  found  to 
be  the  strongest,  but  that  was  probably  owing  to  the  iron  being  of  mferior  quality, 
as  most  phiuMophers  have  agreed  in  attrilmtmg  superior  cohesive  s|pngth  to 
iron.  Notwithstanding  this  circumstance,  from  the  greater  uniformity  of  the 
texture  of  sheet  copper  over  that  of  iron,  manufacturers  usually  construct  copper 
boilers  of  thinner  plates  than  those  of  iron,  that  have  to  withstand  the  same 
pressure  of  steam.  Experience  has,  we  believe,  established  this  as  a  rule,  pro- 
bably firom  observing  that  when  a  copper  boiler  bursts,  it  only  Uan  open,  mile 
a  boder  of  wrought  iron  plates  is  often  Uown  to  pieces.  The  cost  otcopper  is, 
however,  four  times  that  of  iron ;  but  if  it  be  admitted  that  the  quantity  of  heat 
passing  through  iron  in  a  given  time  can  be  doubled  in  copper,  it  follows  that 
a  copper  boiler  having  only  half  the  superficies  of  one  of  iron,  exposed  to  the 
action  of  the  fire,  wiU  be  adequate  to  the  generation  of  the  same  quantity  or 
force  of  steam.  This  circumstance,  therefore,  greatly  reduces  the  weight  of  the 
copper  boiler,  and,  consequently,  its  first  cost  is  made  to  approximate  more  to 
that  of  the  iron  boiler  of  double  the  siie.  Increased  strength  is  likewise  acquired 
by  the  reduced  dimensions  of  the  copper  boiler,  so  as  to  permit  of  a  decrease  of 
the  pre-supposed  thickness  of  metal ;  and  thus  the  ffreatly  enhanced  price 
per  pound  pi  a  copper  boiler  over  that  of  an  iron  one,  which  alarms  many  steam 
engine  proprietors  from  ordering  them,  is  very  much  disproportioned  to  the  cost 
of  the  entire  vesseL  When  an  iron  boiler  is  worn  out,  the  old  metal  is  scarcely 
worth  the  expense  of  removal ;  but  when  one  of  copper  is  decayedi  the  old 
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metal  is  worth  three-fourths  of  its  original  cost  These  considerations,  together 
with  the  increased  safety  and  reduced  bulk  of  copper  boilers,  inclines  us  to 
believe  that  in  a  course  of  years  their  use  will  be  found  more  economical  than 
those  of  iron.  In  the  construction  of  boilers  of  the  ordinary  form  (that  is,  such 
as  consist  of  a  capacious  sinele  chamber),  the  bottom  surface  should  be  of  suffi- 
cient extent  to  ^e  capable  oi  absorbing  as  much  heat  as  will  be  necessary  to  pro- 
duce tlie  required  quantity  of  steam,  what  little  heat  may  be  eiven  out  laterally 
serving  to  prevent  condensation  in  the  upper  part  of  the  vessel ;  and  the  smoke, 
before  it  enters  the  chimney,  should  be  roobea  as  much  as  possible  of  its  heat  by 
being  brought  into  contact  with  the  conduit  pipe,  by  which  the  boiler  is  supplied 
with  cold  water.  It  has  been  stated  by  a  scientific  authority  that  there  is  a  con- 
siderable waste  of  fuel  in  producing  steam  by  intensity  of  heat  upon  a  small 
surface,  and  that  the  appneation  of  a  moderate  heat  (8OO0  Fahr.)  is  far  more 
economical.  A  cubic  foot  of  water  converted  into  steam  per  hour  was  reckoned 
by  Mr.  Watt  as  equivalent  to  one  horse's  power,  who  observed  that  this  quanti^ 
of  steam  could  be  raised  per  hour  by  8  feet  of  surface  of  boiler  and  flue,  in  a 
judiciously  constructed  furnace.  In  practice,  it  is  usual  to  allow  from  4  to  A  feet 
of  bottom  surface  of  boiler  to  raise  1  cubic  foot  of  water  into  steam  per  hour. 
It  is  considered  essential  that  a  boiler  should  contain  four  or  five  times  as  much 
water  as  it  boils  off  per  hour ;  and  it  is  obvious  that  it  should  have  a  space  above 
the  water  capable  of  containing  as  much  steam  as  will  supply  the  engine  at  each 
stroke,  without  materially  diminishing  its  elastic  force.  For  this  purpose,  the  steam 
room  (or  space  above  the  water)  should  hold  a  volume  equal  to  the  supply  of  eight 
or  ten  strokes  of  the  engine  :  in  large  engines  it  is  not  unusual  to  employ  two, 
three,  or  more  boilers,  to  supply  them  with  steam ;  one  of  them  being  reserved  for 
use,  in  case  of  repairs  being  required  to  the  others.  In  fact,  a  spare  boiler 
should  be  provided  wherever  stoppages  are  of  serious  importance  in  a  concern. 
The  strength  of  low-pressure  bouers  should  be  twice  the  regulated  pressure  on 
the  safety-valve ;  but  high-pressure  boilers  should  be  proved  to  at  least  three 
times  their  working  pressure.  Upon  the  form  of  boilers  much  of  their  strength 
and  their  efficacy  in  the  generation  of  steam  depend.  The  earliest  boilers 
employed  for  generating  steam,  and  applied  as  a  motive  force,  with  which  we  are 
acquainted,  were  either  globular  or  hemispherical,  with  flat  or  concave  bottoms ; 
and  many  of  these  are  still  in  use  for  the  supply  of  high-pressure  engines.  In 
situations  where  fuel  is  so  abundant  as  to  render  needless  any  economy  of  it» 
they  may  continue  to  be  used  with  advantage,  as  their  form  adapts  them  to 
withstand  steam  of  great  elastic  force.  The  waste  of  fuel  caused  by  them, 
elsewhere,  led  to  a  very  general  substitution  of  boilers  of  an  oblong  form ;  and  those 
known  by  the  term  of  **  waggon  boilers,"  from  their  shape,  formed  one  of  the 
many  improvements  of  the  steam  engine  introduced  by  Watt.  A  longitudinal 
section  of  a  boiler  of  this  kind  is  represented  by  Fi^.  1  in  the  subjoined  engraving, 
fitted  up  with  all  the  appendages  now  generafiy  applied,  and  set  in  a  furnace  of 
the  usual  construction,  a  a  ah  the  boiler,  having  a  cylindrical  return  flue  b 
throughout  its  length ;  the  form  of  these  parts  will  be  best  understood  by  con- 
sidering them  with  reference  to  Fig,  2,  which  shows  the  figure  of  the  boiler  iu 
its  cross  section,  b  being  the  return  flue ;  this  portion  of  the  boiler  should  be 
always  placed  near  to  the  bottom,  and  be  constantly  kept  covered  with  the  water,  as 
seen  at  c  in  the  drawing.  The  flame  and  smoke  from  the  furnace  d  first  passes 
under  the  boiler,  then  returns  through  the  flue  b  to  the  front,  where  the  current 
is  divided,  and  passing  to  the  right  and  left  through  lateral  flues  in  the  brick- 
work (one  of  which  is  brought  into  view  at  e  e)  before  it  enters  the  chimney//. 
The  water  is  supplied  to  the  boiler  by  the  feed-pipe  p,  which  is  made  to  contain 
a  column  of  water  equal  to  the  amount  of  pressure  m  the  boiler.  On  the  top  of 
this  pipe  is  a  cistern  A;  t  is  a  float,  made  of  stone,  suspended  by  a  wire  passing 
througn  a  stuffing-box  i',  which  is  attached  to  one  extremity  of  a  lever,  whose 
fulcrum  is  at  £,  a  weight  /  being  suspended  to  the  extremity  of  the  other  arm 
of  the  lever  sufficient  to  counterbalance  the  difference  between  the  specific  gravity 
of  the  stone  and  the  water,  causing  the  former  to  lie  on  the  surface  of  the  latter. 
By  this  arrangement,  when  the  water  sinks  below  the  proper  level  in  the  boiler, 
the  stone  float  descends  with  it,  causing  the  attached  wire  to  operate  upon  tlie 
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lerer  abore,  ud  lift  the  *d*e  ibawn  in  Um  cutera  *,  vbich  then  attarit  ■  tteA 
juppljr  of  water.  The  fted  pip«  likewue  contaiiu  an  iron  bucket,  hung  by  a 
cfajun  that  paiiu  ojtr  two  puUeyi  o  o;  the  other  end  of  the  chain  is  attached 
toaplate  of  uxin  p,  called  the  damper,  which  ii  uwd  to  enlarge  or  contract,  and, 


when  required,  entirel;  clow  the  throat  of  the  chimney.  By  thii  eonCriTaiice, 
when  the  ateam  in  the  boiler  ie  ui^d  to  too  great  on  extent,  ila  pressure  force* 
the  water  in  the  feed  pipe  upwards,  thereby  raising  the  bucket  m,  and  cauiine 
it*  counterbalance,  the  oamper,  to  deacend  In  the  throat  of  the  chimney,  and 
reduee  the  intensity  of  the  nre.  At  g  and  r  are  two  guage-cocki,  by  which  the 
proper  height  of  the  water  in  the  boder  may  be  always  ascertained,  tf  g  dis- 
ciiarges  water,  and  r  tieun,  the  water  is  at  the  proper  height ;  if  both  cocki 
discharge  water,  it  ii  above  iti  proper  height ;  and  if  both  dischai^e  steam,  it 
is  below  its  proper  height  This  latter  circunutance,  which  can  only  take  place 
by  the  defective  action  of  the  last  described  apparatus,  is  of  serious  moment, 
and  requires  an  immediate  remedy  j  the  most  safe  is,  in  our  opinion,  the  reduction 
of  the  fire,  by  stopping  up,  by  the  readiest  means  at  hand,  all  access  of  air  to 
the  grate,  after  which,  attention  may  be  paid  with  confidence  to  removing  the 


room  of  the  boiler,  and  the  other  open  to  the  atmosphere.  This  tube  is  partly 
filled  with  mercury,  and  into  the  externally  open  end  is  put  >  alight  rod  of  woo^ 
which  floats  perpendicularly  in  the  mercury,  and  shows  by  its  altitude,  on  a 
divided  scale  of  mches  affixed  to  that  leg  of  the  tube,  the  pressure  of  the  steam. 
If  the  steam  raise*  the  mercury  or  rod  one  inch,  it  proves  that  Che  pressure  is 
one  half  pound  per  square  inch  on  the  internal  surface  of  the  boiler,  tending  to 
burst  it;  for  if  the  section  of  the  bore  of  the  pipe  was  just  one  inch,  the  pressnre 
would  be  tnpporting  one  cubic  inch  of  mercury,  which  will  be  tbund  to  weigh 
nearly  half  a  pound;  therefore,  for  every  two  inches  rise,  one  pound  pressure 
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m^  b«  redoned ;  and  u  condeniing  enrinei  leldom  work  with  intire  than 
three  or  toot  pound*  jatiam  upon  the  inch,  the  icale  need  not  be  longer  than 
e^ht  or  nine  mchet  For  preventing  the  prenure  becoming  greater  than  the 
bffller  ii  calculated  to  nutain  oilhout  inmrring  danger,  ■  ttfetj-valve  u  a  pro- 
Tided.  Thii  i>  nniall;  a  circular  piece  of  metal,  with  a  conical  periphery  ground 
to  fit  into  a  ccnical  aeat,  aiid  kept  there  h^  the  preiiure  of  a  lever,  loaded  with 
a  dMermJaate  weight,  that  will  not  luffer  it  to  nte  until  the  itesm  hai  acquired 
•n  ncsM  at  force  above  that  reqiiired  for  working  the  ci>gine,  or  would  endanger 
the  Uuiting  at  the  boiler.  In  lai^  boilers,  eipeciall)i  thoae  in  Iteun  boati,  it 
ii  DKul  to  have  another  ufety  valve,  incloied  in  a  box  under  lock,  ike  key  being 
kept  by  the  chief  manager,  to  prevent  the  posribiliiy  of  improper  interference 
with  it,  by  ignorant  or  imprudent  pertone:  by  the  neglect  of  wbich  precaution 
many  aeriotu  accidenta  have  occurred.  The  ateam  which  eecapea  front 
aafety  valvei  ii  generally  conducted  by  a  pipe  from  the  valve  boxe*  into  the 
chimney.  At  t>  *  ia  the  iteam-pipe  by  which  Che  engine  ia  nipplied,  the  quantity 
being  regulated  by  a  throttle-vaJve  at  it,  and  a  acrew-down  valve  at  s.  For  the 
purpoae  of  cleanbg  oat  or  examining  the  condition  of  the  boiler,  a  circular  or 
aval  hole  g  ii  made  sufficiently  large  to  admit  a  man  to  past  through,  and 
therefore  tailed  the  man-hole.  It  i>  covered  by  a  itmng  plate  of  iron  bolted 
down,  in  which  plate  ia  uiually  fitted  the  atmospheric  or  vacuum  aafety  valve  m, 
which  opena  inwarda  by  the  preuure  of  the  atmoaphere,  preventing  the  latter 
force  from  injuring  the  boiler,  ahould  a  vacuum  be  formed  by  condenaation 
within.  A  cock  and  pipe  leading  from  the  bottom  of  the  boiler  i*  employed 
for  diacharging  it  of  ita  content!  Neit  to  the  waggon-ahaped  boilera  of^Watt, 
those  of  a  long  cylindrical  form  have  been  the  most  eitenaively  employed, 
eapecially  for  higb-preaaure  engines,  on  account  of  their  superior  strength  ; 
brides  as  afibrdiug  a  considerable  surface  for  the  direct  action  of  the  fire  and 
heated  eases.  They  are  usually  known  in  thia  country  by  the  term  "  Trovithick 
boilera,'  fhim  the  supposition  that  Mr.  Trevithick  wsa  the  inventor.  We,  how- 
ever, obaervei  that  Mr.  Oliver  Evana,  of  America,  describes  them  as  being  used 
by  him  in  his  high-pressure  engine,  prior  to  the  patents  of  Mi.  IVeritbick,  and 
aa  Hr.  Evana  does  not  claim  them,  we  may  suppose  they  were  in  n*e  before  hii 
-^    -       Cylindrical  boilera  " 


length,  ten,  twelve,  or  more 
times  their  diameter,  and  are 
preferable  of  micfa  proportions, 
where  tbrir  situation  will  admit 
ci  it,  for  the  reasons  before 
mentioned.  In  thia  country 
their  extremities  are  usually 
made  hemispherical;  but  in 
America  the  end*  are  uaually 
doaed  by  flanged  disks  of  great 
tbickneM,  on  account,  we  sup- 
pose, of  the  greater  facility 
of  cooatructioD  by  ordinary 
workmen.  Theae  boilen  are 
generally  provided  with  an  in- 
ternal mie,  through  which  the 
healed  air  and  flames,  after  tra- 
velling the  length  of  the  under 
side  of  the  boiler,  paaa  before 
entering  the  chimney.  The 
annexed  diagram  repreaents  a 
transverse  section  of  a  small 
high-preuure  cylindrical  boiler, 
aa  wantifactur^  by  Mr.  Saun- 
den,  late  of  Sheffield,  but  now 
of  New  York,  U.  8.  The  funuce 
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door  ii  at  a ;  b  the  furnace ;  . 

ly  of  water,  by  id 
is  the  flame  and  heated  a 
_[)ifer;  A  the  iteam  pipe  leading  to  the  engine. 

The  boiler  fitted  in  the  annexed  cut,  ii  of  a  cjlindrical  figfu 
part,  but  combine!  lonie  pecuIieHUea  that  are  deserring  of  notice. 
patented  arrangement  by  Meara.  Horton  and  Fiaher,  who  are  large  boilar 
manuiacturers,  near  Binningham.  llie  o^ect  of  it  ii  to  form  a  mervoir  of 
iteam  within  the  boiler,  ■urroiinded  by  the  not  water,  in  order  that  the  prewura 
of  the  aleam  may  not  he  reduced  by  radiation,  which  the  inventor*  presume  to 
be  the  caae  in  a  greater  degree  in  trailera  of  the  ordinary  eonetruclkoi.     ^.  I 


through  the 
ieure  in  the  ]ow«r 


la  a  longitudinal  lection  of  the  boiler,  and  Hg.  2  a  Crannverse  lection 
of'tbe  aame  :  the  letters  of  reference  anply  to  limilar  parti  in  each  view,  aaa 
•howa  the  extemel  form  around  which  the  tiimace  and  fines  are  to  be  eon- 
•tructed ;  i  i  t  is  (he  internal  veuel  or  retervoir,  for  containing  the  steam 
generated,  surrounded  by  Vhe  water  which  is  supplied  bj  the  tube  o  o  from 
■notber  reservoir  pieced  above,  but  not  introduced  into  the  drawing.  The  heat 
having  caused  the  steam  to  fill  the  upper  part  of  the  boiler  d,  it  passes  thence 
throuSi  the  bent  tube  e  into  the  steam  reservoir  b  below,  from  whence  it  is  con- 
ducted to  the  engine  1w  the  steam  pipe  e,  the  top  of  which  h  is  designed  fur 
the  situation  of  the  safety  valve.  At/is  a  cock  for  drawing  off  whatever  water 
may  be  condensed  in  the  steam  chamber,  and  at  /c  may  be  placed  snothor  for 
dischai^g  the  boiler.  At  /  f  are  man-holes  for  gaining  access  into  the  interior. 
We  do  not  ourselves  perceive  how  the  intention  of  the  patentees  to  make  the 
tntemal  vessd  b  b  a  store  of  high  steam  for  the  supply  of  the  engine,  can  be 
•Sbcted  by  this  arrangement,  for  the  hottest  steam  wiU  be  rather  disposed  to 
obey  the  laws  of  nature,  and  OMcend  into  the  upper  vessel  through  the  bent  tube, 
than  dttcend  through  the  same  to  the  lower  vessel,  according  to  the  desire  of  the 
contrivers.  It  must,  however,  be  admitted  that  there  is  a  considerable  d^ree  of 
originality  in  this  boiler,  and  it  may  prove  a  useful  and  effective  generator  of  steam. 
In  \%03,  Mr.  Woolf  patented  his  boiler,  which  has  obtained  much  deserved 
celebrity.  It  has  been  for  many  years  very  extensively  and  lucceasfuUy  employed 
in  Comwalli  for  the  production  of  steam  for  the  large  mining  engines  there. 
We  have  already  observed  that  tlie  long  cylindrical  boDers  possess  great  advan- 
tages over  those  of  a  cubiform  or  rotund  figure.  To  increase  their  safe^,  and 
their  capability  of  producing  steam  at  very  high  preuures,  Mr.  Woolf  greatly 
ezlendnl  the  principle  of  the  cylindiica]  form.  One  of  the  most  simple  of  this 
^ntleman's  construction  consists  of  eight  tubes  of  cast  iron  (of  six  or  more 
inches  in  diameter),  connected  to  each  other  by  a  bent  tube  at  their  extremities, 
with  communications  to  a  lai^r  c;j'liiider  above  them,  employed  as  a  reservoir 
fiir  the  steam.  The  furnace  is  ^vided  by  a  wall  iongitudinally  into  two  parts, 
and  the  eight  tubes  are  fixed  horizontally  across  botli  these,  llie  fuel  chamber 
ii  at  one  citremity  of  one  of  the  diviuous,  and  arched  above  the  two  first  tube*. 
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fo  as  to  reverberate  the  flames  and  heated  vapours,  which  then  pass  under  the 
third  tube,  over  the  fourth,  under  the  fifth,  over  the  sixth,  under  the  seven^, 
and  partly  over  and  partly  under  the  eighth  tube,  when  the  flue  turns  into  Uie 
second  division  of  the  furnace,  on  the  othei  side  of  the  wall,  built  under,  and 
in  the  direction  of,  the  large  steam  cylinder  before  mentioned.    Passing  now 
under  the  seventh  cylinder,  the  course  of  the  flue  is  over  the  sixth,  under  the 
fifth,  over  the  fourth,  under  the  third,  over  the  second,  and  partly  over  and 
partly  under  the  first,  when  it  enters  the  chimney.    To  produce  this  long  ser- 
pentine reverberation,  the  upper  and  under  side  of  the  brick-work  is  formed  in 
arches,  alternately  reversed,  their  extremities  abutting  against  the  tubes,  covering 
about  a  sixth  part  of  their  circumferences,  but  exposing  the  rest  to  the  action 
of  the  current  of  heated  matters  irom  the  fire.    £ach  of  the  tubes  is  provided 
with  a  flanged  disk  at  one  end,  fastened  on  by  screw  bolts,  that  they  may  be 
easily  removed,  and  the  tubes  cleaned  out  at  pleasure  fix>m  sediment  and  in- 
cmstations.     The  water  carried  off*  by  evaporation  is  replaced  by  the  usual 
means  of  a  force  pump,  and  the  steam  generated  is  conducted  to  the  engine  or 
other  object,  bv  a  tube  connected  to  the  steam  reservoir.     "  It  may  not  be  im- 
proper," says  Mr.  Woolf,  "  to  call  the  attention  of  those  who  may  hereafter  wbh 
to  construct  such  apparatus,  to  one  circumstance :  namely,  that  in  every  case, 
ihe  tubes  composing  the  boiler  should  be  so  combined  and  arranged,  and  the 
furnace  so  constructed,  as  to  make  the  fire,  the  flame,  and  the  heated  air,  to  act 
around,  over,  and  among,  the  tubes,  embracing  the  largest  possible  quantity  of 
their  surface*    It  must  be  obvious  to  any  one  that  the  tubes  may  be  made  of 
any  kind  of  metal ;  but  I  prefer  cast  iron  as  the  roost  convenient    The  size  of 
the  tubes  may  be  varied ;  out  in  every  case  care  should  be  taken  not  to  make 
their  diameter  too  great;    and  it  must  be  remembered,  that  the  larger  the 
diameter  of  any  single  tube  in  such  a  boiler,  the  stronger  it  must  be  made  in 
proportion,  to  enable  it  to  bear  the  same  expausive  force  as  the  smaller  cylinders." 
Mr.  Woolf  also  directs  that  the  lower  tubes  should  be  always  kept  JUUd,  and 
the  upper,  or  steam  cylinders,  half  filled  with  water,  that  is,  as  high  as  the  fire 
IS  allowed  to  reach,  and  that  in  no  case  the  water  ought  to  be  allowed  to  get  so  low 
as  not  to  keep  full  the  branches  which  join  the  lower  tubes  to  the  upper  cylinder. 
The  annexed  engraving  exhibiU  an  arrangement  of  parts  combtnmg  the 
leading  features  of  several  previous  inventions,  and  was  patented  by  Mr.  Thomas 
Tippet,  of  Gwennap,  in  Comw^  in  1828.    Fiff.  1  represents  an  end  view,  and 
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/V:2  a  side  view  of  the  boiler;  the  same  letters  of  reference  in  each  indicating 
similar  parts,  a  is  a  large  cylindrical  boiler,  containing  an  internal  cylinder, 
which  constitutes  the  fire  place  and  principal  flue.  From  the  external  cylinder, 
which  contains  water,  proceed  three  rows  of  open  vertical  pipes  b  b  b,  which 
support  a  semi-cylindrical  steam  vessel  e.  At  the  farthest  extremity  of  the 
cylinder  a  there  proceeds  horizontally  a  short  open  pipe  d^  communicatmg  with 
a  small  supplementary  boiler,  which  is  a  cylinder  of  the  same  area  as  a,  but 
very  short.  This  boiler  is  built  in  a  furnace,  in  which  ^e  flues  are  so  arranged 
that  the  heated  air,  in  passing  out  at  the  end /of  the  furnace  flue,  shall  impinee 
against  the  flat  side  of  the  supplementary  boiler;  the  flue  thence  proceeds 
Inwards,  and  along  the  underneath  flat  side  of  the  semi-eylindrical  vessel. 
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between  the  vertical  tubes  to  the  front  of  the  boiler,  where  it  deeoenda,  passing 
under  the  bottom  of  the  latter,  then  round  the  back  of  the  supplementary  boiler, 
and  over  the  top  of  the  semi-cylinder  to  the  chimney,  which  is  in  front,  nearly 
over  the  furnace  doors. 

An  ingenious  attempt  to  expose  water  in  thin  sheets  over  an  extended  surface 
of  metal,  was  made  bv  Mr.  John  M'Curdy,  from  the  United  States,  who  patented 
it  in  this  country.  •  It  consisted  of  a  series  of  cvlinders,  with  spherical  ends, 
arranged  horizontaUy  like  retorts,  in  a  pyramidal  form,  in  a  fUmace,  so  as  to 
cause  the  heat  as  much  as  possible  to  unpinge  against  their  surfaces,  in  its 
ascent  amongst  them  to  the  flue  above.  Each  of  these  cylinders  contained 
within  it  another  cylinder,  of  so  much  less  diameter  than  the  outer,  as  to  leave 
between  them  Uiroughout  a  verv  narrow  space,  the  uniformity  of  which  space 
was  preserved  by  couing  a  spiral  band  upon  the  outside  of  the  inner  cylinder,  or 
other  suitable  contrivance.  These  latter  cylinders  were  hermeticaUy  closed  at  each 
of  their  ends,  and  were  placed  inside  the  fonner  to  produce  between  them  hollow 
cylindrical  sheets  of  water.  The  water  was  forced  into  one  of  the  lower  cylinders, 
and  made,  bv  the  action  of  the  pumj^  to  circulate  through  the  others  of  the 
series.  By  wis  arrangement  of  usposing  the  water  in  thin  sheets,  it  was  pre- 
sumed that  steam  of  a  very  high  pressure  would  be  generated  with  extraordinary 
rapidity.  We  have,  however,  never  been  informea  of  the  cause  of  this  boiler 
not  having  been  brought  into  practical  operation,  and  are  therefore  left  to  con- 
jecture that  it  was  probably  owing  to  the  great  expense  of  construction ;  the 
liability  to  deposits  and  incrustations  in  the  narrow  spaces  between  the  internal 
and  external  cylinders ;  the  difficult  of  cleansing  them ;  and,  by  the  neglect  of 
the  latter  operation,  causing  an  irregular  generation  of  steam,  me  heatmg  red 
hot  the  incrusted  parts,  and,  as  a  consequence,  the  blowing  out  of  the  water, 
and  the  rapid  destruction  of  the  metal.  To  these  causes  may  be  added  the 
waste  of  fuel  bv  the  shortness  of  the  flue.  The  contrivance  is,  nevertheless,  not 
devoid  of  ment,  and  mav  afford  a  useful  hint  to  succeeding  inventors.  The 
superior  strength  and  sarety  of  boilers  made  of  small  tubes  have  within  the  last 
few  years  led  to  dieir  introduction  in  almost  every  jposrible  variety  of  form,  a  great 
many  of  which  have  been  the  subjects  of  unproductive  patents.  Those  which 
possess  the  most  distinct  character  from  each  other,  and  nave  been  more  or  less 
Drought  into  public  use,  we  shall  proceed  to  notice. 

Hie  first  we  shall  describe  is  the  invention  of  Mr.  W.  H.  James,  patented 
in  1823.  It  consisted  of  a  series  of  annular  tubes  of  eqiud  capaci^  and 
diameter,  placed  side  by  side,  and  bolted  toffether,  so  as  to  form  by  their  union 
a  long  cyhndrical  boHer,  in  the  centre  of  which,  at  one  end,  the  fire-place  was 
situated.  The  tubes  were  made  of  the  toughest  wrought  iron,  three  sixteenths 
of  an  inch  thick ;  and  being  of  only  one  inch  in  diameter,  they  were  capable, 
as  was  proved,  of  sustaining  a  pressure  of  several  thousand  pounds  per  inch. 
In  some  of  these  boilers,  the  tubes  were  made  square  in  their  transverse  section, 
consequently,  when  their  flat  sides  were  placed  together  as  described,  there 
were  no  open  spaces  between  ihem ;  and  the  annmar  tubes  were  connected 
together  by  means  of  long  bolts  passing  through  the  end-plates  of  the  cjrlinder, 
where  they  were  screwed  up  firmly  by  nuts  on  the  outside.  Communications 
from  tube  to  tube  were  made  by  malune  two  perforations  in  them  lengthways 
of  the  cylinder ;  one  on  the  upper  side,  for  the  free  passaee  of  the  steam,  and 
one  on  the  lower,  for  the  flow  of  the  water.  When  it  was  desired  to  construct  a 
boiler  of  greater  power  in  a  compact  form,  to  adapt  it  more  particularly  to  loco- 
motion, Mr.  James  preferred  making  two  concentric  cylinders,  each  composed 
of  a  series  of  annular  tubes,  like  tnose  described,  and  as  delineated  in  the 
annexed  diagram,  which  exhibits  a  transverse  section  of  such  a  boiler.  The 
annular  tubes  are  distinguished  by  the  water  drawn  therein.  The  upper  per- 
forations or  steam  passages  are  shown  at  b  b,  and  the  lower,  or  water  passages, 
at  c  c.  The  water  was  maintained  at  the  desired  level  by  the  action  of  a 
float,  in  an  adjoining  vessel,  not  shown  in  the  figure.  The  furnace  bars  formed 
two  inclined  planes,  as  shewn,  at  one  end  of  the  cylinders,  and  the  fine 
descended  at  tue  other  end.  These  latter  parts  were  made  so  as  to  be  easily 
detached  at  pleasure.    The  entire  boiler  turned  upon  an  axis,  and  rested  upon 


nUtn,  Axed  in  ».  circular  iland;  enry  tube  WW  Ainiiiied  with  lome  tbot, 
miEed  with  anguUr  piecei  of  m«Ul,  ao  that  wbea  it  wm  detlred  to  cleniiM  the 
bciler  (rf'  dopodt,  tlie  furnace  and  cbimnejr  talw  were  dr»wn  out,  the  con' 
neeliDg  pipm  uiucnwed,  when  the  cylinder  wa*  turned  round  by  a  winch,  in 


'mm: 

dM  manner  of  the  common  scouring  barrel,  nted  for  brigbtenbg  metallic  artidei. 
To  prevent  the  lou  of  heat  by  radiation,  the  Ixiiler  was  lurrounded  by  a  double 
caie,  the  apace*  between  which  were  filled  up  with  a  mixture  of  clay  and  cbar- 
coal.  We  bare  repeatedly  leen  a  boiler  of  Mr.  Jamea'i  construction,  on  the 
principle  of  the  tait  deacribed,  but  consiitine  of  only  one  cylinder  6f  annular 
tabe^  3  feet  6  incbe*  long,  and  20  inchei  diameter,  effectively  worVing  a  very 
■mall  high  preMure  engine,  (having  only  a  3  inch  piatonof  12  mch  ttroke,)  up  to 
three  horsei  power.  Thii  boiler  had  circular  tubes,  and  each  annului  wai  made 
oat  of  two  aemicircular  piece*,  connected  at  their  eitiemitiea  to  an  upper  and 
a  lower  tranaverw  horizontal  tube,  the  length  of  the  cylinder ;  the  upper  one 
forming  the  principal  and  the  connecting  iteam  tube,  and  the  lower  one  the 
water  tube.  Into  these  horiiontal  tubes,  conical  perforationi  were  drilled,  to 
receive  the  extremitiei  of  the  lemicircular  tubei  to  which  they  were  united, 
■team  and  water  tight,  by  means  of  bolts  and  rivetted  keys.  However  firm 
this  mode  of  uniting  appeared  to  the  eye,  and  however  accurate  the  workman- 
ship, when  the  fire  came  to  act  upon  tne  joints  they  oflen  became  leaky,  and 
were  the  wurce  of  great  trouble  and  inconvenience.  Since  the  period  uluded 
to,  Mr.  James  baa  invented  another  boiler,  to  which  be  gives  the  preference, 
and  will  be  described  under  the  article  Steam.  Before,  however,  we  qmt  this 
part  of  the  subject,  we  would  draw  the  reader's  attention  to  the  circumstance  of 
the  (team  chambers  in  Mr.  James's  boiler,  as  shewn  in  the  preceding  engraving, 
by  which  it  is  evident  that  the  surfaces  of  the  water  are  pressed  upon  by  the 
■temm,  and  that  the  latter  derives  an  increase  of  heat  and  of  elasticity  subaequently 
to  its  formation,  by  the  action  of  the  most  intense  part  of  the  fire ;  consequently 
it  would  appear  that  this  arrangement  ii  eminenuy  calculated  to  prevent  tM 
water  liaing,  or  being  (breed  over  into  the  engine ;  an  inconvenience  which 
bad  been  experienced  in  most  boilers  made  of  small  tubes.  Although  the  in- 
convenience never  occurred  in  Mr.  James's  boilers  whilst  the  fire  was  kept 
■ttady,  tlia  supply  of  water  rcgukr,  and  the  tubes  clean ;  yet  from  the  neglect 


fkilura  of  tome  one  of  thew  conditioai,  the  water  did  occanuMlly  ooou 
T.  Hie  obeetYAtiooi  we  have  been  enabled  to  make  upon  theso  fitctt,  incline 
to  the  opinion  that  it  vould  be  better  not  to  inaLe  boilen  of  tube*  of  a  leM 
than  tiro  inchei;  because  the  much  lareer  bodj  of  water  luch  contain 
a  luddenlv  and  violently  affected  by  ordinary  variationi  of  tempenturs 

'■■tfiU  firing,  or  bv  the  irre^ar  supply  of  water;  nor  are  the 

become  cboked,  ai  the  joints  can  be  made  with  greater 


hunt  them,  if  only  a  quarter  of  an  inch  thick,  by  any  preuure  m  iteani  that 
can  he  beneficially  a^^lied. 

""  re  ihall  next  notice  ii  the  invention  of  Mr.  Goldiworthy 

1  of  the  medical  profenion,  hut  more  generally  known  to 

shment  of  stoun  catriagee 

e  it  especially detignedtbr 


a  vertical  section  of  the  boiler  Fig  2  an  «<• 
Bg.  3,  the  manner  in  which  the  senei  of  t%* 
compodng  the  boiler  are  fixed,  and  open  into  hotiiontal  chamben.  F^.  4,  ■ 
portion  of  one  of  the  horizontal  chambers,  partly  broken  away  to  exhibit  the 
apertures  of  the  [upes,  and  their  arrangement.  The  same  letters  on  each 
figure  refer  to  ootrespondine  parts.  In  the  aeetien  Fig.  1  the  8emi-elli[>tiea] 
form  in  which  the  pipes  are  brat,  and  the  manner  in  which  they  retpectiTely 


■hown  in  JI^.  3;  a  packing  composed  of  pounded  ubestoa,  mixed  with  red  lend 
and  litiiaiire,  in  about  equd  parti,  is  interposed  between  the  nuts  and  the  end 
plate,  applied  in  hollow  waih^a  of  a  saiicer-Iike  form,  which  it  is  said  makea 
peifecdy  iteain,  water-tigb^  at  well  ai  firt-proof  joints.    The  chamben  b  have 
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_  e  irith  anotber,  by  meant  of  Ihe  vertical  pipes  e;  d  d, 

■R  two  bent  tubes,  leading  from  b  b  into  the  steam  vessels  or  "  ecparutars"  <  e 
(as  Hr.  Guroey  cijli  them.)  From  thirty  (o  fifty,  (according  to  the  size  of  th« 
^iparatus)  of  the  small  pipes  a,  are  arranged  in  the  manner  ihoon  in  t'igi.  1 
ind4,  in  which  the  fuel  u^ilBced  u  at  a,  the  heated  air  and  flames  being 
directed  by  a  bridge  i,  to  take  the  course  delineated  before  enCeting  the 
chimney  k;  but  a  considerable  portion  of  the  beat  passes  freely  between  and 
round  about  the  pipes,  the  whole  of  them  being  exposed  to  the  powerful  effecU 
of  a  furnace  so  circumstanced;  a  ia  the  furnace  door,  and  i  the  ash-pit  During 
the  working  of  the  engine,  the  steam  chamben  r  are  by  the  usual  means  kept  sup- 
plied with  water  up  to  the  level  shewn,  which  being  higher  than  the  pipes  in  the 
fiimace,  the  latter  are  always  kept  full  of  water,  as  jutuciotisly  recommended  by 
Woolf  in  hi»  specification,  quoted  in  the  preceding  part  of  this  article.  The  steam 
generated  in  ihennaU  pipes  ascends  byitssuperior  levity  through  the  water  in  the 
tteom  vessels  e,  or  it  may  be,  transmits  its  caloric  to  other  particles  of  water,  which 
escape  at  the  surface  of  the  fluid  in  the  form  of  vapour,  which  posses  off  through 
Ihe  nranchei  //into  a  common  pipe  g,  that  leads  to  the  engine.  In  fixed 
engines  the  iron  casing  representee!  as  surrounding  the  boiler  is  dispensed  with, 
the  appaiatui  being  set  in  the  usual  manner  in  bnck-work.  To  obviate  a  com- 
mon objection  to  tubular  boilers,  of  tbeir  becoming  choked  with  a  deposition  of 
earthy  matter,  Mr.  Giirney  purposes  to  clean  them  out  when  they  become  foul, 
by  the  followui^  chemical  treatment  If  the  tubes  are  of  iron,  one  part  of 
muriatic  acid,  with  100  parts  of  water,  ore  to  be  left  in  the  boiler,  a  sufficient 
time  tg  dissolve  the  incrustations ;  if  of  copper,  the  following  solution  ia  (o  be 
used  in  a  similar  way,  one  pound  of  common  salt,  half  a  pound  of  sulphuric 
adj,  in  four  gallons  of  water.  To  expedite  the  operation  os  cleansing,  a  small 
fire  maybe  made  in  the  boiler,  and  the  steam  be  employed  to  blow  the  contents 
out  of  the  tubes.  One  of  the  moat  prominent  advantages  attending  the  use  of 
this  boiler,  ii  the  great  focility  with  which  repairs  are  executed ;  when  a  tube  ia 
injured  or  burned,  the  removal  of  it  or  the  substitutiDn  of  a  new  one  are  only  the 
work  of  an  hour.  Like  other  tubular  boilers,  it  is  safe  from  the  eflects  of  rup- 
ture ;  but  the  "  separator  "  being  in  fact  a  steam  reaervoir,  that  part  ia  as  liable 
Ui  explosion  as  other  boilers  of  ike  same  capacity  and  thickness  of  metnL  The 
itnall  tube*  exposed  to  the  fire,  if  always  kept  full  of  water,  are  not  likelylo  be 
soon  burned  out.  The  merit  of  this  arrangement  is  however,  due  to  Mr.  Wootf, 
(see  page  201.)  and  were  Mr.  Guniey's  steam  reiervoin  defended  like  that 
gentleman's,  from  the 
cooling  influence  of  the 
atmosphere,  Ihe  effect 
of  thett  contents  upon 
the  engine  would  be 
improved. 

The  annexed  diagram 
i*  explanatory  ofa  ^iler 
which  has  been  em- 
plojted  for  the  gene- 
nnon  of  steam  In  the 
locomotive  carriage  of 
Meaart.  Summers  and 
Ogle,  who  have  taken 
out  a  patent  for  it  It 
consiata  of  a  series  of 
tubes,  placed  vertically, 
with  a  flue  passing  up 

the  centre  of  each;  aaa  rLjm'^^ciils  rv.  .    ...iici-niid 

rieam  ;  bbb  the  interior  tubes  or  flues,  for  the  pa^suge  of  a  portion  of  the  healed 
air,  &c.,  the  remainder  passing  off  between  the  exterior  tubes;  and  thus  the  water 
of  the  iKuler disposed  in  thin  hollow  cylinders  is  continuollyeipoted  to  an  extensive 
surface  of  heated  metal  on  both  sides,  ccc  are  the  ends  of  the  internal  tubes 
passing  through  the  screwed  nut*  (fil  (fat  the  top,  and  <  e  <  at  the  bottom,  and  by 


nhiefaboththeexterioratidiiiCericn' tubHBreMCUTedinlheirplaoM.  Hie  water 
iiiupplied  to  the  boiler  through  the  pipe/,  b^  a  force  pumpi  sud  the  iteun  whea 
eenerated,  pauei  off  Co  the  engine,  by  the  pipe  t.    Although  the  heUed  nutten 


obatnictioD  to  the  cmteiit  formiHl  b;  so  many  tubei  crowded  tontbei  niut  b« 
coniiderable,  and  cauie  a  great  portion  of  the  heat  to  be  abaorbed,  it  being,  aa  it 
wer«,  wire-drann.  Economy  of  fiiel  ii,  howevir,  not  a  matter  of  lucb  unportant 
consideration  In  a  iteam  carrieff*!  *■  in  R^^  enxinet ;  there  being  in  the  preaent 
infant  state  of  locomotion,  on  the  common  road,  no  competition.  It  ii  obvioui 
that  the  different  parti  of  tbit  bailer  can  be  put  together  with  facility,  and  that 
a  defective  tube  can  be  instantly  removed,  and  a  iinuid  one  mbatiluteJ,  by  lim^y 
unscrewing  the  interior  flue  or  tube.  The  manufacture,  however,  require*  tbe 
utmost  exactneM,  eipeciatly  in  malcing  all  the  tubes  of  preciiely  the  aama 
length,  and  the  other  parts  corresponding  with  each  other  of  uniform  dimeniioiu; 
otherwise  a  source  of  imperfection  would  arise,  &om  the  longer  tubei  preventing 
the  shorcer  ones  from  being  screwed  lufficienlly  close  to  render  them  steam-tight. 
Although  the  inventions  of  Mr.  Jacob  Perkins  (who  has  distinguished  binaelf 
by  numerous  ingenious  atlempta  to  generate  and  work  steam  at  preaiurei  fkr 
beyond  that  of  any  other  experimentalist  or  engineer,)  have  not  been  attended 
with  that  lUGceu  which  the  public  were  led  to  believe,  many  of  his  arrange- 

. ■!..  .11.      ..!.  ...  1    -iglil  to  have  a  place  in  this  work.     W« 

jnt  steam  of  enormous  pressure  under 
the  mott  perfect  contrtd.     The  annexed  diagram  is  explanatory  of  a  boilct 


ments  possess  considerable  merit,  and  ought  to  have  a  placi 
allude  m  particular  to  his  having  braughl    '  ' 


employed  by  Mr.  Perkins,  which  we  saw  working  a  small  engine  on  the  high 
pressure  and  expanuon  princij^e,  calculated  by  him  at  30  horses'  power.  A 
aerie*  of  cast-iron  hurt,  S  inches  square,  perforated  throu^out  longitudinally, 


with  I|  buih  ehcnlw  bolei,  were  amnged  in  three  tien.  A,  B,  sod  D,  ftcrou  a 
lfaniae«,  of  toffldMil  length  to  eoias  through  the  oppotite  trolls,  where  their 
eztremitiei  were  connMled  (ogelber  in  a  peculiar  manner,  lo  ai  to  form  one 
el.  B7  the  operation  of  a  foicing  pump  water  irai  continually 
■ujenmi  uinwi  Jie  {nctiuTe  oT  «  heavily  loaded  valve  into  the  two  upper  tien 
of  Mbea,  10  aa  lo  keep  them  always  full ;  the  third  or  lowest  tier  of  tubes  con- 
tained no  water,  and  were  to  be  kept  at  a  temperature  of  about  1000°  Fahrenheit 
At  each  stroke  of  the  ennne,  a  certain  quantity  of  the  water  contained  in  the 
tw«  upper  tiersi  (supposed  to  have  acquired  a  temperature  of  700^  or  800°,)  was 
dbchai^ed  into  a  valve  box  at  C,  communicating  with  the  lowest  tier  of  tube* 
D,  wbersjn  it  flaabed  into  steam,  and  passing  suecesmvely  through  those  tubes, 
ezpowd  to  the  intensi^  of  the  fire,  it  was  received  into  a  steam  chamber  L  for 
dte  sapply  ot  the  engiua.  The  ofagect  of  the  inventor  in  iutrodudne  such  great 
masses  of  metal  mto  hia  ^wratns  is  not  very  apparent,  unless  it  be  the  pra- 
Tention  of  suddeo  and  gtttt  variations  of  temperature  in  the  tubes,  which 


uty  of  heat,  and  Mr.  Perkini  must  he  well 
aware  that  the  perfect  safety  of  such  generators  is  not  increased  by  form- 
faiK  them  of  a  square  figure  instead  of  circular. 

To  obriate  the  destructive  efTects  of  the  direct  action  of  the  fire  upon  the 
■ibstance  of  wliich  a  boiler  is  constructed,  and  by  which  action  the  liability  to 
mptoie  is  increased,  a  great  variety  of  plani  have  beea  projected.  Three  of  these 
plans,  which  appear  to  be  deserving  the  attention  of  the  reader,  we  shell  snbjoin. 

The  first  ii  the  invention  of  Mr.  Aaron  Manby,  of  Horsely,  near  Tipton,  in 
Staffiltdsbire,  for  which  be  had  a  patent  in  the  year  1B21.  It  is  well  known 
that  oil  and  other  fet^  matters  are  capable  of  tieing  raised  In  temperature  &c 
above  that  of  braling  water,  without  undergtung  decomposition;  this  property  in 
cnl  having  never  boore  been  applied  to  the  working  of  a  steam  engine,  (bcnied 
the  groundwork  of  Mr,  Manby  s  patent  The  eoostruetion  of  his  apparatus  i* 
explained  by  the  annexed  diagram ;  where  a  represents  an  ohlong  boiler,  aip- 


poied  to  be  let  in  brickwork,  over  a  fire-place  of  the  niual  conitnictioD.  Thla 
veuel  ii  lo  conUin  the  oil,  which  ia  to  b«  healed  to  about  3D0<'  FahrcnheiL  The 
veBsel  above  i  ii  a  atrong  cylinder,  containbg  the  nater  to  he  coDverted  into 
Bteam,  inaide  of  whicb  ji  fixed  a  ayatem  of  pipes,  connected  into  one  contintiona 
line;  ihTougli  these  pipes  the  oil  is  made  to  flow  by  the  action  of  a  pump  at 
r,  (vatked  by  the  engine,  or  other  fine  mover,)  which  raisee  it  by  the  pipe  d, 
and  diacharges  again  into  the  boiler  by  the  pipe  e.  The  heated  oil  in  ita  paa- 
uge  through  the  pipea  elevatea  the  temperature  of  the  lurroiuiding  water,  and 
converts  it  into  steam  of  several  atmospherea'  pressure.  The  patentee  atatet, 
that  by  this  apparatus  tteam  of  very  high  pressure  may  be  generated  without 
the  posaibilily  of  danger,  and  that  a  smaBer  quantity  of  fuel  is  consumed  than 
when  the  fire  operates  in  immediate  contact  with  the  water  vessel.     In  what 


to  accidental  conflagration  ia  ao  far  increased  by  the  contiBuity  of  the  fi)tnac« 
to  auch  an  inflammable  substance  as  oil,  (which  waa  liable  also  to  become  thick 
and  glutinous)  as  to  render  it  imptudent  to  use  the  apparatus  in  buildiugt  that 
are  not  fire-proof. 

The  second  invention  we  have  to  notice  is  that  of  Dr.  Ernst  Alban,  a 
physician  of  Rostock,  in  Germany,  a  patent  for  which  was  obtained  in  this 
country  b  1825.  The  heating  medium  is,  in  thb  case,  such  a  mixture  of  tin 
and  lead  aa  will  remain  in  a  ftaied  atate  at  the  temperature  required  for  the 
steam,  which  is  generated  in  email  vertical  tubes  suspended  in  the  bath  of  Uquid 
metal.  The  subjoined  diagrams  exhibit  two  baths  of  this  kind  connected 
together,  In  each  of  which  are  deposited  ugbt  generating  tubes.     Fig.  1  Vkowa 
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a  longitudinal  section  of  one  of  the  vessels,  and  F^.  2  a  transverae  section  of 
both  i  they  are  made  of  cast  iron,  in  the  form  represented  at  a  aii,b  i  indi- 
cating the  metallic  mixture.  Supported  upon  the  cover  of  the  metal  veMel,  is 
a  strong  top  c  c  of  the  generator,  containing  a  cylindrical  chamber  of  2  iuchet 
ill  diameter;  d d d,  are  the  wrought-iron  generating  tubes,  suspended  in  tbe 
metallic  mixture;  they  are  of  Iji  inch  bore,  and  are  screwed  into  the  top 


C  c,  to  Ibat  they  may  be  taken  out  whenever  they  require  deaniug';  (  i«  the 
injecEiDD  pipe,  through  which  the  water  is  conducted  into  the  generating  tubes, 
through  a  nnall  perforation  made  over  each.  Tbe  double  Teasel,  as  heat  seen 
iDttg,2,  is  suspended  in  the  fiimace,  so  IS  to  expose  all  ita  four  udesand  ends  to 


w  that  although  it  is  liut  4  feet  long^  3  feet  0  inches  high,  and 
— <s  a  surface  of  04  feet  to  the  fire,  lie  two  injectioa 
irith  the  fort 


theaetionof  thefiroj  i 
9  inches  wide,  it  expc 

tubes  are  connected  externally,  and  commnnicate  ii 

pninp.  This  pump  is  of  the  usual  construction,  fumiihed  with  a  lever  ana 
weignt,  which  ate  raised  by  the  engine.  If  the  production  of  steam  in  the 
generaton  be  too  great  for  the  wants  of  the  engine,  the  pressure  in  the  steam 
chamber  will  act  against  the  injection,  and  the  weight  will  be  inmfSdent  to 
force  down  thejiiaton  of  the  pump,  which  will  thus  remain  inactive,  until  the 
pressure  is  diminished  by  the  ceasing  of  production  and  the  expenditure  of  the 
engine.  To  prevent  the  metallic  fusion  from  being  overheated,  in  cases  where 
a  smaller  supply  of  steam  is  required,  or  where  a  suspension  of  steam  genera- 
tion takes  pUce,  by  the  stopjiage  of  die  engine  or  otherwise,  the  inventor  has 
■tTaiigedalieatregu]ator,wmcbgovenu  the  intensity  of  the  fire.  The  apparato* 
indicates  the  temperature  of  the  fused  metal,  upon  which  solely  ita  action 
depends,  and  the  generation  of  steam  in  the  generators  bat  no  influence  what- 
«Ter  upon  it,  the  regulator  condnuing  to  act  when  the  generation  of  steam  has 
ceased,  on  which  account  it  appears  to  be  easentjelly  diiferent  from  any  heat 
r^nlator  previously  used.  It*  application  to  this  apparatus  is  indispensable,  to 
prevent  such  a  heating  of  the  generating  tulies  as  might  occasion  a  decompo- 
sition of  the  water  injected  therein.  It  consists  of  two  pipes  filled  with  atint^ 
^heric  air,  one  of  each  being  inserted  into  each  vessel,  (/i^.  1,  <r)  and 
tnrrounded  by  the  metallic  medium.  To  both  pipes,  very  narrow  tubes  are 
fixed,  shown  at  h,  Fig,  1 ,  and  i,  Fi^.  3 ;  these  are  joined  externally  into  one 
tohe,  which  opens  inside  the  mercurial  cislem  n,  F^.  3.  Within  the  mercury 
therein  contained  i«  immersed  a  vertical  tube  h,  with  a  float  c  swimming  on  the 
top  of  the  mercury.  This  float  is  connected,  by  meant  of  the  rod  i^  with  the 
rod  t,  and  acts  by  the  rod  /,  upon  the  damper  g,  which  regulates  the  draught  of 
the  fire  in  the  asb-bole.  when  the  air  in  the  pipes,  Fig.  I,  g  g,  becomes  heated 
by  the  fiiaion,  it  expands  progressively  as  this  becomes  hotter,  presses  on  the 
mercury  in  o.  Fig.  3,  and  causes  it  to  ascend  in  the  tube  b.  By  the  rising  of 
the  ineicury,  the  float  e  is  made  to  ascend  likewise,  and  acts  by  the  rod  d:  on 
the  lerer  e,  and  thereby  on  the  damper  g,  ao  that  should  the  temperature  of 


th*  fiidon  b«  gruter  than  ii  rsquind,  it  gradiuUr  clow*  tb*  ah<4ti)Ia  il,  hf 
vhich  the  n^plv  of  air  to  (b*  fue  i>  preventad,  and  the  beat  caiu«quently 
dimiaiahed.  AlUiowh  the  inteUigeotinraiEor  of  thii  uparatu*  wm,  a«  we  ara 
infimned,  uamcceainil  in  the  introductioii  of  it,  yet  it  hat  ttrong  "Uim*  <u>an 
the  atteotioa  of  engineen  for  the  orioinolilj  and  ingenuit;  of  many  (h  ita 
kiraogemeDta.  The  emploTment  of  a  fluid  metal,  poneiaing  a  high  cottducto^ 
power,  for  the  heating  meoiun],  initead  of  ao  inflammable  mhatance  like  o^ 
poneiaing  but  feeble  conducting  power,  promised  much  better  reaulti,  while  it 
rcndetcd  the  uie  of  the  apparatus  perfectly  ufa. 

Mr,  pOTter,  a  acientiSc  gentleman,  who  wm  connected  with  Dr,  AUwn  ir  ■•^- 


Uit  deaeribed  project,  luhMquetitlj  invented,  in  conjunction  with  Mr.  Beale,  ai 
mgineer,  the  third  plan  we  bare  alluded  ta     In  this  i 
ment  ii  inch  a*  to  render  it  impoMible  to  impart  a  bighe 
Boentor  than  the  boiling  point  of  the  fluid  employed  aa  the  medium,  aa  the  vaponr 


apparatua,  the  a 
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t  il  mch  0*  to  render  it  impoMible  to  impart  a  higher  desree  of  heat  to  Uie 
the  boiling  point  of  the  fluid  employed  as  the  medium,  aa  the  va 

i*  allowed  to  cKi^ie  a*  it  u  Ibrmed.    The  annexed  finire  afibi 

kmgitadinaliflction  of  the  apparatua;  niiia  the  vapour  cheat,  fcwmad  of  thin  plate 
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fawn ;  b  ibe  generator,  which  thie  drawing  may  b«  oonttdered  a*  Tepreaenting  by 
tn  edge  vEew  of  a  eyitem  or  coil  of  wroushl  iron  tubei ;  the  dotted  line  e  m«i^ 
the  height  of  the  fluid  medium ;  d  the  "  oreathing'pipe,"  which  in  the  event  of 
injudicwua  firing,  lervea  as  an  oudet  and  eondeaaer,  for  such  portion  of  the 
fiiptna  aa  niay  not  otherwise  be  condensed  by  ^e  lower  lampeiBture  of  the  boalcr; 
a  an  ordinary  fiimace  and  flue; /the  ash-pit  ;o  the  ehinuiey;  Jt  the  supply  pipe  to 
the  nneratOT,  through  which  water  is  injected  by  means  of  a  fbrdng  pumn  worked 
by  ue  engine  j  t  is  the  steam  pipe  communicating  with  the  engine.  Tbt  water 
mjcdted  t&ough  the  supply  pipe  A  being  expoeeo,  during  its  progress  Ihreugli 
the  generator,  to  (he  heat  of  the  vapour  furnished  by  the  boiSug  fliud  nnilw- 
neatn,  is  thereby  converted  into  ileani,  with  a  temperature  ana  elaitie  fame 
answering  to  the  temDcrature  of  the  vapour,  whicb,  losii^  a  paction  of  ili 
hea^  resumes  the  liquid  form,  and  fells  to  the  bottom  of  the  cbeet  a,  while  lb* 
partial  vacuum  farmed  by  its  condensation  causes  a  fresh  portion  of  vanour  t« 
aupply  the  void,  and  thus  keep  up  a  constant  action.  It  is  ntanifM  toal  die 
temperature  of  the  steam  must  be  uniform,  and  that  no  graatar  degree  can  ba 
communicated  than  the  iMiiling  point  of  the  fluid  me£um  cboaen,  and  all 
muTy  to  the  maobinery  is  therefore  avoided,  while,  from  the  same  CMita,  all  thoaa 
sudden  accessions  of  elastic  force,  which  have  fi-equently  proved  ao  diMstrooii 
are  rendered  hnpoasible.  His  mode  of  heating  has,  we  are  infonned,  baen 
very  •neoeatftilly  employed  in  the  preparation  of  vegetable  eitraet^  and  in  oA«r 
ehcmieal  opentioiti  where  r^ulated  degrees  of  boat  are  eesentisi     Aa  respects 
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ill  applicatiMi  to  tlie  genantion  of  ittrnm  for  fngwet,  ve  are  not  awan  of  ita 
hsring  been  «o  used  1^  any  otherpCTMiubetidM  the  patente«a.  Objectioiu  havo 
mnbably  been  raiud  to  the  combuttiUe  media  empbycd  hi  th«  vapour  chat,  ntd 
tb«  ezpease  attending  the  aupplyhig  the  loai  of  it  oceanoned  b;  evaporation. 
Tbeae  media  were  ctiieflj  tlie  ipirit  of  turpentine,  naphtha,  n^ihlhaune,  and 
ether  pToducti  of  coal  tar,  forming  a  variety  of  mixturei,  vrhoae  boiling  paints 
vary  from  2DD<>  to  70O>  Fahrenheit 

In  the  fonner  part  of  tlila  article,  we  have  had  oocatian  to  notiee  the  incoU' 
Tmienee  arirang  from  the  depotit  in  boilen,  and  to  mention  eome  of  the  mode* 
adopted  for  deansing  them.  Oceaiionally  thne  depoiiti  are  laveral  inches  in 
tbidneu,  aitd  aa  hard  ai  the  artifidBl  atone  pottery,  caiued  by  the  baking  they 
receive  while  in  contact  with  the  metal  of  the  boiler,  vrhich  reccivea  the  direct 
aclioa  of  the  fire.  To  remove  dieae  incruetationi  ii  a  nork  of  coniiderabla 
labour;  it  being  a  genval  practice  for  workmen  to  get  inside  the  boileri,  and 
break  up  the  atony  matter,  by  meani  of  heavy  bammera  and  cold  eliiaela. 
Tlieae  depoaits  are  abo  the  came  of  other  lerioui  inconveniences  i  they  fbrm 
a  noo-eoodncling  ihield  between  the  fire  and  the  water,  rendering  the  boiler 
liable  to  bacome red-hot,  by  which  iti  deatruction  orpremstnre  wearing^ out ii 
efiaeted,  and  a  conuderable  waite  of  fiiel  ii  made.  1\)  obviate  theae  injuriotu 
tendeneiei,  a  variety  of  plana  have  been  propoied.  Some  angineen  [brow  into 
the  boiler  a  quanti^  of  some  fitffoui  and  )nueili^;inoui  vegetable  matter,  luob 
ai  bran  or  huaka,  to  which  the  earthy  mattar  m  the  water  odherea,  and  ia 
thereby  prevented  from  becoming  conorete  and  hard,  and  cooiequently  more 
MJV  to  be  removed. 

In  the  year  1838,  Mr.  Anthony  Soott,  of  the  Soulhwark  Pottery,  Durham, 
look  a  patent  for  a  very  obvioua  and  effective  ooutrivaiice  to  abate  this  eviL 
Hii  plan  ii  to  pbwe  a  number  of  iIbIm  or  tnyi  of  metal  atone  or  wood  ticar  to 
the  bottom  of  the  baler,  which  it  ia  said  to  reducet  the  agitation  of  the  wate* 

e  ehollitiou,  that ,       ■     •       ■    ■      - 

cnvi^,  and  dqKwil*  itwlf  in  the  travi,  -— 

Tba  tranamiiaion  of  the  heat  ii  not  mtercaptad  by  tbit  arrangement,  while  the 
tiaya  are  removable  at  pleamre,  for  clearing  them  of  the  aediment  depodled 
npon  tbem. 

More  reccndy,  (in  1S30,)  Mr.  William  Tavlor,  of  Wadneibnty,  took  out  a 
patent,  having  fbr  one  of  ita  leading  object!  the  prevention  of  the  incruetation 
and  removal  of  the  eediment,  without  (topping  the  operation  of  the  boiler.  It 
CMiaieti  irf  a  aediment  trough  or  veeiel,  extending  the  whole  length  of  the 
baler,  immediately  under  it,  with  a  valve  opening  at  one  end,  through  which  a 
portion  of  water  ii  occaaionally  permitted  to  escape  with  great  velocity,  ariiing 
ami  the  prenure  of  the  ateam,  that  it  may  cany  with  it  whatever  depoait  may 
ban  lettled  in  the  bottom.  Thii  arraiisement  ii  repreianted  in  the  annexed 
■ketch;  a  a  i*  a  cylindrical  boiler,  havmga 
fire  place  b,  and  a  flue  within  it ;  e  ii  lb  ~ 
depoait  veaael  below  the  fire.  When  thii  it 
vention  ia  applied  to  boilen  which  have  the  1 
fire  under,  initead  of  iniide  them,  the  patentee  I 
^^ieaadnN>aittn>ughoneachiide,andthese  1 
MM  b«  ihMded  from  die  action  of  the  fire. 
The  claim  to  invention  under  this  ^atant  i 


■oibad ;  a*  depotit  reeada  haT^  belbte  the 
data  of  Mr.  Taylor's  patent,  been  apidied  to 
boilan ;  and  th^  are  undoubtedly  ^ipeudagaa 
of  great  utility.  On  account  of  the  great  depoaitim  of  nlti,  and  odur  earthy 
mattery  on  the  i>ottom  and  lidee  of  boilai  employed  in  ateam  boati  at  laa,  tt 
bacomei  expedient,  in  long  voyana,  to  atop  the  pragma  of  tbe  Taaiil,  in  order 
lodiKharge  the  contentaof  the  Miletii  and  fill  them  anew;  Gir  if  the  heat  be 
ceatiniiad  after  a  eoniiderahle  depoaition  hat  taken  place,  dia  ctoam  cwi  only 
be  laiaad  by  a  graath  increaaed  expenditure  of  fuel,  and  the  augmentation  of 
tba  beat  malanally  uytirai  the  tenad^  of  tbe  metal  of  wUch  toe  boilen  are 
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composed.  To  obviate  so  great  an  inconvenience,  Messrs.  Maudslay  and 
Fiela  have  proposed  an  arrangement  of  apparatus,  by  which  the  water  is  con* 
tinually  being  changed,  and  for  which  tney  took  out  letters  patent  in  1824. 
These  gendemen  state  that  from  20  to  30  per  cent  of  the  quantity  of  water 
evaporated,  being  taken  from  the  concentrated  brine,  will  keep  the  water  within 
a  degree  of  saltness  from  which  no  practical  evils  will  result,  however  long  the 
boiling  be  continued;  the  quantity  thus  abstracted  from  the  boiler  being  of 
course  replaced  by  a  like  quantity  of  sea-water  in  its  natural  state.  The  abstrac- 
tion of  the  brine  is  made  by  means  of  a  small  pump,  with  a  loaded  dischaige 
valve,  worked  by  the  engine,  and  so  proportioned  as  to  draw  from  the  lowest 
part  of  the  boiler  the  quantity  determined  on,  which  may  be  regulated  by  a 
meter,  shewing  Uie  quantity  of  water  driven  off  in  the  form  of  steam.  The 
operation  of  the  pump  is,  however,  not  to  commence  until  the  brine  has  attained 
a  considerable  degree  of  concentration;  it  should  for  instance  contain  five 
times  as  much  salt  as  common  sea  water  does ;  after  this,  every  stroke  may 
be  made  by  means  of  the  pump,  to  take  as  much  salt  out  of  the  boiler  as  is 
deposited  in  the  boiler  bv  the  separation  of  the  steam  used  in  that  stroke.  By 
these  means,  the  water  in  the  boiler  can  never  exceed  a  certain  nredetermined 
degree  of  saturation ;  and  whether  the  engine  be  working  quickly  or  slowly, 
the  quantity  withdrawn  mav  always  be  made  to  bear  the  same  proportion  to  the 
quantitv  left  in,  thus  avoioing  one  of  the  greatest  evils  to  which  steam  vessels 
in  makmg  long  voyages  have  been  subjected.  To  economise  the  heat  and  con- 
sequent expenditure  of  fuel,  Messrs.  Maudslay  and  Field  fiirther  propose  that 
the  hot  brine  extracted  by  the  pump  be  discharged  into  a  vessel  containing  a 
series  of  metal  pipes  of  small  calibre,  similar  to  a  refrigeratory.  Through  these 
pipes,  which  he  immersed  in  hot  brine,  the  supply  water  is  to  be  made  to  pass 
m  order  to  abstract  the  heat  in  its  progress,  and  deliver  the  sea-water  into  the 
boiler  in  a  heated  state. 

In  the  year  1824,  Mr.  Smith  introduced,  in  some  of  the  salt  works  of  Lan« 
cashire,  a  mode  of  evaporating  brine,  by  the  application  of  high-pressure  steam 
under  the  salt  pans ;  and  as  the  surfiures  of  these  vessels  are  very  extensive,  they 
are  incapable  of  sustaininff  much  pressure.  Mr.  Smith,  therefore,  tied  the 
bottom  of  the  boiler  to  the  bottom  of  the  pan  (which  also  formed  the  top  of  the 
boiler),  by  means  of  screw  bolts  and  nuts,  in  the  manner  shewn  at  6  in  tbe  sub- 
joined sectional  figure.    Finding  this  arrangement  productive  of  a  safe  and 


efficient  generator  of  high  pressure  steam,  he  subsequently  took  out  a  patent 
for  a  modification  of  it,  to  be  applied  to  steam  engines.  This  modification 
chiefly  consisted  in  the  addition  or  the  upper  vessel  a.  The  plan  of  these  vessela 
is  supposed  to  be  a  parallelogram,  and  the  screw  bolts  about  9  inches  apart  in 
each  tier,  over  their  whole  surfaces.  The  water  is  supplied  by  a  force  pump,  aa 
represented,  and  a  number  of  guage  cocks  are  fixed  at  different  elevations,  as 
shewn  in  the  drawing,  to  ascertain  the  height  of  the  water,  and  the  state  of  the 
steam  in  each  vessel,  e  e  are  steam  pipes;  /  is  a  safety  valve  to  the  lower 
chamber  b,  and  g  another  to  the  upper  chamber  a.  The  patentee  states,  that 
"  about  two  inches  of  water  are  put  into  the  lower  vessel,  and  the  other  beinff 
half  filled,  the  &te  is  lighted,  which  quickly  raises  the  water  in  the  lower  vessu 
to  ebullition,  the  steam  of  which  acts  upon  the  lower  surface  of  the  upper  boiler, 
giving  out  its  heat  to  the  water  contained  therein,  and  is  thereby  itself  condensed; 
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aad  being  thuf  alternately  vapourized  and  condensed,  the  upper  vessel  is  con- 
verted into  a  steam  chamber  of  uniform  temperature."  Although  this  boiler  is 
calculated  to  generate  steam  with  rapidity,  owing  to  the  extensive  surface  of 
metal  exposed  to  the  direct  action  of  the  nre ;  and  notwithstanding  it  must  be 
deemed  safer  than  most  others  of  equal  capacity  and  effect,  by  reason  of  the 
numerous  tie  bolts;  it  must,  we  think,  be  expensive  in  construction,  and  very 
difficult  to  preserve  free  from  leakages. 

In  the  generality  of  boilers  the  flue  first  takes  a  horizontal  direction,  more  or 
less  extended,  and  afterwards  ascends  the  chimney ;  sometimes  it  is  also  made 
to  descend;  and  in  almost  every  way  that  ingenuity  could  devise,  the  flues  have 
been  made  to  encompass  the  water,  for  the  purpose  of  transmitting  their  heat 
thereto.  Mr.  Joseph  Gibbs,  of  Crayford,  in  Kent,  has,  however,  invented  a 
boiler,  (patented  in  1830,)  which  possesses  some  claims  to  originality  of  arrange- 
ment ;  and  as  it  probably  confers  some  advantages,  we  shall  here  notice  it  The 
form  of  the  upper  portion  of  this  boiler  is  circular,  with  a  descending  cylindrical 
branch  of  considerable  magnitude  and  length,  the  latter  being  ^uite  full  of 
water,  and  the  upper  filled  to  about  four-fiftlu  its  depth,  the  remainmg  one-fifth 
being  reserved  for  steam  room.  In  the  middle  of  the  upper  vessel  is  the  fire- 
place, the  air  for  combustion  being  supplied  by  a  vertical  pipe,  passing  upwards 
through  the  descendine  cylindric^  branch  of  the  boiler.  The  products  of  com- 
bustion first  act  upon  the  water  in  the  upper  vessel,  whence  the  flue  descends 
in  a  curvilinear  du'ection  around  the  vertical  air  pipe  in  the  midst  of  the  water 
contained  in  the  descending  branch  of  the  boiler,  to  the  bottom  thereof,  and 
thence  into  the  chimney.  For  the  ready  passage  of  the  smoke,  a  temporary' 
flue,  which  proceeds  in  a  direct  line  to  the  chimney,  is  opened  whilst  lighting 
the  fire,  after  which  it  is  stopped  by  a  damper  or  valves  which  causes  the  current 
of  heated  matters  to  take  the  descending  course  described.  By  this  arrange- 
ment, Mr.  Gibbs  extracts  the  gaseous  products  of  the  fuel,  till  they  are  reduced 
to  nearly  the  temperature  of  cold  water,  the  supply  water  being  introduced 
where  the  flue  terminates.  In  the  specification  of  this  patent,  Mr.  Gibbs  has 
also  represented  a  long  cylindrical  boiler,  placed  horizontally,  with  three 
descen<ung  branches,  and  anodier  with  a  flue  in  a  zigzag  direction,  through 
the  descending  part  of  the  boiler,  which,  although  it  has  the  advantage  over, 
the  others  of  being  of  more  easy  manufacture,  is  not  so  favourable  to  the 
descent  of  the  current  The  partial  action,  owing  to  the  unequal  distribution 
of  heat  upon  the  difibrent  parts  of  a  boiler,  it  was  long  since  observed  had  a 
tendency  to  produce  circulating  currents  of  water  throughout  the  vessel.  This 
motion  of  the  fluid  has  of  late  years  been  deemed  of  so  much  importance  in 
the  economical  generation  of  steam,  as  to  have  induced  several  engineers  to 
obtain  patent  privileges  for  their  schemes :  amongst  these,  Mr.  Jacob  Perkins 
is  most  conspicuous,  for  having  taken  out  two  patents  for  the  same  object,  one 
in  1831,  ana  the  other  in  1832.  But  as  nature  is  inclined  to  perform  the  cir- 
culatory process  pretty  well  without  the  assistance  of  art,  we  shall  dismiss  the 
subject  with  a  brief  notice  of  the  above-mentioned  gentleman's  plans.  In  the 
first  of  these,  Mr.  Perkins  placed  a  thin  metallic  lining  inside  of  the  boiler,  at  a 
imall  distance  from  the  bottom  and  sides,  but  leaving  an  opening  in  the  lining 
at  the  bottom,  where  the  heat  of  the  fire  is  the  strongest  Here,  therefore,  the 
water  will  acquire  the  greatest  levity,  and  consequenUy  ascend,  while  the  water 
next  to  it,  which  is  that  between  the  lining  and  sides  of  the  boiler,  will  occupy 
the  bottom  of  the  rising  column,  and  thus  a  constant  circulation  will  be  kept  up 
through  the  whole  of  the  fluid  in  the  vessel.  In  Mr.  Perkins's  second  patent, 
which  is  stated  to  be  for  improvement  on  his  former  one,  the  aforesaid  linings 
are  to  be  augmented  so  as  to  cover  a  more  extended  surface,  and  form  nearw 
a  complete  internal  vessel  at  a  few  inches  distance  from  the  external  one.  It 
would  require  a  large  volume  to  describe  the  multiplicity  of  forms  that  have 
been  introduced  in  the  c(mstruction  of  boilers  and  their  appendages,  with  the 
view  of  economising  the  production  of  steam.  Those  which  we  have  already 
given,  however,  a£^rd  a  general  outline  of  the  whole,  with  the  exception  of 
such  as  are  employed  in  steam  navigation.  In  these,  it  is  an  e&sential  condition 
that  ihB  fire-place  and  flues  should  he  entirely  surrounded  with  water,  so  as  to 
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He  above  tDgr».<r\ng  u  deictiptive  of  the  boiler  uaed  in  the  United  Kingdom 
■team  packet,  of  1,000  toni  burthen,  mMuurin^  in  her  keel  148  feet,  and  hreadtb 
of  beam  14  feat,  and  propelled  by  two  enginei  of  100  botaei  each,  manu- 
hcnued  by  Mr.  Napier,  of  Glugow.     The  boiler  it  of  wrought  iroD  platet. 
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as  i««l  0  incbM  loitf,  19  feet  bnMd,  and  8  feel  6  itichei  high.  There  are  right 
rectangular  tubei  bo  ninning  lengthway*  of  the  boiler;  in  eadi  of  theiie  la  ■ 
fire  at  one  end  on  the  ban  ee.ihown  in  kcUoh.  AI  the  farther  end  of  the  tube* 
ii  a  tranirerM  one  4,  extending  the  whole  breadth  of  the  boiler,  which  eommu- 
nitatea  with  every  one  of  the  tubei  containing  the  fire;  at  each  end  of  (i  on 
the  ton  a  return  tuba  e  t  carries  off  the  amuke  and  Sre  into  another  tranerene 
tubey,  out  of  the  centre  of  which  the  chimney;  riies.  The  cocki  iAA  are  for 
aicertaining  the  height  of  the  water  in  the  boiler;  but  there  ii  added  a  limple 
oontrirance,  b^  which  the  neceuity  of  employing  the  eocki  A  ii  avoided.  There 
are  two  cocka  i  i  which  at«  jdaced  the  one  cmBJderably  above,  aad  the  other  ai 
mach  below,  the  saiumed  level  of  the  water ;  theee  cock*  comtnunicate  with  a 
vertical  lube  of  glauj  of  nifflcient  strength  to  withstand  the  force  of  theUeam. 
On  the  cocki  ■'  ■  being  opened,  water  enteii  into  the  lower  one,  and  steam  into 
the  upper  one,  and  the  pressure  beine  the  same  in  the  boiler,  the  water  stands 
at  the  aunt  level  in  the  glaai  tube,  wbich  indicatea  tha  height  of  the  water  in 
the  bailer. 

In  the  subjoined  engraving,  which  represents  a  patented  arrangement  by 
Mr.  Steenstrup,  a  Swedish  gentleman,  i"  ^" —■  "•-  *•-■'-  "  *-->-J  ="•- 


fw.i. 


is  country,  the  boiler  is  divided  into 
Fig.  2. 


.  an  npfMr  and  lower  chamber,  in  connexion  with  the  Mde  ehamben,  and  by 
mMns  of  vertical  lubes.  Fig.  1  is  an  end  elevation  of  the  boiler ;  Fig.  2  a 
transrena  section;  and  Fig.3  a  longitudinal  section,  the  same  letters  deaignatlng 
sHnilar  parts  in  each,  a  is  tha  upper  divuion,  or  steam  chamber ;  b  the  lower 
chamber,  connected  with  the  upper  by  the  side  vesaels,  and  by  the  vertioal  tubet 
cr,  as  shown  in  the  section;  at  i  is  the  fire  ban,  on  which  the  fiiel  is  deposited; 
e  the  fire  bridge;  /  the  ash  pit;  g  part  of  the  chimney,  likewise  mrrounded 
whh  water  at  Ue  Ic '  -'•-'•  '-  ' — '  -■*'■  "■ '  ■  *  "  '^-  ■*"" 


a  lower  end,  which  is  in  contact  with  the  vessel ;  h  ii 
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pipe,  and  k  the  man-hole.  It  will  he  ohserved  that  the  vertical  tuhes  e  c  betides 
forming  a  support  to  the  weight  of  water  in  the  upper  chamber,  and  opening  a 
free  commwiication  with  it,  receive,  from  their  position  in  the  fire-place,  the 
strongest  heat,  and  consequently  eive  off  steam  auicker  than  the  other  parts  of 
the  boiler,  in  particular  those  which  pass  through  tne  fire  bars,  producing  thereby 
those  ascending  and  descending  currents,  which  are  deemed  so  advantageous  in 
the  generation  of  steam :  also,  from  the  great  capacity  of  the  fire  chamber,  that 
fuel  of  any  kind,  however  bulky,  may  be  easUy  employed,  by  merely  shifting 
the  fire  bridge  accordingly.  In  the  description  of  the  common  waf gon-shaped 
boiler,  in  the -early  part  of  ibis  article,  the  manner  usually  adopted  of  feedmg 
boilers  with  water  was  explained.  The  necessity  of  a  due  supply  of  the  fluid 
is  so  great,  as  to  have  induced  numerous  inventors  to  devise  plans  for  insuring 
its  accomplishment.  Several  of  the  most  approved  arrangements  for  this  purpose 
are  detailed  in  Galloway  and  Hebert's  History  of  the  Steam  Engine ;  and  we 
shall  close  the  present  article  by  the  description  of  another  of  great  simplicity 
and  efiectivenessy  which  was  patented  by  Mr.  W.Taylor  of  Wednesbury,  since  th« 


publication  of  the  before-mentioned  work.  In  the  above  figure,  a  riiows  a  portion 
of  the  boiler ;  b  a  water  reservoir  or  feeding  vessel,  made  steam  ti^ht;  c  a  pipe 
through  which  h  is  supplied  with  water,  having  a  valve  d  opening  mwards.  e  is 
a  steam  pipe,  extending  from  the  boiler  to  nearly  the  top  of  the  close  vessel  (, 
and  c  is  a  water  pipe  extending  from  the  bottom  of  the  close  vessel  to  the 
interior  of  the  boiler.  In  both  these  pipes  are  stop  cocks  e  and  /,  with  levers 
extending  to  ^,  by  which  they  are  opened  and  closed.  In  these  levers  are  two 
longitudinal  silts,  for  the  reception  of  a  pin  fixed  in  a  rod  extending  from  the 
float  A,  through  a  stufiing  box  in  the  top  of  the  boiler.  Now  when  the  water  in 
the  boiler  evaporates  tiU  its  surface  descends,  and  permits  the  weight  of  the 
float  to  bring  down  the  levers  to  the  position  represented,  the  cocks  will  be 
opened,  and  the  steam  will  rise  through  the  pipe  f ,  by  which  the  pressure  will 
be  equalized  in  the  boiler  a  and  the  supply  vessel  6,  and  water  will  descend 
through /till  its  surface  in  the  boiler  rises  sufficiently  high  to  raise  the  float  and 
shut  the  valves ;  and  then  the  condensation  of  steam  in  h  will  cause  a  partial 
vacuum,  permitting  a  fresh  dose  of  water  to  pass  through  e  into  the  feed  vessel. 
BOLOGNIAN  STONE.  This  stone  is  the  ponderous  spar,  or  native  sul- 
phate of  barytes,  the  phosphoric  property  of  which  was  first  discovered  by  an 
Italian  shoemaker.  If  it  be  first  heated  to  ignition,  then  finely  powdered,  and 
made  into  a  paste  with  mucilage,  and  this  paste  divided  into  pieces  a  quarter 
of  an  inch  thick,  and  dried  in  a  moderate  heat,  be  exposed  to  the  heat  of  a  wind 
furnace,  by  placing  them  loose  in  the  midst  of  the  charcoal,  a  pyrophorua 
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Kill  bi  obtained,  wbich,  after  ■  few  minutea'  ezponire  to  the  lun'i  taya,  will 
give  light  enough  in  the  darL  to  reoder  the  figures  od  the  dial-plate  of  a  valch 

BOLTING  MACHINE.  A  part  of  the  machinery  of  ■  flour  mai,  by 
which  the  flour  in  Beporated  from  the  meal,  which  operation  ii  tenned  drating 
the  Sour.  It  usuollf  consiits  of  an  heiaeonal  reel,  over  which  ii  drawn  a  ucl^ 
called  the  bolting  cloth,  of  conaiderably  larger  diameter  than  the  reel,  and 
eorapoied  of  a  peculiar  ipcciei  of  duck  made  for  the  purpose.  The  reel  ii  placed 
in  an  inclined  poaition,  and  made  to  revolve  rapidlv  within  aix  ban  of  wood, 
called  beaten,  fixed  to  a  caie  or  box,  within  which  the  reel  revolvea.    The 


reel  being  tinned  with  great  velocity,  the  centrifugal  force  would  throw  out  tbt 
bolting  cloth  to  its  utmost  extent  were  it  not  intercepted  by  the  beaten;  the 
repealed  blows  from  tbeie  firat  force  the  flour  through  the  intentJces  of  Ibe 
do^,  and  lubaequently,  at  the  tail  end  of  the  reel,  the  offal  coniisting  of  bran, 
pollard,  and  sharps.  The  above  cDgraving  repiesenta  Ayton's  improved 
Flour  Bolting  Mills,  constructed  upon  the  principle  just  described,  but  provided 
with  the  means  of  more  easily  and  effectually  regulating  the  tension  and  eU*- 
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ticity  of  the  bolting  dotfa,  lo  u  to  produce  in  it  a  unifonn  and  powetftil  vtbra^ 
tion,  which  it  effected  by  leeiiTed  loope  at  one  end  of  the  doth  to  six  elastio 
iteel  arms  or  springs,  instead  of  the  stiff*  arms  of  the  common  construction. 

Rig,  1  is  a  plan  or  front  view  of  the  steel  arms  a  a,  and  F%g.  2  a  side  view 
of  the  same  in  section.  These  arms  are  rivetted  to  a  ring  of  metal  c,  and  at 
their  outer  extremities  are  formed  into  broad  flat  hooks  to  receive  the  loops  of 
the  bolting  cloth,  for  which  purpose  they  are  nicely  rounded  and  smoothed. 
The  ring  c  is  secured  by  two  conical  pointed  screws  to  another  ring  d^  placed 
within  e^  sufficient  space  being  left  between  the  two  rings  to  allow  a  small  degree 
of  play.  The  ring  a  is  in  like  manner  secured  to  the  central  socket  e  by  means 
of  two  other  ccmical  pointed  screws,  with  a  similar  allowance  for  play ;  the  two 
rings  e  and  d  forming  a  kind  of  universal  joint.  The  socket  e  is  put  over  the 
square  part  of  the  spindle  of  the  reel,  and  fixed  at  any  part  of  its  length  by 
means  of  a  tightening  screw.  Fig.  3  represents  the  improved  bolting  macliine, 
with  the  front  panneu  of  the  case  in  which  it  is  inclosed  in  order ;  the  beaters 
hhhhtxe  fixed,  the  two  which  axe  in  front  of  the  machine  beinr  shown  in 
dotted  lines ;  i  is  the  revolving  axis  or  spindle,  to  which  is  fixed  a  ught  hemi- 
spherical frame  m,  over  which  the  bolting  cloth  is  drawn,  and  made  fast  to  the 
circular  ring  or  curb  n,  by  means  of  a  string  running  in  a  band  of  leather 
sewed  to  the  head  of  the  doth  to  strengthen  it;  the  loops  to  the  "  tail  leather" 
at  the  other  end  of  the  machine  are  fixed  to  the  sprint  arms  m  a,  already 
described  and  shewn  in  their  place  upon  the  axis  t,  by  which  means  the  most 
perfect  and  equal  tension  of  the  bdting  doth  is  obtained,  and  the  heaters  bdng 
adjusted  to  a  proper  distance,  the  operation  of  bolting  is  very  effectually  per- 
formed. Another  improvement,  although  not  daimed  in  the  patent,  u  the  sub- 
stitution of  four  doth  fanners  for  the  wooden  rails,  which  compose  the  red  in 
the  ordinary  machine.  The  fanners  are  constructed  as  foUows:  upon  the  spindle 
i  are  fixed  two  **  maces  "  or  bosses  k  k,  firom  each  of  which  radiate  four  arms ; 
from  each  of  the  arms  on  the  maoe,  a  piece  of  duck,  about  six  inches  broad,  is 
stretched  to  the  arms  of  the  other  mace  as  shewn  ail  L  When  a  rapid  motion 
is  given  to  the  reels,  the  pieces  of  duck  //  set  the  air  in  brisk  motion,  by  which 
much  of  the  flour  is  forced  through  the  bolting  doth,  the  tension  and  tremulous 
motion  of  which,  by  the  dastidty  of  the  springs,  tend  to  prevent  the  cloning  up 
the  interstices  of  tne  doth,  and  the  operation  of  bolting  proceeds  with  great 
regularity  and  expedition.  Accompanying  the  description  of  the  machine  in 
the  patentee's  circular,  are  several  certificates  fi!om  respectable  millers  of  its 
superior  efficacy,  which  state  that  nearly  double  the  quantity  of  meal  is  bolted 
in  a  given  time.  There  u  another  description  of  dressing  machine,  in  which  a 
cylinder  composed  of  wire  gauze  of  various  degrees  of  fineness  is  employed  to 
sift  the  meal  instead  of  a  lilting  doth. 

BOMBASINE.  A  well  known  stui^  produced  by  various  mixtures  of  cotton 
and  silk. 

BONE  ASH.  The  residue  of  burnt  bones.  The  process  is  conducted  in 
the  open  air,  in  large  heaps,  and  the  earthy  sdt  which  remains  forms  on  an 
average  about  half  the  weight  of  the  fresh  bone.  It  is  composed  chiefly  of 
phosphate  of  lime,  and  is  used  by  die  assayers  as  the  material  for  cupels,  and 
for  other  purposes. 

BONEs.  The  hard  insensible  substance  of  which  the  firame  or  skeleton  of 
animal  bodies  is  formed.  Although  the  proportion  of  the  ingredients  vary  in 
the  bones  of  different  animals,  as  also  in  different  parts  of  the  same  animal,  the 

general  constituents  of  bones  are  as  follows :  gelatin  or  JeUy,  soluble  in  hot 
ut  not  in  cold  water ;  fat,  separable  by  boilinff,  when  it  nses  to  the  top  of  the 
water,  and  becomes  concrete  in  cooling ;  phosphate  of  lime  in  laige  quantity ;  a 
little  sulphate  and  carbonate  of  lime ;  and  a  cartilaginous  substance  retaining 
tlie  form  of  the  bone  after  eveij  thing  else  has  been  extracted,  by  boiling  ana 
by  adds.  The  uses  of  bones  m  the  arts  are  very  numerous.  Both  in  their 
natond  state  and  dyed,  they  are  made  into  knife  handles  and  various  axticles  of 
iamery  ware.  They  are  extensivdy  used  in  the  manufacture  of  ammonia,  the 
reftne  forming  bone  black ;  or  oaldned  to  whitenees  in  the  open  air,  they  form 
bone  ash,  wmch  see.    They  are  abo  employed  in  the  preparation  of  milky 


oT  glue ;  ani  recently  in  Fnuce,  Urge  quwititim  of  gelatin  have  be«n  extracted 
from  booM,  which  hai  heen  nibiM{ueDt]y  made  into  xmpa  for  hoapitali,  aoldiera,  and 
rriitaiiinlf  lira  The  procea  ia  aa  follawi :  the  bones  are  lint  broken  into  imall 
piecta,  and  then  thrown  into  a  kettle  of  boiling  water,  and  Iwiled  for  a  qututer  of 
an  hour.  When  thji  ha*  become  cold,  a  quantity  of  ^t,  amounting  in  some  in- 
atancn  to  nearly  a  fourth  of  the  wewfat  of  the  bones,  is  found  at  the  surfacG  of  th* 
liquoT.and  is  applicable  to  many  useriil  purposes.  After  this,  the  bones  are  ground, 
and  baited  in  eight  ot  ten  time*  their  weight  of  water,  until  about  one  half  is  wMted, 
tfhen  ■  \trf  nutritious  jelly  is  obtained.  M.  Darcet  recommends,  instead  of 
grinding  the  bones,  which  is  a  work  of  great  labour,  to  treat  them  with  dilute 
muriatie  vaA,  which  diMolvei  the  *alu  of  lime,  leaving  the  gelatin  untouched, 
and  retaining  the  thnn  of  the  bones ;  this  is  afterwards  to  be  repeatedly  washed 
in  olear  cold  water  to  free  it  from  all  taste  of  the  acid,  and  then  if  not  required 
for  immediate  use,  to  be  thoroughly  dried  by  long  expomire  to  a  gentle  heat,  after 
which  it  is  little  affected  by  the  atmosphere,  and  will  keep  for  a  great  length  of 
time.  It  should  be  observed,  that  the  bonea  should  not  he  boiled  in  copper 
vessels,  as  gelatin  quickly  attacks  that  metal  Bones  are  Ukewise  extensively 
used  in  agriculture  aa  a  manure,  when  reduced  to  a  coarse  powder;  and  large 
quantities  are  collected  for  this  purpose  from  various  parts  of  the  kingdom,  aa 
well  as  from  ^>road,  and  sent  to  Yorkshire,  where  most  of  the  bone  mills  are 
established,  to  ba  ground.    The  annexed.  Fig.  1,  r^reaenl*  a  tide  elevation 


of  a  bone  mill  of  an  approved  conttiuetion.  a  a  is  one  of  the  side  fVames,  h 
the  driving  shaft  carrying  a  pinion  e,  which  turns  the  wheels  d  to  the  axis  *, 
and  the  wheel /upon  the  axitp;  A  ■  are  a  pair  of  fluted  rollers  Axed  to  their 
respective  ahafia  «  and  i',  and  tuning  in  contrary  durectioo*  by  the  action  of 
the  two  whaeli  1  and  m.  abo  affixed  bo  the  aama  shafts;  m  and  o  are  another 
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pair  of  rollen  affixed  to  the  shafts  q  and  p  respectively,  and  likewise  turned  in 
contrary  directions  by  a  pair  of  wheels  upon  the  same  axes.  These  rollers  are 
composed  of  a  series  of  wrought  iron  discs,  with  teeth  resembling  those  of  a 
ratchet-wheel,  and  fixed  up  the  shaft,  with  a  pkin  disc  of  smaller  diameter 
interposed  between  each  pair  of  the  toothed  disc,  as  shewn  in  Fig,  2,  and  so 
arranged  that  the  toothed  discs  on  one  shaft  shall  face  the  plain  discs  on  the 
other.  The  most  valuable  part  of  the  bones  is  first  removed  by  a  circular  saw, 
and  set  apart  for  the  uses  of  turners  and  others ;  the  joints  and  re^se  are  then 

crushed,  and  fall 
where  they  ar^ 
(in  dotted  lines) 

to  the  receiver,  'to  prevent  the  teeth  of  the  rollers  being  broken  by  any 
excessive  resistance,  the  plummer  blocks,  which  support  the  shafts  k  and  p,  are 
not  fixed  to  the  side  frame,  but  are  retained  in  their  places  by  pins  passing 
through  chase  mortises  in  the  frames,  allowing  the  blocks  to  slide  along  the 
frame,  and  the  rollers  are  kept  in  contact  by  means  of  weighted  levers  w  ff, 
pressing  upon  short  studs  y  z,  attached  to  the  plummer  blocks,  which  carry  the 
shafts  k  p, 

BOOKBINDING  is  the  art  of  securing  together  a  number  of  separate  leaves 
into  one  book,  and  is  of  very  great  antiquity,  the  invention  being  generally 
attributed  to  one  of  the  kings  of  Peigamus,  to  whom  we  are  also  said  to  bie 
indebted  for  the  invention  of  parchment  Bookbinding,  properl;^  so  calledt* 
includes  the  binding  of  all  printed  books ;  while  vellum-bmding  is  the  term 
applied  to  the  binding  of  every  description  of  account  books.  The  two  branches 
are  quite  distinct,  and  seldom,  if  ever,  successftilly  practised  bv  the  same  in- 
dividual; we  shall  therefore  describe  each  branch  separately,  beginning  with 
bookbindine^.  Although  the  limits  of  this  work  preclude  the  possibility  of 
entering  mmutely  into  all  the  practical  details  of  tne  subject,  yet  it  is  hoped 
that  the  following  account  will  be  found  to  contain  a  clear  and  connected  view 
of  the  nature  of  each  process,  and  of  the  tools  employed,  with  a  brief  notice  of 
some  of  the  more  striking  attempts  at  improvement. 

In  binding  printed  books,  they  are  generally  received  by  the  binder  m  sheets, 
which  are  folded  into  quartos,  octavos,  duodecimos,  &c.,  as  the  case  may  be. 
This  process  is  assisted  by  certain  catch-marks  or  signatures,  printed  at  the 
bottom  of  each  sheet,  by  attending  to  which,  and  keeping  the  folio  of  one  page 
on  the  folio  of  another,  and  at  the  same  time  preserving  the  necessary  corre- 
spondence between  the  foot  of  each  page,  the  work  will  be  properly  folded,  and 
an  uniformity  of  margin  preserved  throughout  the  work.,  llie  book  having  been 
folded  and  pressed,  is  next  beaten  on  a  large  smooth  stone,  with  a  cast  iit)n 
bell-shaped  hammer,  weighing  from  twelve  to  fourteen  pounds.  This  beating 
requires  great  care  and  skilfhlness  on  the  part  of  the  workman,  and  various 
attempts  nave  been  made,  at  different  periods,  to  supersede  the  process,  by  the 
use  of  hydraulic  and  other  powerful  presses ;  these,  nowever,  have  proved  unfit 
for  the  purpose,  generally  creasing  and  disfiguring  the  work.  Mr.  Bum,  of 
Hatton  Garaen,  has,  however,  succeeded  in  rendering  books  extremely  compact 
and  solid,  by  passing  the  sheets,  when  folded,  between  a  pair  of  powerfiil 
rollers;  and  this  method  will  eventually  supersede  the  old  laborious  and  imperfect 
one  of  hammer-beating.  The  apparatus  of  Mr.  Bum  consists  of  two  iron 
cylinders,  about  12  inches  in  diameter,  adjustable  in  the  usual  manner  by 
screws,  and  worked  by  manual  labour  applied  to  one  or  two  cranked  handles. 
A  boy  sits  in  front  of  the  press,  who  gathers  the  sheets  into  packets  by  placing 
two  or  more  upon  a  piece  of  tin  plate  of  the  same  size,  and  covering  them  with 
another  piece,  and  tnus  proceeding,  by  altemsling  tin  plates  and  bundles  of 
sheets,  tul  a  sufficient  quantity  have  been  put  together,  which  will  depend 
greatly  on  the  thickness  and  hardness  of  the  paper,  &c.  The  packet  so  formed 
is  then  passed  between  the  rollers,  and  is  received  by  the  man  who  turns  the 
winch,  and  who  has  time  to  lay  the  sheeU  on  one  side,  and  hand  over  the  tin 
plates,  by  the  time  that  the  boy  has  prepared  a  second  packet  The  time 
occupied  in  tliis  process  is  about  one-twentieth  of  that  requisite  for  beating.  It 
is  not  merely  a  saving  of  time,  however,  that  is  gained  by  using  the  rolling- . 
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KM,  for  the  paper  b  rendered  much  smoother,  and  the  compreMion  of  the 
k  is  one-aixth  greater  than  could  have  been  obtained  hjr  beating.  The 
Society  of  Arti  preeented  Mr.  Bum  with  their  ailrei  Vulcnn  medal  for  hii 
invention,  which  ia  now  in  very  general  and  eitensive  nse.  Newly-printed 
work*  will  not  admit  of  beating  or  rolling,  and  booki  which  are  only  to  be 
boarded,  do  not  require  more  than  a  good  preuing.  After  beating  or  rolling, 
the  book  is  collated,  and  the  plates  (if  any)  put  in  their  respectiTe  places,  ft 
ii  then  pat  in  the  standing  preas,  and  after  remaining  there  a  abort  time,  is  taken 
out,  and  the  waste  leaves  added  at  the  beginning  and  end.  The  book  is  then 
taken  ud  between  the  extended  finders  ot  each  hand,  and  the  back  and  head 
knocked  up  nice  and  aquare';  one  side  of  the  book  is  then  laid  upon  a  preuing 
board  aa  large  aa  the  book  itself,  beyond  which  the  back  must  project  about  half 
an  inch;  a  aecond  preising-board,  correiiponding  in  size  and  position  with  the 
former,  is  placed  upon  the  upper  aide,  and  the  board  being  firmly  grasped  with 
the  left  hand,  the  book  ia  lowered  into  the  cutting-presa,  which  ia  screwed  up 
tight,  and  a  certain  number  of  grooves,  according  to  the  size  of  the  book,  are 
cut  in  the  back  with  a  tenon  saw,  for  the  reception  of  the  cords  on  which  the 
book  ia  to  be  aewed.  After  sawing,  the  sections  are  parted  by  passing  a  folding 
■tick  up  and  down  between  them.  The  book  is  then  taken  to  the  sewing-preas, 
of  which  the  accompanying  ia  ■  representation.      It  consiata  of  a  stout  Aat 


board  a  a,  and  two  upright  screws  b  b,  with  a  long  opening  between  them.  A 
top  roil  e  rises  and  falls  upon  the  screws  by  means  of  two  nuts  d  d.  Several 
corda,  suited  in  st^e  and  number  to  the  kind  of  hooka  which  are  to  be  sewn,  are 
attached  to  the  rail  c,  and  aet  to  correspond  with  the  sawed  grooves  in  the 
back  of  the  book;  the  cords  being  carried  down  through  the  aperture  in  the 
bed  of  the  press,  are  fastened  underneath  by  means  of  brass  keys,  of  which  « 
i>  a  representation.  The  number  and  distances  of  the  bands  are  quite  aibiErary, 
and  are  disposed  according  to  the  fancy  of  the  workman ;  it  moy,  however,  m 
general,  be  regulated  as  Allows :  33mos.  three  bends ;  I  Smos.,  IZmos ,  gvoa., 
and  two-leaf  4tos.  four  banda ;  royal  Svos.  and  wbole-aheet  4tos.  live  bands ; 
and  folios  from  five  to  seven  bands.  In  sawing  the  back  two  extra  grooves  are 
made,  one  at  each  end  of  the  book,  for  the  catch  or  kettle^titch.  The  book 
bebg  placed  with  the  back  towaujs  the  sewer,  and  the  title  uppeirnost,  the  fly- 
leaf or  end  paper  is  first  laid  upon  the  press  and  sewed  to  the  cords,  by  passing 
the  needle  m  the  first  right-hand  groove  or  catch-stiteb  mark,  with  the  risht 
hand ;  the  left  hand  being  kept  in  the  middle  of  the  tecUon,  receives  the  needle 
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and  draws  it  through,  leaving  two  or  three  inches  of  the  thread  undrawn.  The 
needle  is  then  returned  out  on  the  head  side  of  the  hand,  received  hy  the  right 
hand,  and  passed  through  on  the  other  side  of  the  band,  by  which  the  thread  is 
conducted  round  each  band  in  succession.  The  needle  being  carried  along  tlie 
inside  of  the  section,  and  led  round  each  band  in  this  manner,  is  at  last  brought 
out  of  the  last  groove  or  left  hand  catch-stitch  mark.  The  first  section  of  the 
book  is  then  taken  and  sewed  to  the  bands  in  the  same  way ;  when  the  needle 
comes  out  at  the  catch-stitch  mark,  over  the  end  of  the  thread  left  out  of  the 
fly-leaf  in  the  first  sewing,  the  thread  is  tied  to  it  in  a  knot.  The  remaining 
sections  are  then  sewn,  the  thread  being  fastened  through  the  catch-stitch  of 
each  preceding  section.  Care  must  be  taken  not  to  draw  the  thread  of  the 
catch-stitches  too  tight,  but  to  keep  the  back  equally  swelled.  A  number  of 
books  may  be  sewed  one  on  another,  till  the  press  is  three^  parts  lull,  care  being 
taken  to  finish  off  the  sewing  of  each  book,  and  not  to  catch" stitch  them  together. 
The  proper  number  of  books  being  sewed,  the  strings  are  cut  from  the  rul,  and 
unfastened  at  the  bottom ;  the  books  are  then  separated  and  the  bands  cut  apart^ 
leaving  about  two  inches  on  each  side  of  tlie  book.  After  sewing,  the  back  of 
the  book  is  glued;  and  when  that  is  dry,  the  ends  of  the  bands  are  opened  and 
scraped.  If  the  book  is  to  be  lined,  which  is  customary  with  all  hal^extra  and 
other  superior  work,  it  is  now  done,  either  with  fine  coloured  or  marble  paper. 
If  with  marble  paper,  the  sheet  is  folded  with  the  plain  side  outwards,  one  naif 
of  it  being  pasted ;  it  is  laid  between  the  fly-leaves,  into  the  fold  of  which  it  ia 
closely  worked ;  the  other  half  is  then  pasted,  and  the  next  fly-leaf  rubbed 
down  upon  it,  any  superfluous  edges  being  cut  off"  with  the  shears.  This  done, 
the  bacK  is  next  to  be  rounded,  which  is  effected  by  laying  the  book  on  the 
press  cheek,  with  the  fore-edge  towards  the  workman,  who  presses  the  fingers 
of  his  left  hand  upon  the  book,  and  at  the  same  time  draws  it  towards  him, 
gently  tapping  the  nack  up  and  down  with  a  hammer,  alternately  changing  the 
sides  until  the  book  is  uniformly  and  effectually  rounded.  The  back  is  then 
squeezed  in  the  cutting  press  for  a  few  minutes,  which  sets  it,  and  the  book  is 
then  ready  for  hacking.  This  consists  in  forming  a  projection  of  the  back  on 
each  side  of  the  book,  sufficient  to  cover  the  l^rds,  and  is  done  by  placing 
cutting  boards  on  each  side  of  the  book,  within  about  a  quarter  of  an  mch  of 
the  back,  or  according  to  the  size  of  the  book,  care  being  taken  that  the  boards 
are  parallel  with  the  back,  and  at  equal  distances  from  it  The  boards  being 
tightly  erasped  by  the  left  hand,  are  lowered  into  the  cutting-press  and  screwed 
tight ;  the  back  is  then  hammered  gently  and  uniformly  all  over,  which  causes 
it  to  spread  over  the  boards  so  as  to  form  the  required  ledge  or  projection.  If 
any  roughness  appears  on  the  back,  it  is  removed  by  scraping,  and  cleaned  off 
with  paste  and  paper  shavings.  The  boards  for  the  cover,  which  are  brown 
milled  boards,  having  been  cut  to  the  required  size  with  shears,  or  ploughed  in 
the  cutting  press,  two  holes  are  pricked  with  a  bodkin  for  each  band,  one  of 
them  directly  opposite  the  band,  the  other  about  an  inch  beyond  it  The  first, 
for  8vos.,  should  he  about  half  an  inch  firom  the  edge  of  the  board,  the  others 
about  an  inch,  or  for  larger  works  still  forwarded.  The  bands  are  then  drawn 
through  the  outer  side  of  the  board,  and  passed  through  the  other  hole  to  the 
outside  again,  where  the  ends  are  spread  and  pasted.  Each  board  is  then  opened, 
and  laid  separately  on  a  smooth  piece  of  iron,  and  the  strines  hammered  flat 
The  boards,  which  should  not  be  put  on  too  tightly,  havmg  been  properly 
adjusted,  and  the  back  examined  to  see  that  it  has  not  been  deranged,  and  the 
defects,  if  any,  remedied  with  the  backing  hammer,  the  next  step  is  cutting 
the  fore-edge.  For  this  purpose  the  boards  are  thrown  out  of  the  grooves  or 
ledges,  and  then  brought  to  a  perfect  level  with  the  back  by  knocking  on  the 
cheeks  of  the  press ;  a  cuUmg-board  (of  oak  or  beech,  and  rather  wedge-shaped) 
is  then  placed  on  the  left  hand  side  of  the  book,  and  another,  called  a  runner, 
on  the  right ;  the  whole  is  then  placed  in  the  cutting-press,  the  runner  being 
brought  even  with  the  right  cheek  of  the  press,  and  when  properly  adjusted^ 
the  press  is  screwed  up,  and  the  fore-edge  ploughed.  After  cutting  the  fore- 
edge,  the  book  is  taken  out,  and  the  back  rounded  as  before,  when  a  corresponding 
groove  will  be  formed  in  the  front    The  head  is  next  cut  by  knocking  the 
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boudi  itreighl  up  with  it,  keeping  ihem  in  the  ledge  produced  bv  backlog  1 

the  cut^ng-boud  uid  ninnet  sre  ^en  applied  as  before,  and  the  head  ploughed. 

For  cutting  the  opposite 

end,  the  binnls  are  slipped 

below  the  head  ai  much 

again  ai  it  is  intended  they 

aball  prefect,  which  should 

be  t^er  len  than  on  the 

fore-edge.     A  small  jji 

a  then  taken  off  (he  in 

comer  of  each  board ;  and 

the  boards  being  replaced, 

there  will  be  found  a  aiifli- 

dent   projection  for  both 

The  cutting'ptes*  which 
has  been  referred  to,  con- 
slits  of  two  strong  wooden  cheeks  /  g,  connected  by  two  ilide  bars  k  h,  and 
two  wooden  screws  i  i.     Upon  the  cheek  /  arc  two  guides  for  the  plough  to 

The   plough,   which  is  the  cutUng 

ineCminent,  consista  of  two  aides,  kl, 
connected  by  a  screw  m,  and  two  slide 
bars,  n  n.  A  knife  □  is  fastened  to  the 
under  side  of  the  cheek  I,  by  a  strong 
square  bolt,  which  takea  into  a  groove 
cut  on  the  circumference  of  the  screw 
m,  and  prevents  it  from  moving  later- 
ally in  the  eheek.  When  the  screw 
is  turned,  therefore,  the  two  sides  of 
the  plough  approBcU  to  or  recede  from 
each  other. 

Various  attempts  have  at  difTereiit 
times  been  mode  to  improve  the  cutting- 
press  and  its  appurtenances.  Mr, 
Baxter,  of  Lewes,  proposed  to  obviate 
most  of  the  inconveniences  attending 
the  use  of  the  common  plough-knife. 
His  improved  knife  consisted  of  a  braaa 
or  gun-melal  stock  p,  having  a  dove- 
tailed groove  on  its  under  surface,  in 
which  slidea  a  steel  blade  or  cutter  r, 
which  i«  kept  in  any  required  posiUon 
by  a  set  screw  on  the  upper  part  of  the  stock  at 

m  this  knife  is,  that  when  once  properly  adjusted,  tne  OLode  may  tie  cnangea 
■ud  ground  ad  injiiuium,  without  deranging  the  adjustment  of  the  stock. 

In  the  year  1806,  the  Society  of  Arts  presented  Mr.  J.  Hardie,  of  Glasgow, 
vrith  a  reward  for  an  improved  cutting- press  for  bookbindera,  which  is  deHneated 
in  the  cut  at  the  top  of  pwe  224.  I  is  the  left  hand  check  of  the  press,  con- 
nected with  a  frame  vvv,  having  two  grooves  on  the  inside,  in  which  the  cheek 
IE  slides  backward  and  forward  by  means  of  the  iron  screw  z,  which  ii  secured 
to  it  by  a  collar  at  y.  k  are  Uie  guides  for  the  plough.  The  advantages 
claimed  for  this  press  are  its  simplicity,  great  power,  and  increased  facility  of 
use,  as  compared  with  other  presses. 

But  the  most  striking  improvement  is  m  a  cutting-press  recently  constructed 
by  an  ingenious  mechanic  named  Penny,  which  promises  to  be  of  great  practi- 
cal ulilityj  for  with  this  press,  an  indifferent  workman  will  cut  the  edges  of 
books  or  paper  with  mathematieal  accuracy  and  precision,  which  the  very  best 
cutter  with  the  old  preas  could  never  accomulish.  Penn'ys  press  consists  of 
two  cheeks,  with  screws  and  slide  ban,  as  in  the  ordinary  machine  j  but  to  the 
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under  aide  of  (he  left  hand  cheek,  a  Traming  A  A  it  allftched,  whicli  pnjeca 

■amc  distance  under  the  other  cheek.    Within  this  frame,  a  pktfann  B  rue*  and 

falls,  perfectly  parallel  with  the 

upper  surface  of  the  praas,  hy 

meaiii  of  a  rack  to  which  the 

platform  is  attached.    A  pinion 

et  C,  gives  motion  to  the  rack. 

On  the  axis  of  the  pinion,  and 

on   the  left  hand  side  of  the 

presa,  there  is  a  large  wlieel  D 

which  the  workman  tuma  with 

his  hand,  lo  give  the  platfornt 


elevation,  fixinj 
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moves  perfectly  parallel  with 
the  aurface  of  the  preaa,  and  at 
right  angle!  to  the  frame  A  A, 
it  follows  that  any  thing  reiting  on  the  platform  will  be  out  true  throughout  ita 
whole  thicknesa.  This  has  been  shewn  to  ha  the  caie,  by  taking  off  consecu- 
tively, shavings  from  paper  the  thirty-sec>)nd  of  an  inch  wide,  which  were  per- 
fectly accurate  throuBhout,  from  first  to  last,  T^  suiprising  accuraey  of  thia 
press,  however,  would  be  of  little  avail  with  ploughs  and  knives  of  the  usual 
deacriptioQ.  Mr.  Penny  haa  therefore  lo  far  improved  the  plough  as  to  make  it 
a  fit  accompaniment  to  his  ptesa.  For  this  purpose,  the  aides,  screw,  and  slide- 
bars  are  made  with  considerable  care,  the  under  turface  of  the  aJdee  being  shod 
with  metal,  which  on  the 
right  hand  side  is  formed 
into  an  appropriate  bed  for 
the  knife,  as  at  E.  The 
knife  ia  of  the  form  ahewn 
at  F;  the  blade  Is  placed  . 
direcUy  under  the  sci 
and  secured  by  two  «c 
bolts,  in  lieu  of  one.  The 
bed  for  the  knife  be  in? 
metal,  and  the  knife  itaell 
being  accurately  6niahed, 
no  tedious  adjustment  Is 
ever  necessary.  The  knife 
being  in  the  centre,  slanda 


BOOKBINDING.  225 

to  its  work  well,  and  the  plough  does  not  twist  about  like  the  old  ones.  Mr.  Penny 
received  a  reward  from  the  Society  of  Arts,  in  1832,  for  his  improved  plough. 
The  standing-press  employed  b^  bookbinders  is  usually  the  common  screw-press, 
worked  by  a  long  lever,  to  which  the  power  of  a  windlass  is  sometimes  added. 
Having  thus  briefly  noticed  some  of  tne  machinery  which  is  employed  by  the 
bookbinder,  we  return  to  the  book,  the  edges  of  which  had  just  been  cut;  the 
next  thing,  therefore,  is  to  ornament  its  edges,  which  is  done  either  bv  colouring, 
sprinkling,  marUing,  or  gilding.  The  first  of  these  processes  Is  the  most 
smopie^  and  is  that  usually  adopted  for  the  commonest  work.  The  books  beinff 
laid  one  on  the  other,  or  screwed  in  the  cutting-press,  the  colour  is  applied  wiw 
a  sponge.  The  colours  mostly  employed  for  this  purpose,  are  Spirit-blue, 
Brown-umber,  Kin^'s-yellow,  Dutch-pink,  Spanish-brown,  and  Vermilion,  mixed 
with  size.  Sprinklmg  is  performed  oy  dipping  a  stiff  brush  in  the  colour,  and 
striking  it  upon  the  presfr-pin  held  in  Uie  tdft  hand,  by  which  means  the  colour 
is  thrown  upon  the  books  m  fine  spots,  and  a  little  practice  enables  the  workman 
to  distribute  them  very  equally  all  over  the  edges.  Better  kinds  of  books,  however, 
are  generally  marbled  on  the  edges,  the  patterns  being  made  to  correspond  with 
the  marble  paper  lining.  Marbling  is  performed  as  follows :  a  trough  is  pro- 
vided of  a  convenient  sise,  about  two  inches  deep,  which  is  filled  with  (uean  gum- 
water  ;  various  coloured  pigments,  ground  in  spirits  of  wine,  and  mixed  with  a 
small  quantity  of  ox-gall,  are  then  dirown  upon  me  snrface  of  the  gum-water,  and 
disDosed  in  various  forms,  according  to  the  pattern  that  is  desirra,  with  a  quill 
ana  comb.  The  proper  pattern  bemg  obtained,  the  book  is  tied  between  two 
boards,  and  the  cages  dipped  into  the  trough,  when  the  floating  colours  become 
transferred  to  the  book;  cold  water  is  immediately  dashed  over  the  edges, 
which  sete  the  colours,  and  gives  them  a  clear  appearance.  If  the  edges  are  to 
be  gilt,  they  are  nicely  cut  and  tied  between  two  boards ;  they  are  then  sponged 
over  with  yellow-ochre,  which  is  scraped  off,  and  the  edges  rubbed  dry  with 
paper  shavings.  Parchment  size,  or  a  size  composed  of  equal  parts  of  water 
and  white  of  eggs,  is  laid  upon  the  book  edge,  and  covered  with  gold  leaf;  it 
is  then  dried  gradually,  and  before  it  gets  quite  hard,  is  burnished  with  an  agate 
burnisher.  Trie  edges  are  then  protected  from  injury  during  the  remainder  of 
the  process  by  a  paper  covering.  Head-banding  then  ft^ows.  Head-bands  an 
of  two  kinds,  ttuck  on  and  worked.  The  stock-on  head-band  is  formed  by 
cutting  a  piece  of  striped  or  coloured  linen  about  an  inch  deep,  and  equal  in 
length  to  the  thickness  of  the  book ;  one  side  is  pasted,  and  a  piece  of  well-twisted 
ooxd  laid  across  one  third  of  its  width;  it  is  then  folded  over,  enclosing  the 
string,  and  worked  well  up  to  it.  The  back  of  the  book  being  glued,  the 
linen  is  laid  upon  it,  the  cord  or  head-band  being  placed  flat  upon  the  end  of 
the  leaves.  For  all  extra  work,  however,  tiie  head-bands  are  worked  in  the 
following  manner.  A  strip  of  thick  vellum,  board,  or  string,  prepared  by  rolling 
it  tight  m  pasted  paper,  is  token  of  a  dimension  suited  to  the  size  of  the  book ; 
■tout  well-twisted  silk,  of  two  or  more  colours,  is  then  taken ;  if  two  colours  are 
used,  they  are  doubled  and  tied  toge  Aer  by  the  ends,  one  of  them  being  previously 
equipped  with  a  needle.  The  b^k  is  then  placed  in  the  cuttinff-press  with  the 
back  uppermost,  the  head  towards  the  workman,  and  considerably  elevated ;  the 
needle  is  then  passed  through  the  middle  of  the  second  section,  on  the  left-hand 
■de,  just  below  the  cateh-etitch,  and  drawn  out  fityr  enough  to  bring  the  knot 
joining  the  two  silks  dose  into  the  middle  of  the  section ;  the  needle  is  then  brought 
up,  and  passed  again  tlu-oiwh  the  same  i^ace,  and  the  silk  drawn  nearly  ck«e ; 
the  nnuid  strip  is  placed  m  the  loop  thus  formed,  and  the  silk  drawn  tight 
with  the  left  hand ;  the  other  silk  is  brouj^ht  over  with  the  right,  and  passed 
under  and  over  the  head-band,  when  tlwt  is  held  tight  with  the  left  hand ;  the 
other  silk  is  now  put  over  that,  and  also  under  md  over  the  head-band ;  they 
are  thus  worked  alternately  over  each  other,  as  far  as  the  middle  section  of 
die  book,  through  which  the  needle  is  passed  below  the  catehretiteh,  and 
brought  over  the  head-band,  when  the  working  is  proceeded  with  aa  before,  as 
far  as  the  last  section  but  one;  tiie  needle  is  passed  through  this  section,  and 
over  the  head-band  twice,  and  finally  fastened  on  the  back.  The  ends  of  the 
head-band  are  then  cut  off,  almost  close  to  the  silk  at  each  end.    The  part 
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produced  by  working  one  silk  over  the  other  it  called  the  braiding,  which  forms 
the  Diincipal  beauty  of  the  head-band,  and  should  be  ranged  close  down  upon 
the  leaves  of  the  book  on  the  inside  of  the  band,  which  is  easily  managed. 
Both  ends  of  the  book  having  been  worked  in  this  way,  the  elue  brush  is 
drawn  across  the  back  of  the  rands,  which  strengthens  them  and  keeps  them 
in  their  proper  places.     It  is  now  the  usual  practice  to  make  a  hollow  back,  on 
account  of  its  enabling  the  book  to  open  better,  and  also  preserving  the  leather 
from  cracking.     The  hollow  back  is  formed  by  cutting  a  strip  of  cartridge 
paper  twice  the  width  of  the  back,  and  the  same  lengUi ;  this  is  folded  in  half, 
and  the  back  being  fresh  glued,  one  half  of  the  folded  paper  is  stuck  on,  the 
other  half  being  £ubled  upon  it.     If  the  book  is  to  have  raised  bands,  they 
are  now  put  on ;  they  are  formed  of  strips  of  thick  leather,  as  wide,  and  at 
such  distances  fit>m  each  other,  as  taste  oirects ;  they  are  glued  on  the  loose 
back,  and  pared  down  at  the  ends,  the  sides  being  kept  shaip  and  square. 
They  are  used  to  give  a  neat  appearance  to  the  back,  and  are  a  great  improve- 
ment on  the  old  method  of  sewing  the  book  on  raised  bands  in  lieu  of  the 
sunken  cords.     The  book  is  then  ready  for  covering,  with  leather,  if  to  be 
whole  bound,  or  with  leather  and  paper,  if  to  be  only  half-bound.     For  whole 
binding  the  leather  is  cut  about  half  an  inch  larger  all  round  than  the  book, 
and  carefully  pared  round  the  edge  with  a  sharp  knife  on  a  piece  of  smooth 
marble ;  it  is  then  pasted,  folded  together,  and  left  a  few  minutes  for  the  paste 
to  soak  in ;  it  is  then  opened  out,  and  the  book  laid  on  one  half  (the  fore>edge 
being  towards  the  workman),  while  the  other  half  is  carefully  and  tightly  drawn 
over  the  back  and  uppermost  cover;   the  covers  being  then  adjusted  at  the 
head  and  foot,  and  puDed  forward,  the  edges  are  turned  down  and  the  ends 
tucked  in ;  the  comers  being  raised  are  worked  together,  and  the  part  so  raised 
cut  off,  and  the  head  and  foot  pieces  being  smoothed  down,  the  fore-edge  part 
is  folded  over  them.    The  head  of  the  book  is  then  neatly  set  with  the  ft^ding- 
stick,  pressina;  it  inwards  in  the  joint  where  the  comer  was  taken  off  the  boar£, 
and  flatting  uie  leather  over  the  top  of  the  head-bands ;  the  form  thus  given  in 
the  damp  state  is  permanently  retained  when  dry.  If  the  raised  bands,  previously 
described,  are  used,  a  piece  of  fine  cord  is  tied  round  the  book,  (the  cages  beine 
euarded  with  a  piece  of  board),  pressing  on  the  upper  and  lower  side  of  each 
band,  which  brings  the  cover  dose  upon  the  back,  and  preserves  the  distinctness 
of  the  bands.      For  half-bound  books  a  strip  of  leather  is  cut,   about  an 
inch  longer  than  the  back  of  the  book,  and  of  suflScient  width  to  lay  well  over 
the  boards ;  the  leather  comer  pieces  are  cut  of  an  oblong  quadrangular  shape. 
The  leather  being  pared,  the  comer  pieces  are  put  on   first,  and  the  back 
afterwards,  being  worked  in  the  same  manner,  ana  with  the  same  care,  as  the 
whole-bound  book.     Marble,  coloui*ed,  or  other  fancy  paper,  is  cut  of  a  proper 
size  and  form,  and  pasted  on  the  sides.     Smooth  sheep  and  calf  bindings  are 
frequently  omamented  by  marbling  or  sprinkling,  which  is  performed  by  throwing 
various  colouring  liquids  on  the  cover  while  it  is  wet  witn  water :  but  there  is 
so  great  a  variety  in  these  processes,  both  of  colours  and  pattems,  that  there  is 
not  space  for  their  enumeration  here ;  nor  are  they  of  much  importance  at  this 
time,  the  coloured  leathers  having  been  brought  to  such  perfection,  and  in  sa 
general  use,  as  to  render  the  employment  of  sprinkling,  &c.  of  more  rare 
occurrence  than  formerly.    The  forwarding  oi  the  book  is  now  completed,  and 
it  is  handed  over  to  the  finisher.    The  first  step  of  the  finisher  is  to  wash  the 
cover  of  the  book  with  paste  or  glue  water,  to  prevent  the  glaire  from  sinking 
in  and  stainine  the  cover ;  when  the  sizing  is  dry  the  cover  is  glaired.  Morocco 
and  roan  require  to  be  glaired  but  once,  sheep  twice,  and  calf  uree  times ;  thb 
done,  the  book  is  ready  for  p^ding  and  lettermg.   The  places  where  the  gUding 
is  to  be  applied,  are  then  sliehtly  greased  with  palm  or  sweet  oil,  and  covered 
with  gola  leaf.   While  lettering  and  gilding  the  back,  the  book  is  placed  in  the 
cutting-press,  with  the  head  a  little  elevated.  The  brass  letters  havingbeen  selected 
and  laid  in  their  proper  order  before  a  fire,  are  moderately  heated ;  before  using, 
they  are  tried  on  a  piece  of  waste  leather ;  when  at  the  proper  temperature, 
they  are  forcibly  impressed  upon  the  gold,  one  after  the  other,  care  being  taken  to- 
keep  them  straight,  upright,  and  at  uniform  distancea-*a  process  which  requiresv 


BOOKBINDING. 


227 


great  practical  skill.  The  whole  of  the  letters  being  worked,  the  superfluous 
gold  is  wiped  off  with  an  oiled  rag,  to  which  it  adheres,  and  when  saturated, 
the  rag  is  sold  to  the  refiner,  who  recovers  the  gold  which  it  contains.  Common 
words  of  frequent  use,  such  as  Bible,  Prayer,  Album,  &c.  &c.  are  cut  in  one 
piece,  and  worked  off  at  once,  which  greatly  facilitates  the  process  of  lettering, 
while  it  insures  a  uniformity  of  appearance  not  otherwise  attainable.  Metal 
types  are  sometimes  used  as  an  excellent  substitute  for  the  brass  letters ;  with 
the  former,  any  word  may  be  set  up  in  a  frame  and  worked  at  once,  but  it  is 
essentially  necessary  that  the  types  are  clean  and  bright ;  there  is  also  some 
difficulty  in  giving  them  the  proper  temperature ;  it  would  therefore  be  a  great 
improvement  to  have  brass  letters  cut  so  that  they  might  be  set  up  in  a  frame, 
is  the  same  manner  as  the  types.  These  would  combine  the  beauty  and  accuracy 
of  the  brass  letter,  with  the  convenience  of  the  types.  The  lettering  having 
been  completed,  the  remainder  of  the  book  is  gUt  with  appropriate  tools ;  these 
in  general  consist  of  straight  lines  or  fillets,  rolls  of  various  breadths  and  patterns, 
and  single  ornamental  devices,  all  cut  in  brass,  and  used  the  same  way  as  the 
letters.  The  tools  are  frequently  heated,  and  worked  upon  the  leather  without 
the  interposition  of  any  gold,  which  produces  a  neat  and  elegant  contrast  to  the 
gilding ;  it  is  denominated  bUndrtooling,  Whole  bound  books  are  frequently 
very  handsomely  gilt  on  the  sides  as  well  as  the  back,  frequently  by  running  a 
broad  gold  roll  round  the  edges  of  the  cover,  and  sometimes  by  means  of  comer 
and  centre  pieces,  with  or  without  lines.  The  following  in^nious  method  of 
working  these  ornaments  was  designed  by  Mr.  Bain,  of  Broad-court,  Long-acre, 
who  received  the  silver  Isis  media  and  five  pounds,  from  the  Society  of  Arts, 
for  his  invention.  The  brass  ornaments  used  for  the  covers  are  mostly  triangular 
ones  for  the  comers,  the  centre  being  formed  by  the  combination  of  the  same 
or  other  four  pieces.  In  the  ordinary  manner  of  working,  a  single  tool  is  used, 
which  requires  to  be  applied  eight  times  on  each  cover,  or  sixteen  times  in  all 
on  each  lK>ok.  This  occasions  the  loss  of  much  time ;  to  save  the  greater  part 
of  which,  Mr.  Bain  employs  four  triangular  blocks,  capable  of  being  fixed  m  a 
simple  adjustable  frame,  so  as  to  suit  any  sized  book.    The  frame  a  a  in  the 

accompuiying    engra- ^^.  g.  Figl. 

vmg,  IS  made  to  hold 

the  rods  b  b  parallel  to 

each  other,  and  allow 

them  to  be  set  at  any 

required  distance  apart 

cccc  are  the  stamps, 

which    are    perforated 

to  slide  on  the  rods  b  b 

quite  even  with  each 

other;   they  are  fixed 

at  the  proper  distances 

on  the  rods  by  small 

set  screws  at  their  back, 

which  bind  upon  the 

rods.     The  frame  a  a 

has  two  long  apertures, 

seen  in  ¥ig.  2,  to  receive 

the  rods  b  b,  which  have 

square  shoulders   and  KD 

fins  to  traverse  along, 

and  are  bound  fiist  by  the  screwed  nuts,    dd  shows  one  of  the  rods,  with  its  nut 

separate.   The  small  nuts  e  screw  on  af^er  the  stamps,  to  keep  them  from  falling 

off  the  rods  before  thev  are  adjusted.    It  will  be  seen  that  by  sliding  the  stamps 

c  along  the  rods  b,  ana  these  rods  along  the  fi-ame  a,  they  may  be  adjusted  to 

suit  any  size  and  form  of  book.  When  the  comers  are  done,  if  the  same  stamps 

are  to  be  used  for  the  centre,  thev  may  be  transposed  on  the  rods,  and  adjusted 

to  suit  the  centre,  as  shown  at//;  but  it  will  save  time,  and  do  the  work  truer, 

to  have  four  rods  b  b  and /f  to  hold  tlie  comers  and  centre  stamps  at  the  same 


^^ 
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time,  for  then  once  nutting  in  the  press  does  one  side  of  the  book,  and  all  will 
be  exactly  alike,  witnoat  much  care  on  the  part  of  the  workman.  If  the  frame 
a  a  is  made  a  little  wider  than  the  thickness  of  the  stamp  on  the  pattern  side, 
it  might  be  adjusted  to  touch  the  fore-edge  of  the  book,  which  would  keep  the 
pattern  quite  straight  and  equidistant  on  each  book.  By  this  contrivance,  not 
only  is  time  saved,  but  the  patterns  are  registered  much  more  accurately  than 
they  could  possibly  be  by  any  other  method.  When  very  large  lettering  pieces, 
ornaments,  or  coats  of  arms,  Arc.  are  to  be  gilt  upon  the  covers  of  books,  manual 
pressure  is  inadequate  to  the  working  of  them,  and  a  press  b  employed,  called 
an  arming  press.  A  veiy  perfect  machine  of  this  description  has  recently  been 
constructed  by  Messrs.  Cope  and  Sherwin,  of  London,  to  which  they  have  given 
the  name  of  we  "  Impenal  Arming  and  Embossing  Press,"  which  is  not  only 
capable  of  working  every  description  of  gilding,  but  is  also  sufficiently  powerfiil 
to  emboss  the  elegant  arabesque  covers,  at  present  so  much  employed  for 
ornamental  bookbinding.  The  largest  description  of  these  covers  are  embossed 
by  means  of  a  fly-press  of  enormous  power,  but  for  all  smaller  work  the  imperial 
press  is  amply  sumcient.  In  its  construction  it  resembles  the  improved  pnnting 
press  invented  by  the  same  parties,  but  with  the  addition  of  a  contrivance  for 
raising  or  lowering  the  bed  to  suit  the  thickness  of  the  book,  and  the  platten 
likewise  having  receptacles  for  the  heating  irons.  By  means  of  a  screw-and- 
wedge  adjustment  in  the  piston,  and  the  rising  and  falling  bed-plate,  a  considerable 
range,  with  the  power  of  very  accurate  adjustment,  is  obtained  with  great  facility. 
This  machine  is  exceedingly  simple  in  principle  and  construction,  elegant  m 
appearance,  and  effective  in  operation,  and  is  a  valuable  auxiliary  to  the  book- 
bmder.  The  book  having  been  gilded,  it  is  polished  with  a  hot  iron,  and  the 
edges,  if  coloured  or  marbled,  are  burnished  with  an  agate  burnisher:  the  book 
is  then  finished.  If  the  book  was  only  intended  to  be  put  in  boards,  or,  as  it  is 
technically  called,  hoarded,  it  is  folded,  sewed,  glued,  the  covers  cut  to  the  size 
and  put  on,  and  then  covered  with  coloured  paper,  the  edges  of  the  book 
remaining  uncut  £xtra  boardhiff  has  stouter  bbu^  than  the  former,  and  is 
finished  with  rather  more^care ;  sometimes  the  edges  are  cut,  and  the  book 
covered  with  a  neat  coloured  and  embossed  or  printed  cloth,  which  gives  a  very 
neat  appearance  at  a  cheap  rate. 

Vellum  Binding,  as  was  before  observed,  is  the  term  applied  to  the  binding 
of  every  species  of  account  book.  The  first  step  is  to  fold  and  count  the  paper 
into  sections,  which  in  foolscap  generally  consists  of  six  sheets ;  above  that 
size,  of  four  sheets,  which  are  sewed  upon  strips  of  vellum.  Small  books,  up 
to  foolscap  folio,  usually  have  three  strips ;  above  that  size  the  number  it 
increased.  Account  books  are  sewed  much  in  the  same  way  as  printed  books, 
except  that  vellum  slips  are  used  in  lieu  of  the  cords,  and  a  much  stronger  thread 
and  wax  are  employed.  After  sewing,  the  first  ruled  leaf  at  each  end  is 
pasted  to  die  waste  paper,  and  the  inarble  paper  lining  introduced ;  the  back  is 
then  glued  in  the  usual  manner.  When  the  glue  is  dry,  the  fore-edge  of  the 
book  is  cut,  and  the  back  rounded,  a  deeper  hollow  and  rounder  back  being 
formed  in  account  books  than  in  printed  ones.  The  two  ends  are  then  cut,  and 
the  edges  marbled.  The  head-bands  are  worked  on  a  slip  of  stout  boaxd,  as 
before  described,  care  being  taken  in  this  instance  to  form  a  deep  narrow,  rather 
than  a  round  band.  Strong  pieces  of  canvass  or  buckram  are  then  glued  at  the 
top  and  bottom  of  the  back,  and  between  each  of  the  vellum  slips.  A  hollow 
back  is  prepared  by  taking  a  slip  of  milled  board,  about  a  quarter  of  an  inch 
wider  than  the  back  of  the  book,  and  soaking  it  in  water ;  it  is  then  glued  on 
both  sides,  and  left  in  this  state  for  about  ten  minutes :  having  been  laid  on  a 
sheet  of  paper,  a  roller  corresponding  in  dimension  with  the  back  of  the  book 
is  placed  upon  it,  and  the  whole  worked  backward  and  forward  on  the  roller, 
which  gives  the  milled  board  a  semicircular  shape ;  it  is  then  dried  hard  before 
the  fire.  Another  method,  which  is  a  veiy  good  one,  and  frequently  adopted, 
consists  in  taking  a  roller  (an  assortment  of  Sie  most  useful  sizes  being  kept  for 
the  purpose),  and  winding  round  it  thick  paper  and  wrappers  well  pasted,  until 
the  requisite  thickness  is  obtained;  the  roll  is  then  tnoroughly  dried  and 
divided  longitudinally,  which  forms  two  good  firm  semicircular  backs.    Milled 
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boards  of  a  thickness  Droportionate  to  the  siae  of  the  book  are  then  taken,  and 
the  fly-leaf  of  the  book  being  pasted,  the  board  is  laid  on  in  its  proper  place ; 
the  same  course  is  also  pursued  with  the  other  side.  It  is  customaiy  with 
large  books  to  use  two  thm  boards  pasted  together,  instead  of  one  thick  one : 
in  this  case  the  vellum  slips  on  which  the  book  is  sewn,  are  inserted  between 
them,  which  adds  greatly  to  the  strength  of  the  binding.  After  the  boards  have 
been  squared,  the  back,  formed  in  the  manner  described  above,  exactly  fitting 
the  back  of  the  book,  is  placed  upon  it,  and  a  piece  of  canvass  being  cut  suffi- 
ciently laree  to  extend  half  the  width  of  the  back  on  one  side  of  the  book  to 
the  same  distance  on  the  other  side,  is  slued  on  the  boards  and  over  the  back, 
which  contributes  to  strengthen  the  book,  and  hold  the  hollow  back  firmly  in  its 
place.  The  back  is  sometimes  formed  of  sheet  iron,  which,  in  large  books,  is 
an  improvement :  this  kind  of  back  was  first  introduced  by  Mr.  John  Williams, 
who  took  out  a  patent  for  his  invention.  The  book  is  now  ready  for  covering : 
the  leather  for  the  cover  is  carefully  pared  all  round,  and  put  on  as  before 
described  under  the  head  of  Bookbmding.  The  covers  mostly  used  by  vellum- 
binders  are  forril  and  vellum,  white  and  coloured ;  smooth  and  rough  calf  and 
sheep ;  basil,  smooth  and  grained,  and  Russia ;  in  any  of  which  books  may  be 
either  whole  or  half-bound.  Forril  and  vellum  covers  are  lined  with  paper  and 
pressed  smooth ;  when  dry,  they  are  fitted  on  the  back,  and  creased  in  the 
joints ;  the  boards  are  then  pasted,  and  the  covers  pressed  on  them;  when  dnr, 
the  edges  of  the  cover  are  pasted  and  turned  in,  and  the  book  again  pressed ; 
the  cover  is  then  washed  with  a  sponge  and  paste-water,  and  then  ruled  ofil  If 
the  cover  is  rough  calf  or  sheep,  it  is  dressed  vdth  pumice-stone  and  a  clothes 
brush.  Smooth  calf,  basil,  &c.  are  glaired  and  polished  as  described  in  book- 
binding. Rough  calf  books  are  usually  ornamented  by  passing  a  roller  round 
the  edges  and  sides  of  the  cover,  with  sometimes  an  ornament  added ;  for  this 
purpose,  the  tools  must  be  used  nearly  red  hot  To  increase  the  strength  of 
targe  books,  they  sometimes  have,  in  addition  to  the  leather  or  vellum  cover, 
bands  of  Russia  leather,  which  ar  worked  on  with  thongs  of  vellum,  and  give 
the  book  a  very  neat  appearance.  The  lettering  of  account  books  is  precisely 
the  same  as  before  described. 

BORACIC  ACID.  An  acid  which,  combined  with  soda,  forms  borax,  or 
borate  of  soda.  As  obtained  by  the  action  of  sulphuric  add  upon  a  solution  of 
borax,  it  is  in  the  form  of  thin  irregular  hexagonal  scales,  of  a  silvery  whiteness, 
having  some  resemblance  to  spermaceti,  and  the  same  greasy  feel.  By  fusion, 
it  is  converted  into  a  hard  transparent  glass,  which  is  used  m  the  composition 
of  false  gems. 

BORAX.  A  compound  of  soda  and  boracic  acid,  and  of  considerable  use 
in  various  metallurgic  operations.  It  enters  into  the  composition  of  reducing 
fluxes,  and  is  of  the  greatest  use  in  analysis  by  the  blow-pipe.  It  is  more 
especially  used  in  solderine;  it  assists  the  fusion  of  the  soldei,  causes  it  to  flow, 
and  keeps  the  surface  of  ttie  metal  in  a  soft  clean  stote,  which  facilitates  the 
operation.  It  may  also  be  applied  with  advantage  in  glass  manufactories ;  for 
when  the  fusion  turns  out  bad,  a  small  quantity  of  borax  re-establishes  it 

BORING  BIT.  A  tool  or  instrument  used  for  making  aper.ures  in  wood, 
metal,  or  other  hard  substances.    They  are  of  various  shapes,  too  common  to 


workmen  to  need  description ;  but  one  of  a  very  peculiar  and  effective  kind, 
represented  above,  was  brought  from  (>ermany  by  Mr.Donkin,  and  is  described 
in  the  DransacUon*  of  the  Society  of  Arts,    Fig.  1  is  a  front  view  of  the  boring 
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bit;  a  a  the  cuttine  edge ;  &  6  a  thread  or  fin,  winding  roand  the  hack,  whieh 
acts  as  a  screw  to  draw  the  hit  into  the  wood.  Fig,  2  is  a  side  view  of  the  same. 
The  instniment  is  very  siniple,  enters  the  wood  rapidly,  and  forms  a  clean  hole. 
BORING  MACHINES.  A  name  usually  confined  to  machines  for  giving 
a  perfect  form  to  metallic  cylinders,  as  pump  harrels,  hlowing  machines,  &c., 
which  machines  differ  from  lathes  in  the  circumstance  of  the  tool  revolving, 
whilst  the  work  either  remains  stationary,  or  advances  in  a  right  line.  In  ul 
horing  machines,  a  long  har,  called  the  boring  bar,  passes  through  the  cylinder, 
and  revolves  in  bearing  or  supports.  To  the  boring  bar  are  fixed  a  number  of 
steel  cutters,  which,  as  they  revolve,  receive  also  a  motion  endwajrs,  and  are 
earned  through  the  whole  length  of  the  cylinder  to  be  bored.  The  boring 
machine  used  for  the  smaller  and  coarser  description  of  pump  work  is  extremely 
simple  in  its  construction.  It  consists  of  a  boring  bar,  somewhat  more  than 
douole  the  length  it  will  ever  be  required  to  bore,  and  supported  by  bearings 
distant  from  each  other  not  quite  half  its  length.  A  mortise  is  cut  throueh  the 
boring  bar,  and  the  cutters  are  firmly  fixed  m  it  by  wedges  or  keys.  Into  a 
socket  in  one  end  of  the  bar  is  keyed  a  screw  about  half  as  long  as  the  bar, 
and  its  outer  extremity  supported  in  a  nut  fixed  in  a  standard,  the  axis  of  the 
screw  and  of  the  bar  exactlv  coinciding  or  forming  a  continuous  right  line. 
The  bar  being  passed  through  the  cylinder  to. he  bored,  and  the  cylinder  being 
secured  upon  beds  so  as  to  be  concentric  with  the  bar,  the  latter  is  turned  round 
either  by  a  winch  or  a  wheel,  fitted  upon  the  end  opposite  the  screw ;  and  the 
screw  making  a  revolution  in  its  nut  for  each  revolution  of  the  bar,  advances 
the  bar  and  cutters  through  a  corresponding  space  along  the  cylinder.  For 
cylinders  of  larger  diameter,  and  requirii^  more  accuracy  in  the  boring,  a 
different  construction  becomes  necessary.  The  cutters  are  nxed  upon,  the  cir- 
cumference of  a  short  cvlinder,  termed  the  cutter-block,  througn  which  the 
boring  bar  passes;  and  either  the  two,  as  they  revolve  together,  receive  a  slow 
end  motion,  or  the  cutter  block  only  advances  whilst  the  bar  revolves,  but  remains 
stationary.  There  are  various  modes  of  advancing  the  cutters  in  either  case. 
The  foUovring  extremely  ingenious  arrangement,  in  which  the  boring  bar  and 
cutter  advances,  carrying  with  it  the  cutter  block,  is,  we  believe,  the  invention 
of  Mr.  Murray,  of  Leeds.  Upon  the  extremities  of  a  horizontal  bed  of  cast 
iron  are  fixed  two  upright  standards,  supporting  brass  hearings,  in  which  the 
boring  bar  turns.  Upon  the  cast  iron  bea  are  two  blocks,  for  supporting  the 
ends  of  the  cylinder,  with  arrangements  for  adjusting  it,  so  that  its  centre  shall 
coincide  with  the  axis  of  the  boring  bar,  and  to  these  blocks  the  cylinder  is 
firmlv  secured  by  straps  or  chains.  The  boring  bar  is  turned  perfectly  cyliiv- 
drical,  and  has  a  groove  extending  from  one  end  more  than  half  its  leneth. 
The  cutter  block,  which  is  a  disk  nearly  of  the  same  diameter  as  the  cylinder, 
and  armed  at  the  circumference  with  a  number  of  steel  cutters,  is  firmly  keyed 
upon  the  har  in  the  space  lying  between  the  standard.  Upon  the  grooved  end 
of  the  bar,  and  close  to  the  outer  face  of  the  standard,  is  the  driving  wheel,  the 
centre  of  which  is  bored  of  the  same  diameter  as  die  bar,  so  as  to  allow  the 
latter  to  slide  within  it  fireely,  but  without  shakinff,  whilst  the  wheel  is  prevented 
from  turning  without  causing  the  bar  to  revolve,by  means  of  a  steef  key,  fitting 
into  the  groove  in  the  bar,  and  into  a  similar  groove  in  the  boss  of  the  wheeC 
A  screw,  half  as  long  as  the  bar,  is  supported  at  the  outer  end  by  a  nut,  which 
is  at  liberty  to  turn  in  bearings  placed  upon  a  vertical  standard,  whilst  the  inner 
end  of  the  screw,  formed  into  a  square,  is  keyed  into  the  end  of  the  boring  bar. 
Parallel  to  the  screw  is  a  small  shaft,  having  at  one  end  firmly  fixed  a  small 
wheel  geering  into  another  small  wheel  fixed  upon  Uie  face  of  the  nut,  whilst 
another  wheel,  which  turns  with  the  shaft,  but  is  at  liberty  to  slide  along  it, 
seers  into  a  wheel  fixed  upon  that  end  of  the  bar  to  which  the  screw  is  attached. 
The  operation  of  the  machine  is  as  follows:  The  driving  wheel  turns  the 
boring  bar,  and  with  it  the  screw.  Now  if  the  nut  were  to  remain  at  rest,  the 
screw  would  advance  through  a  space  equal  to  the  rake  of  the  screw,  and  draw 
after  it  the  boring  bar ;  but  if  the  nut,  by  properly  proportioning  the  diameters 
of  the  small  wheels,  revolve  in  the  same  direction  as  the  cutter  bar,  but  with  a 
less  velocity,  then  the  cutter  bar  and  screw  will  advance  through  a  space 
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proporUoned  t«  ihe  differance  bctwMO  the  velocltiei;  w  tbat  if  the  ipeed  oT  the 
cutter  bar  exceed  th«t  of  the  rut  by  one-tenth,  the  »crew  and  cutter  bar  will 
•drance  through  only  on«-tenlh  of  the  rkke  of  the  icrew.  In  the  boring- 
maehinea  for  cylinden  of  tctj  large  diineniion*,  the  cutter  block  uiually 
adiaiicea,  whilit  tbe  boring  bar  temaini  Btationary.  In  these  maebinei  the 
boring  bar  ii  KiiDeciaie*  placed  horiioQtally,  but  vb  think  a  vertical  p<«itMn 
preferable,  se  the  weiffbt  of  a  long  horiwjnla]  bar  occationi  a  tendency  to  nnk 
m  the  middle ;  alw  when  the  bar  ii  vertical  the  cylinder  U  more  eaiily  fixed, 
and  the  boringt,  instead  of  clogging  the  cutten,  fall  upon  the  ba*e  plate.  Tb« 
annexed  engravitiE  repreienla  a  vertical  boring  machine  of  a  new  and  improved 
eonatraction,  whi^  was  erected  in  an  extenrive  en^eering  establiahment,  and 
of  wliich  we  b?!iove  no  deeciiptionhasyi:t  appiMicd  in  print.    Vpun  a  foundation 


plate  a  are  bolted  three  (tandardi,  of  which  onljr  two  6  e  are  ihown,  the  third 
being  removed  to  ihow  the  boring  bar.  Theie  standards  support  the  top  plate 
d,  fomed  of  three  radiating  arms ;  ■  Is  a  steadying  bridge,  wMch  may  be  set  at 
injr  height,  by  means  of  screws  passing  through  the  mortises  in  the  standards, 
ftnd  aecvred  at  the  back  by  nnti ;  /  is  the  bed  to  which  the  work  it  bolted,  for 
which  purpose  it  hai  a  Dnmber  of  mortises  radiating  from  the  centre;  it  is 
•oppMted  by  brackets  gg  projecting  from  the  standard;  A  is  the  boringi  turning 
in  DoUars  in  the  top  plate  d  and  in  the  bridge  e,  and  supported  by  the  step  ■  ; 
i  the  cutter-block,  which  is  a  stiff  wheel,  bored  out  accuratelv  to  receive  tbe 
hcmae  bar,  so  as  to  alide  n^on  it  easily,  yet  without  any  snake.  On  the 
periphery  of  the  block  are  eight  notches,  in  which  the  culten  are  fixed  by 
wedge* ;  t  a  bevelled  wheel,  and  m  a  pinion  by  which  a  rotatory  motion  is 
^■cn  to  the  boring  bar  and  cutter  block,  the  latter  being  made  to  advance  along 
Oie  former  by  tbe  fidlowing  means ;  Upon  Uie  t(^  plate  d'uA  small  triangular 
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frame  n,  to  which  is  holted  the  bevelled  wheel  o,  in  which  another  wheel  p 
geers.  p  revolves  in  bearings  fixed  upon  the  head  of  the  boring  bar,  and  has 
upon  its  axis  an  endless  screw  driving  the  worm-wheel  q,  which  is  fixed 
upon  a  long  screw  r,  lying  in  a  mortise  cut  in  one  side  of  the  boring  bar. 
Tnis  screw  turns  in  collars  s  and  t,  and  works  in  a  nut  fitting  into  the  mortise 
in  the  borine  bar,  and  attached  to  the  cutter  block  at  v;  the  bevelled  wheel 
p  is  10  inches  in  diameter,  and  the  wheel  o  16  inches  ;  therefore  in  ten 
revolutions  of  the  boring  bar,  the  wheel  p  will  perform  sixteen  revolutions  on 
its  axis,  and  at  each  revolution  the  endless  screw  upon  its  axis  will  move  the 
worm  wheel  q  one  tooth  forward ;  and  as  the  worm  wheel  has  sixteen  teeth,  in 
ten  revolutions  of  the  boring  bar  the  screw  r,  to  which  the  worm  wheel  is 
attached,  will  make  one  turn,  and  will  advance  the  cutter  block  through  a  space 
equal  to  the  space  between  the  threads  of  the  screw.  «  is  a  strong  spindle 
screwed  into  the  frame  n,  and  formed  with  a  conical  point,  which  is  received 
into  a  conical  steel  bush  in  the  centre  of  the  head  of  the  boring  bar,  and  prevents 
the  bar  from  rising. 

Boring  the  Earth  por  Water.  An  economical  process  has  been  practised 
of  late  yean  for  obtaining  water  from  gpreat  depths,  without  the  expense  of 
sinking  a  well.  This  process  consists  simply  in  boring  the  earth  with  an  auger 
and  other  proper  instruments,  to  a  considerable  depth ;  and  in  most  situations 
water  will  flow  either  to  the  surface,  or  to  within  a  short  distance  from  it ;  in 
some  places  it  has  been  known  to  spout  to  a  considerable  height  above  it  It 
has  long  been  a  question  whence  these  springs  derive  their  supply,  and  how 
ihey  acquire  the  power  of  ascension.  The  most  natural  supposition  is,  that 
they  are  connected  by  subterraneous  channels  with  some  elevated  reservoir; 
but  this  explanation  is  not  altogether  free  from  difficulty.  These  "Artesian  wells," 
as  they  are  termed,  are  to  be  met  with  in  the  middle  of  extensive  plains,  at  a 
great  distance  from  any  hills,  and  upon  the  sides  of  mountains,  which  require 
to  be  bored  to  a  great  depth  before  the  water  is  attained.  At  Mount  Rouge,  at 
Paris,  80  feet  above  the  level  of  the  Seine,  there  is  one  of  these  wells  315  feet 
deep.  If)  therefore,  these  wells  be  supplied  from  an  elevated  reservoir,  it  must 
lie  at  a  very  considerable  distance  fi*om  the  wells.  The  implements  made  use  of  in 
the  process  are  extremely  simple,  and  are  represented  in  the  engravine  on  the 
following  page.  A  is  the  cross  handle  of  the  borer,  for  two  men  to  work ;  B  the  chisel 
borer,  which  is  made  to  screw  into  A ;  C  the  auger,  which  also  screws  into  A;  D  a 
lengthening  rod,  having  at  one  end  an  external  screw  fitting  the  screw  of  A, 
and  at  the  other  end  a  nollow  screw  like  that  in  A,  so  that  2X  the  instruments 
which  fit  into  A  may,  as  occasion  requires,  be  screwed  into  the  lengthening 
piece  D.  A  great  number  of  these  lengthening  rods  are  kept  in  readiness, 
which  can  be  screwed  one  into  the  other,  so  as  to  descend  to  the  depth  of 
several  hundred  feet  £  a  forked  iron,  used  to  lay  across  tha  hole  to  support 
the  rods  at  the  joints,  while  the  pieces  are  beinp;  screwed  and  unscrewed ;  r  a 
spanner,  used  to  screw  on-  and  unscrew  the  various  tools  and  lengths  of  rods ; 
O  a  clearing  chisel,  with  a  probe  or  piercer  attached  to  guide  it ;  H  a  sprine 
bar,  used  to  produce  a  vibrating  up-and-down  motion  to  the  chisel,  when  used 
to  peck  away  hard  or  rocky  ground ;  I  iron  chain  to  connect  the  cross  handle 
of  the  tools  to  the  spring  bar ;  J  two  men  at  work,  boring  with  the  chisel ;  K 
the  lower  pulley  of  a  pair  of  blocks,  suspended  to  a  pair  of  shears  or  a  triangle 
above;  L  the  shears  or  compasses;  M  winch  or  crane,  to  work  the  blocks 
when  great  weights  are  to  be  raised;  O  three  lengths  of  rods,  and  the  chisel  in 
the  act  of  boring, — ^perforation  about  42  feet  As  a  preparatory  measure,  a 
laree  hole  is  umaUy  dug  to  the  depth  of  seven  or  eight  feet ;  at  tne  bottom  of 
which  a  floor  is  formed,  by  means  of  some  planks,  for  the  men  to  stand  on  and 
pace  round  whilst  using  the  instruments.  If  the  earth  is  very  soft,  the  only 
tool  requisite  is  the  auger  C  of  three  or  four  inches  diameter,  which  is  screwed 
into  the  cross  handle  A,  and  the  perforation  is  easily  efiected  by  the  mere 
turning  of  it  round  by  two  men,  as  shewn  in  the  drawing.  When  the  auger 
has  penetrated  to  neany  the  depth  of  the  tube,  it  is  withdrawn,  and  cleared  of 
its  contents.  It  is  then  let  down  again,  and  the  perforation  is  in  this  manner 
continued  to  the  whole  length  of  the  instrument    To  proceed  to  a  greater 
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le  lengthening  tod«,  before  described,  ore  put  in  requintion.   The  tuufer 
ed  from  the  handle  by  untcrewine  it ;  a  piece  of  rod  D  is  icrewea  in 
its  place,  and  the  au^er  lerewed  on  to  Uie  rod.     With  tha  iDitrument  thui 


lengthened  (even  or  eight  feet,  the  boring  it  renewed  by  meani  of  the  auger,  aa 
long  •■  the  earth  is  found  to  be  lufficiently  soft  and  yielding.  Whenever  it  proret 
otiierwtse,  or  bard  and  rocky,  the  auger  ii  detached  from  the  rod,  and  the 
ehiael  B,  which  u  from  three  to  four  inches  in  diameter  at  iu  edgei,  ii  tcrewed 
m  in  ita  place.     If  the  ground  ie  not  very  hard,  the  boring  may  be  continued 


Wtbe  chiiel,  by  the  iTorkmen  pressing  upon  it  aa  they  turn  it  round;  batwhoi 
tne  earth  it  too  hard  to  be  operated  upon  by  a  chieel  in  this  way,  reconrae  ii 
had  to  peeimg,  which  isdnne  by  lifting  up  the  instrument,  and  striking  it  against 
the  opposing  substance  till  it  is  chipped  away,  or  reduced  to  powder  to  a  certain 
depth.  The  rod  and  chisel  are  then  a^ain  drawn  up,  and  the  auger  aubstituted 
for  the  chisel,  for  the  purpose  of  extracting  the  pulverised  stony  matter  eontiined 
in  the  hole.  The  chisel  and  auger  are  thus  employed  alternately  where  tha 
ground  ia  hard  and  stony,  the  one  for  chipping  away  or  pulverizmg,  and  the 
ether  for  clearing  out    As  the  perforation  deepens,  the  process  of  pecking 
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becomei  verv  laborious;  recourte  is  therefore  liad  to  the  fpriag  bar  H,  which  k 
a  strong  pole  placed  horizontally  over  the  well,  at  the  height  of  three  or  four 
feet  from  the  ground,  with  one  end  inserted  into  a  post  or  other  stronghold. 
The  chain  I  is  attached  to  this  bar,-  and  the  borer  is  suspended  by  the  handle 
to  the  hook  of  the  chain  which  supports  its  weight;  a  slight  vertical  motion  is 
then  given  to  the  bar  by  the  workmen,  which  causes  the  chisel  to  peck  away 
with  great  rapidity,  aa  the  weight  of  the  implements  becomes  too  creat  to  be 
drawn  up  by  hand,  when  the  boring  has  i^roceeded  to  a  great  depth,  the 
mechanical  aid  of  a  pair  of  pulley  blocks  K  is  used  for  the  purpose,  wnidi  are 
usually  suspended  from  a  triangle  or  a  pair  of  shears  fixed  over  the  hole.  The 
higher  these  shears  are  the  better,  so  as  to  enable  the  workmen  to  raise  a  great 
length  of  rod,  without  unscrewing  at  eaph  joint  of  the  rod.  In  the  manner 
described  the  boring  proceeds,  changing  the  tools  from  time  to  time  for  such  aa 
may  be  best  suited  to  cut  through  the  various  strata,  whether  of  a  soft,  indurated* 
or  stony  texture,  until  the  main  spring  is  arrived  at,  when  the  water  flows  up 
the  newly-formed  tube  to  the  height  of  the  distant  spring  from  which  it  is 
derived.  If  that  be  at  a  greater  altitude  than  the  sunace  of  the  earth  bored, 
the  water  rises  above  the  ground,  producing  a  perpetual  fountain ;  on  the  con- 
trary, if  it  be  below  the  smface,  a  well  must  be  sunk  of  some  capacity,  down 
lower  than  the  level  of  the  sprine ;  into  this  well  the  water  flows  and  forms  a 
reservoir,  and  may  be  raised  to  the  surface  by  means  of  a  pump.  The  earth  is 
sometimes  bored  by  the  before-mentioned  simple  apparatus  to  the  depth  of  two, 
three,  or  four  hundred  feet,  either  for  the  purpose  of  obtaining  water,  or  to 
ascertain  the  presence  of  minerals.  To  carry  on  the  operation  at  these  great 
depths,  a  corresponding  increase  of  power  is  required,  which  is  obtained  in  a 
varie^  of  wavs.  When  the  hole  is  bored,  a  pipe  of  cast  iron  or  other  metal  is 
forced  down  it,  to  prevent  its  being  filled  up  again  by  the  falling  in  of  the 
surrounding  earth,  and  likewise  to  keep  out  the  impure  land  springs  which 
might  taint  the  water.  Although  the  process  conducted  as  above  described  is 
extremely  simple,  it  is  very  tedious  ana  laborious,  owing  to  its  being  necessary 
to  withdraw  and  unscrew  the  whole  of  the  rods  each  time  the  earth  requires  to 
be  removed  from  the  boring  tool,  and  to  screw  them  together  again  upon 
returning  the  borer.  To  ohviate  tliese  inconveniences  the  e£tor  has  suggested 
a  method  by  which  the  operation  mav  be  carried  forward  at  ^at  depths, 
and  the  earth  extracted  without  withmwing  the  rods,  by  which  also  frill 
three-fourths  of  the  time  and  labour  may  be  saved.  The  means  by  which  it  is 
proposed  to  effect  this  desirable  object  are  as  follows :  An  auger  is  to  be  made 
with  a  spiral  worm  winding  round  a  cylinder  which  forms  its  centre.  The 
cylindrical  part  is  not  to  be  solid,  but  perforated  throughout  its  whole  lengtii  by 
a  square  hole  of  two  or  more  inches  diameter,  for  Sie  purpose  of  receiving 
within  it  an  iron  bar  of  the  same  figure  and  admeasurement.  The  bar  will 
thus  serve  the  double  purpose  of  a  spindle  or  shaft  to  work  the  auger  or  cause 
it  to  bore,  and  of  a  slide  upon  which  the  auger  may  be  drawn  up  with  facility 
to  the  surface  from  very  great  depths  in  a  few  seconds  of  time,  its  contents  be 
discharged,  and  the  auger  be  let  down  again  as  ouickly,  to  proceed  in  the  perfora- 
tion of  a  fresh  portion  of  earth.  That  a  part  of  the  contents  of  the  spiral  auger 
may  not  fall  out  when  being  drawn  up,  the  worm  or  thread  is  not  to  be  left  open, 
but  is  to  have  a  perpendicular  border,  raised  upwards  at  rieht  angles  to  the 
plane  of  the  thread ;  the  aperture  between  the  upper  edge  oi  this  Border  and 
the  next  thread  is  left  open  for  clearing  out  Uie  auger  with  facility.  The 
construction  will  be  easily  understood  by  referring  to  the  engraving,  in  which 
P  represents  the  exterior  of  the  spiral  worm  or  auger ;  Q  the  square  iron  bar 
passing  through  the  square  tube  of  the  auger ;  R  chains  to  draw  up  the  spiral 
worm  along  the  bar ;  S  top  plate,  to  which  the  chains  are  attachea ;  T  upper 
view  of  the  plate,  showing  tne  square  hole  through  which  the  bar  passes ;  U 
angular  point  of  the  square  bar ;  V  V  cutting  edges  of  the  auger ;  W  under 
side  view  of  the  bottom  cutting  parts  of  the  auger.  Various  kinds  of  tools  may 
be  attached  to  the  bottom  of  Uus  auger  so  as  to  peck,  &c 

BOTTLE.    A  vessel  with  a  narrow  mouth  or  aperture,  used  to  contain 
liquids ;   and  usually  composed  of  glass  or  earthen  ware.     Under  ihese  two 
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hudi  it31  be  found  m  de«cription  of  the  proMsa  of  munifkoturing  tliem ;  we 
■hiU,  therefore,  in  Ihi*  place,  briefly  notice  Hme  inveDtioni  connected  with 
them,  and  wbicb  we  could  not  introduce  under  Kparate  heade. 

Tbe  fint  ii  Mutermsn'e  pfttent  appBratua  for  bottling  wine  or  beer,  which,  u 
lUIully  petfbnned,  is  k  tedious  and  waateful  proceu;  but  b;  the  apparatui 
which  we  are  about  to  deacribe,  the  bottle*  may  be  filled  uniformly  to  a  preciw 
punt,  ai  £ut  ai  they  can  be  changed,  widioot  the  necewity  of  any  ezammation 
on  the  part  of  the  workman.    In  the  annexed  eognving,  a  ii  the  caek  con- 


taining the  liquid  to  be  bottled ;  this  cask  miiat  be  doted  perfectly  air  tight ;  b  a 
cock,  naHng  a  noxile  about  4  or  S  inches  in  length,  and  □i'^  a  bore  greater 
than  the  area  of  the  whole  of  the  eyphoni,  (hereafUr  mentioned;)  e  a  troueh 
dxHit  14  inche*  long,  6  inches  wide,  and  4  inches  deep, — It  is  attached  to  the 
ftame  d  d  ia  such  a  manner  that  its  distance  from  the  foot  thereof  may  be 
increased  ordimiihed  at  pleasure;  e  e  e  e  are  four  metal  nrphons,  having^acli 
a  leg  of  nearly  equal  length ;  one  leg  of  each  is  fixed  to  the  inside  of  the  front 
of  the  trotigh,  the  other  leg  is  outiide  of  the  trough  about  3  inches  from  the 
fimt  of  it;  J^'is  a  trough  to  catch  the  liquid  which  majbe  ipilt whilst  changing 
the  bottle* ;  it  can  be  slided  up  and  down  the  frame,  and  has  a  rail  g  for  the 
bottle*  to  stand  on  while  filling;  A  h  represent*  what  the  ^teutee  terms  an  nir 
tube;  the  croas  piece  i  i*  of  solid  brass,  bored  only  so  hjgh  a*  to  pass  the  end 
of  the  tube  soldered  into  it  The  horizontal  part  of  the  tube  is  made  of  pure 
tin,  on  account  of  its  flexibility ;  it  i*  connected  to  the  vertical  part  by  a  union 
joint  at  Ir;  I  is  an  iron  brace  placed  across  the  trough,  to  retain  the  air  tube  firmly 
mils  proper  situation.  The  mode  of  using  the  machine  is  as  follow*;  the  trough 
e  is  fixed  fo  bieh  b  its  frame,  that  tbe  bottom  comes  within  an  inch  of  tbe  orifice 
of  the  cock,  and  the  air  tube  is  fixed  in  the  brace,  so  that  its  lower  orifice  maybe  at 


through  the  bung  of  the  caik,  or  through  a  hole  made  for  the  purpose  in  the  cask 
abore  die  mrface  of  the  liquid  therein.    Upon  opening  the  cock,  the  liquid  flow* 
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into  the  troueh  until  it  riset  to  high  ai  to  close  the  orifice  of  the  air  tube,  when  the 
air  no  longer  baying  admission  to  the  cask,  the  liquor  ceases  to  flow.  The  syphons 
are  then  put  in  action  by  exhausting  the  air  out  of  them  successively  by  the 
mouth  applied  to  a  bent  tubC}  one  end  of  which  b  placed  against  the  syphon  so 
as  to  form  an  air  tight  tube  within  It  The  outer  end  of  each  syphon,  as  it  is 
brought  into  action,  is  inserted  in  the  neck  of  a  bottle,  and  the  point  to  which 
the  bottles  are  to  be  filled  is  brought  to  a  level  with  the  orifice  of  the  air  tube, 
the  rail  g  being  a^usted  so  as  to  retain  the  bottles  at  this  elevation.  As  the 
bottles  fill,  the  surface  of  the  liquid  in  the  trough  sinks  until  it  descends  below 
the  orifice  of  the  air  tube,  when  the  air  rushes  into  the  cask,  and  the  liquid 
recommehces  flowing ;  and  thus  by  this  alternate  action,  the  liquid  in  the  trough 
is  always  preserved  nearly  on  a  level  with  the  orifice  of  the  air  tube.  As  each 
bottle  fills,  it  is  withdrawn  quickly  from  the  syphon  and  replaced  by  an  empty 
one ;  but  if  the  bottles  are  suffered  to  remain,  they  will  never  fill  higher  Uian 
the  level  of  the  orifice  of  the  air  tube,  which  it  has  been  shown  is  the  level  to 
which  the  liquid  in  the  trough  is  confined.  Another  method  of  maintaining  the 
liquid  in  the  trough  at  always  the  same  level  is  described  in  the  specification, 
which  we  think  is  upon  the  whole  preferable  to  that  described  above.  It  con- 
sists in  substituting  for  the  air  tube  a  species  of  valve,  adapted  to  the  lower 
orifice  of  the  cock,  and  regulated  bv  a  float  on  the  surface  of  the  liquid  in  the 
trough,  so  that  as  the  liouid  rises  m  the  trough,  the  float  also  rises,  and  causes 
the  valve  to  shut  when  tne  surface  of  the  liquid  has  attained  its  proper  level ; 
and  as  the  level  sinks  the  float  also  sinks  and  opens  the  valve,  causmg  the  liquid 
to  flow  again.  When  the  float  and  valve  are  substituted  for  the  aur  tube  the 
cask  must  have  vent. 

A  most  useful  appendage  to  the  foregoing  apparatus,  is  the  patent  machine 
for  corking  bottles,  mvented  by  Mr.  J.  Masterman,  by  the  use  of  which  all  risk 
of  breaking  the  bottles  is  avoided ;  the  necessity  of  biting  the  corks,  (a  practice 
highly  injurious  to  the  health  of  the  workmen,)  is  done  away  with,  the  bottles  are 
corked  in  a  very  superior  manner,  and  the  whole  operation  conducted  with 
cleanliness,  economy,  and  unprecedented  dispatch.    Tne  following  is  a  descrip- 
tion of  the  machine,  (with  reference  to  the  annexed  engraving,)  and  of  the  man- 
ner in  which  it  is  worked  \  aaaa  represents  the  firame,  h  b  two  vertical  guide 
rods,  connected  at  top  by  the  bridging  piece  c;  da  cross  head  sliding  upon  the 
upper  ends  of  the  guide  rods,  and  connected  by  the  side  rod  kk,  to  the  levers  g  g^ 
which  are  united  at  the  handle  A,  and  which  have  their  fulcrum  at  t.     In  the 
cross  head  d  are  secured  by  nuts  on  its  upper  face  three  cylindrical*  metal 
bolts,  termed  by  the  patentee  "  impellers ;"  /  is  a  cross  piece  of  wood  firmly 
fixed  to  the  g^ide  rods,  at  such  distauce  from  ueir  tops,  as  that  when  d  is  raised 
close  to  the  bridging  piece  c,  tliere  may  be  a  space  between  the  bottom  of  the 
impellers,  and  the  top  of/,  at  least  equal  to  the  length  of  a  cork.    In/  are  fitted 
three  conical  metal   tubes,   immediately  beneath,  and  concentric   with,   the 
impellers.    These  tubes  have  their  mouths  larger,  and  their  lower  apertures 
smaller  than  the  corks,  and  are  of  three  different  sizes,  which  is  sufficient  to 
meet  the  variations  in  the  size  of  the  bottles,  whether  for  wine  or  beer ;  /  is  ji 
treadle  which,  by  means  of  the  iron  rod  m  fixed  to  its  axis,  raises  and  depresses 
the  wedge  n  ;  this  wedge  slides  on  a  cross  piece  of  wood,  (firmly  fixed  to  each 
side  of  tne  frame  a,)  in  such  a  manner  that  the  upper  surface  of  the  wedge  is 
always  preserved  in  a  horizontal  position ;  a  loop  of  iron  is  fixed  below  its 
thicker  end,  and  in  it  the  upper  end  of  the  bar  m  works.    To  use  the  machine, 
the  workman  seats  himself  beside  it  with  his  right  foot  on  the  treadle;  he  then 
places  a  bottle  so  that  its  mouth  is  under,  and  in  contact  with,  that  tube  which 
IS  of  the  proper  size  for  introducing  the  cork  into  it,  and  retains  the  bottle  in 
that  position  by,  raising  the  wedge  against  its  bottom  by  means  of  his  foot 
acting  on  the  treadle ;  then  raising  the  impellers  by  means  of  the  lever,  he  puts 
a  proper  sized  cork  into  that  tube  which  is  in  contact  with  the  mouth  of  the 
bottle,  he  depresses  the  lever,  by  which  action  the  cork  is  forced  by  the  impeller 
into  the  neck  of  the  bottle ;  then  lowering  the  wedge  by  the  pressure  of  his 
foot  on  the  treadle,  he  removes  the  bottle,  which  completes  the  operation.    This 
we  think  is  a  most  meritorious  invention,  and  one  deserving  of  general  adop- 
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ticMi.    Tbt  ptttait  itatet,  that  "  more  than  half  the  tima  h  laved,  owing 

Ciucipalty  to  the  compreuioii  of  the  cork,  and  the  impelling  it  into  the  bottle 
ing  efiected  at  one  opcTation  or  motion  of  the  lever.  Twelve  bottlei  have 
been  corked  in  one  minute  by  way  of  experiment,  and  thirty  dozen  in  an  hour; 
but  one  workman  could  cork  with  ea«e  at  the  nte  of  five  and  twenty  doien  per 


hotu  throughotit  the  day.  The  bottlet  alio  are  better  corked,  partly  owing  to 
the  corks  being  compretud  and  compacted,  inatead  of  being  crushed  or  broken, 
aiin  the  common  methods;  end  partly  from  the  corks,  at  the  moment  of  entering 
the  bottle,  being  lubjected  to  a  preaaure  both  on  their  top*  and  aidea,  which 
GBUiei  them  to  become  firmer  and  cloter  in  the  bottlei,  than  when  driven  in 
after  being  cniahed  by  any  of  the  common  methodi. 

A  patent  haa  been  obtained  by  Mr.  H.  Berry  for  forming  bottle  riopnera  of 
India  rubber  with  the  view  of  preventing  the  eacape  of  volatile  and  other 
fluid*,  which  cannot  be  well  rrtalned  by  the  usual  means  of  atoppiog.  To  eltect 
thia  object  aereral  method*  are  deicribed  by  ihe  patentee  in  hit  apecification ; 
that  wbich  ia  ahewn  in  the  engraving  repreienti  the  gection  of  an  ink  bottle  tot 
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Ibe  pockcL  a  it  the  glaM  battle  iritb  tb«  «xtr»- 
inlty  of  the  neck  ground  to  an  angnUr  edge,  when 
it  a  brought  into  contact  with  a  diic  or  Button  of 
caoulchoc  b  fixed  into  the  top  of  the  exterior  caw, 
which  is  of  hard  wood ;  the  top  being  acrewed 
down  a>  ihewn  in  the  figure,  liie  glau  e^e«  of  the 
bottle  are  forced  into  the  elaatic  lubatance,  ao  ai  to 
form  a  dose  and  perfectly  aii^tight  itopper.  For 
Tolatile  ■alia,  the  patentee  uiea  the  ordinary  glaai 
■toppers,  and  appbes  a  collar  of  caoutchoc  under 
a  projecting  flange  of  the  atopper,  which  preaaes 
upon  the  upper  nirface  of  the  neck. 

BRAKE.  In  Mechanic!,  a  contrivance  for 
retarding  or  aireating  machinery  in  motion,  by 
meana  of  friction.  It  generally  conaisti  of  B  aini- 
pte  or  compound  lever,  preasing  forcibly  upon  the 
periphery  of  a  hroad  wheel  fixed  upon  one  of  the 
•halts  or  axei  of  the  machine. 

BRAN.     The   inner  bulk   or   akin   of  wbeat. 


rbicb  ia  aeparated  from  the  flour  by  the  buulting  machme      It  la  employed  in 
'  manufacture  of  March,  and  alao  hy  dyen  in  making  what  they  call  tha 
a  water  with  which  they  prepare  their  several  dvea 
-nn.v,!-.!.      -..  J  liquor  obtained  by  diitillation  of  wine,  and 


thi 

BRANDY.      The  apintiou       , 
which,  by  further  concentration,  may  he  converted  into  alcohol       The  bett 
brand;  is  made  in  France ;  that  made  in  Spam  and  Portugal  ii  diitmgiuabed 
by  an  acrid  and  disagreeaUe  taste. 

BRASS.  An  elegant  yellow-coloured  compound  metal,  conaiaLng  of  copper 
eomhined  with  about  one-third  of  ita  weight  of  zinc  The  beat  hrasa  u  made 
by  cementation  of  the  ore  of  line  with  granulated  copper    See  Allot. 

BRAZIL  WOOD.  A  red-coloured  wood,  chiefly  used  in  the  proceis  of 
dyeing.  The  tree  that  afiordi  it  is  the  growth  of  the  Brazils,  in  South  America. 
The  wood  ia  capable  of  a  good  poliali,  and  ia  so  hard  that  it  ainka  in  water  Ite 
colour  is  pale  when  newly  cut,  but  it  becomes  deeper  by  exposure  to  the  air. 
The  varioua  apecimena  diuer  in  the  intensity  of  their  colour,  but  the  heavieat  ii 
reckoned  the  moat  valuable.  It  hat  a  aneetish  taste  when  cbewed,  and  is 
distinguished  from  red  senders  or  sandal,  by  ite  property  of  giving  out  its 
colour  to  water,  wbicb  this  last  does  not.  If  the  Biaxil  wood  be  boiled  in 
water  for  a  tuflicient  time,  it  will  communicate  a  fine  red  colour  to  that  fluid. 
The  residue  is  very  dark  coloured,  and  gives  out  a  considerable  portion  of 
colouring  matter  to  a  solution  of  alkali.  Alcobsl  extracts  the  colour  from 
Brazil  wood,  at  does  likewise  the  volatile  alkali ;  and  both  these  are  deeper 
than  the  aqueous  tolution.  The  apirituotu  tincture  stains  warm  marble  oi  « 
deepishred.  Inclining  to  purple,  which  on  a  greater  heat  becomes  violet;  and  If 
the  stained  marble  be  covered  with  wax,  and  conaiderably  heated,  it  changes 
through  all  the  shades  of  brown,  and  at  hut  becomes  fixed  of  a  chocolate 
colour.  The  colours  imparted  to  cloth  by  Brazil  wood  are  of  little  permanenoe. 
A  very  minute  portion  of  alkali,  or  even  soap,  darkens  it  into  purple.  Hence 
paper  ttained  with  it  may  be  used  as  a  test  of  saturation  with  the  aaiti.  Alum 
added  to  the  decoction  of  this  wood  occasions  a  fine  crimson  red  precipitate  or 
lake,  which  is  increaaed  in  quantity  by  the  addition  of  alkali  to  the  liquor.  The 
crimaon  red  colour  it  alto  precipitated  by  muriate  of  tin,  but  it  it  darkened  by 
Ibe  salts  of  iron.  Acids  change  it  to  yellow,  from  which,  however,  aoluUon  ra 
tin  restores  it  to  its  natural  hue.  A  strong  decoction  of  Brazil  wood,  with  at 
much  alum  as  it  can  dissolve,  and  a  little  gum,  forma  a  good  red  ink ;  some 
manufactureraaddcocbineal  to  give  the  colour  more  permanence  and  brilliancy: 
good  red  ink  may,  however,  be  made  without  this  addition. 

BREAD.  Various  preparations  of  farinaceous  substances  hear  this  denomi- 
nation; hut  those  which  aie  chiefly  used  in  this  country  may  be  distinguished 
into  three  principal  kinds.  In  the  first,  called  mUaetntd  oread,  either  flour 
and  water  alone  are  mixed,  or  with  the  addition  of  some  other  substance,  such 
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as  butter,  eggs,  sugari  and  afterwards  baked,  by  wbich  the  mass  is  tedneed  into 
a  solid  state,  sometimes  flakey,  but  never  cellular  or  spongy.  Biscuit,  or  sea- 
bread,  is  of  the  unleavened  kind,  for  the  process  of  maldng  which  see  Biscuit. 
In  the  second  kind  of  bread,  called  leavened  breadf  the  flour  and  water  being 
mixed  together,  is  either  left  for  some  hours  in  a  thin  and  almost  liquid  state 
to  ferment,  that,  the  saccharine  matter  contained  in  the  flour  may  be  spontaneously 
changed  into  alcohol  and  carbonic  acid  gas,  which  expand  bv  the  heat  of  the 
oven,  and  render  the  bread  vesicular  or  spongy.  Although  this  intestine  change 
will  take  place  naturally  at  the  temperature  employed  in  the  vinous  fermentation, 
it  is  usual  to  add  certain  substances,  termed  fermenUf  of  which  the  barm  of 
beer,  or  yeast,  is  preferred,  where  it  can  be  obtained.  These  accelerate  the 
fermentation  of  the  dough,  and  cause  it  to  take  place  simultaneously  throughout 
the  whole  mass  of  dou^.  In  the  Uiird  kind  of  bread,  a  vesicular  appearance 
is  given  to  it  by  the  addition  to  the  dough  of  some  ammoniacal  salt,  (usually 
the  sub-carbonate,)  which  becomes  whoUv  converted  into  a  gaseous  substance 
during  the  process  of  baking,  causing  the  dough  to  swell  out  into  little  air 
vesseu,  which  finally  bursting,  allow  the  gas  to  escape,  and  leave  the  bread 
exceedingly  porous.  Mr.  Accum,  in  his  Treatue  on  Culinary  Poitonff  has 
stigmatized  tnis  process  as  "fraudulent,"  but,  in  our  opinion,  most  unjustly. 
The  bakers  would  never  adopt  it  but  from  necessihr :  when  good  yeast  cannot 
be  procured,  it  forms  an  admirable  and  perfectly  harmless  substitute ;  costing 
the  baker  more,  it  diminishes  his  profit,  while  the  consumer  is  benefited  by  the 
bread  retaining  the  solid  matter,  which  by  the  process  of  fermentation  is 
dissipated  in  Uie  form  of  alcohol  and  carbonic  acid  gas.  To  persons  un- 
acquainted with  the  nature  of  the  flou^  of  wheat,  it  is  necessary  to  state  that  it 
is  composed  of  three  distinct  substances,  which  are  easily  separable  by  art : 
first,  a  mucilaginous  saccharine  matter,  soluble  in  cold  water ;  much  starch, 
which  will  scarcely  combine  with  water  without  the  aid  of  heat ;  and  an  elastic 
adhesive  grey  substance,  called  gluten,  which  is  insoluble  in  cold  water,  alcohol, 
oil,  or  ether,  and  resembles  an  animal  substance  in  many  of  its  properties.  To 
the  gluten  in  wheat  flour  is  supposed  to  be  owing  its  property  of  making  so 
tenacious  a  paste,  and  its  peculiar  facility  of  rising  or  expanding  by  the  addition 
of  leaven.  From  the  flour  of  barley,  rye,  oats,  or  potatoes,  no  gluten  has  been 
extracted,  probably  from  their  containing  too  small  a  quantity ;  and  as  these 
substances  are  very  difficult  of  fermentation  by  any  of  the  ordinary  processes, 
it  has  been  supposed  that  the  presence  of  gluten  is  the  cause  of  fermentation. 
It  is,  however,  more  reasonable  to  suppose  that  the  tenacious  dough  formed  by 
the  admixture  of  gluten  prevents  the  escape  of  the  gaseous  products  of  the 
fermentation,  and  that  theses,  by  their  expansion,  swell  the  dough  into  a 
vesicular  mass,  producing  what  is  technically  called  light  bread.  M.  Beccari, 
of  Bologna,  and  Dr.  CulTen,  inform  us  that  by  the  admtion  of  gluten  to  barley 
and  potatoes,  the^  produced  better  bread  firom  each  than  could  be  obtained 
without  this  addition.  Parmentier  asserts  that  bread  may  be  made  from 
potatoes  alone ;  but  Mr.  Edlin  and  Dr.  Pearson,  two  very  enlightened  experi- 
mentalists, state  decidedly  tliat  this  root  cannot  be  fermented  so  as  to  make 
bread,  without  the  addition  of  wheaten  flour ;  and  that  no  farinaceous  substance 
can  be  made  into  good  bread  that  has  not  the  three  constituent  parts  of  wheat 
beforennentioned:  for  if  to  the  starch  of  potatoes  some  of  this  glutinous 
substance  be  added,  with  yeast  and  water,  it  will  not  form  a  bread,  owing  to 
the  absence  of  the  saccharine  or  sugary  extract  on  which  the  process  of  fermen- 
tation depends,  and  which,  if  this  last  substance  be  added,  even  in  a  concentrated 
state,  will  immediately  commence.  Although  we  have  no  knowledge  of  Par^ 
mentier*s  process,  we  believe  that  his  assertion  is  perfectly  correct ;  for  since 
the  experiments  were  made  by  Mr.Edlin  and  Dr.  Pearson,  the  farina  of  potatoes 
has  been  converted,  on  a  great  scale,  into  sugar  and  alcohol ;  and  it  has  been 
long  known  that  potatoe  starch  may  be  transformed,  by  the  application  of  dry 
heat,  into  a  species  of  tapioca,  of  great  tenacity  and  elasticity.  With  sucn 
matcrids,  we  should  imagine  the  skill  of  a  Parmentier  would  hardly  be  necessary 
in  order  to  make  gpod  bread.  In  the  making  of  leavened  bread  without  the 
addition  of  any  article  for  exciting  the  speedy  fermentation  of  the  paste,  a 
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peal  deal  of  attention  and  skill  are  requinte.  The  apontaneons  decompoeitioii 
18  extremely  alow ;  the  various  parts  of  the  mass  are  d^S^ntlv  afiected, 
according  to  the  humidity,  the  thickness  or  thinness  of  the  part,  the  Ticinity 
or  remoteness  of  fire,  and  other  circumstances  less  easily  investigmted.  llie 
saccharine  part  is  disposed  to  become  converted  into  alcohol ;  the  mucilage  haa 
a  tendency  to  become  sour  and  mouldy ;  while  the  gluten,  in  all  probabQity, 
verees  towards  the  putrid  state.  An  entire  change  in  the  chemical  attractions 
of  ue  several  component  parts  must  then  take  puice  in  a  progressive  manner, 
not  altogether  the  same  in  the  internal  and  more  humid  parts,  as  in  the  external 
parts,  which  not  only  become  dry  by  simple  evaporation,  but  are  acted  upon  by 
the  surrounding  air.  The  outside  may  therefore  become  mouldy  or  putri^ 
while  the  inner  part  may  be  only  advanced  to  an  acid  state.  Occasional 
admixture  of  the  mass  would  of  course  not  only  produce  some  change  in  Ae 
rapidity  of  this  alteration,  but  likewise  render  it  more  uniform  throughout  the 
whole.  The  effect  of  this  commencing  fermentation  is  found  to  be,  that  the 
mass  is  rendered  more  porous  by  the  disengagement  of  elastic  fluid,  which 
separates  its  parts  from  each  other,  and  greatly  increases  its  bulk.  The  operation 
of  baking  puts  a  stop  to  this  process,  by  evaporating  great  part  of  the  moisture 
which  is  requisite  to  favour  the  chemical  attractions,  and  probably  by  still 
further  changing  the  nature  of  the  component  parts.  Bread  thus  made  wiU 
not  Dossess  the  uniformity  which  is  requisite,  because  some  parts  may  be 
mouldy,  while  others  are  not  sufficiently  changed  from  the  state  <n  dough.  The 
same  means  are  used  in  this  case  as  have  been  found  effective  in  promoting  the 
uniform  fermentation  of  large  masses.  This  consists  in  the  use  of  a  leaven  or 
ferment  (as  before  mentioned),  which  is  usually  a  small  portion  of  dough  of  the 
same  kind,  but  in  a  more  advanced  stage  of  the  fermentation.  To  prepare  an 
original  leaven,  take  8  oz.  of  flour,  and  two  pints  of  blood-warm  water,  and  as 
soon  as  the  sponge  begins  to  rise  on  the  second  day,  add  1  lb.  of  flour,  and  four 
pints  of  water ;  and  thus  proceed  for  a  day  or  two  more,  when  a  mixture  will 
be  obtained,  which,  being  added  to  a  quantity  of  flour  and  water  intended  for 
bread,  will  determine  the  fermentation  to  take  place  throughout  the  mass  in 
three  or  four  hours.  It  is  only  under  peculiar  circumstances  that  a  recourse  to 
an  original  ferment  is  necessary ;  for  tnis  ferment  having  been  once  obtained, 
and  the  dough  nearly  ready  for  baking  made  from  it,  the  fermentation  of  the 
next  parcel  of  bread  is  readily  put  in  action  by  reserving  some  of  the  fermented 
dough  or  leaven,  as  it  is  called,  and  using  it  for  that  purpose.  To  preserve  this 
leaven  from  becoming  sour,  several  methods  are  adopted.  In  the  north  of 
England,  the  leaven  for  the  next  week's  baking  is  kept  fit  for  use  by  being 
buried  a  few  inches  deep  in  a  sack  of  flour.  In  Italy  it  is  said  to  be  kept  fresh 
even  for  three  months  by  being  buried  deep  in  flour.  The  French,  if  they 
intend  to  use  the  leaven  in  a  few  days,  keep  it  in  a  warm  place  between  two 
bowls,  and  add  every  day  as  much  flour  as  the  leaven  weighs,  and  a  sufficient 
Quantity  of  water  to  restore  the  original  consistence ;  but  if  it  is  not  to  be  used 
ror  a  week,  or  longer,  the  scrapings  of  the  kneading  trough  are  cut  into  small 
pieces,  dried  by  a  gentle  heat,  and  when  wanted,  rubbed  down  with  warm 
water.  It  appears  mm  the  Scriptures,  that  the  practice  of  making  leavened 
bread  is  of  extreme  antiquity ;  but  the  addition  of  the  scum  that  arises  in  the 
vinous  fennentation  of  beer,  called  barm  or  yeast,  seems  to  be  of  modem  date, 
and  is  now  in  general  use  throughout  the  north  of  Europe.  In  this  country 
this  yeast  is  generally  used  in  the  proportion  of  a  pint  to  a  100  lbs.  of  flour,  and 
is  dissolved  in  the  first  parcel  of  water  with  which  the  flour  is  mixed,  and  no 
leaven  is  used ;  but  at  Paris,  and  other  great  towns  in  France,  the  dough  is 
made  first  with  leaven,  and  a  little  yeast  is  added  to  the  last  parcel  of  water, 
merely  to  increase  the  sponginess  of  the  bread.  Although  we  have  given  under 
tbe  head  Barm  an  account  of  the  nature  of  this  usenil  ferment,  and  various 
modes  of  preparing  it,  we  shall  here  add  some  further  information  which  more 
immediately  appertains  to  the  manufacture  of  bread.  If  yeast  is  not  to  be 
purchased,  original  yeast  may  be  obtained  by  boiling  a  quarter  of  a  peck  (3|lbs.) 
of  meal  for  eight  or  ten  minutea  in  three  pints  of  water,  and  pouring  off  two 
pints,  which  is  to  be  kept  in  a  warm  place ;  the  fermentatioa  will  commence 
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in  about  thirty  hours,  at  which  time  four  pints  more  of  a  similar  decoction  of 
malt  are  to  oe  added,  and  when  this  ferments,  another  four  pints  are  to  be 
added,  and  so  on,  until  a  sufficient  quantity  of  yeast  is  obtained.  In  Edinburgh 
the  bakers  multiply  their  yeast  daily,  by  mixing  10  lbs.  of  flour  with  two  gallons 
of  boiling  water,  and  covering  it  up  for  about  ei^ht  hours.  Two  pints  of  yeas^ 
made  the  day  before,  are  then  stirred  in,  and  m  about  six  or  eight  hours  as 
much  new  yeast  will  be  generated  as  will  suffice  for  420  lbs.  of  flour.  When 
original  yeast  is  prepared  from  malt,  the  fermenting  wort  may  be  added  to  the 
flour  as  well  as  the  yeast,  according  to  Mr.  Stock,  whose  patent  substitute 
for  yeast  is  merely  wort  in  a  state  of  fermentation.  This  wort  is  made  from 
2  lbs.  of  malt,  \  oz.  of  sugar,  and  1  oz.  of  hops,  to  each  gallon.  Two  gallons 
of  this  wort  are  sufficient  for  12  bushels  of  wheaten  flour.  The  Hungarians 
prepare  a  similar  ferment  for  keeping  all  the  year,  by  boiling  in  water  in  the 
summer  wheat  bran  (obtained  in  grinding  for  household  flour,)  along  with  hops; 
the  decoction  soon  ferments,  and  then  a  sufficient  quantity  of  bran  is  flung  in 
to  drink  up  all  the  liquid,  and  allow  it  to  be  formed  into  balls,  which  are  dried 
in  a  gentle  heat.  When  wanted  for  use,  some  of  these  balls  are  broken,  and 
boilinff  water  poured  upon  them,  which,  after  some  time,  is  strained  ofi'and  used 
to  make  up  the  dough.  In  like  manner,  the  Romans  prepared  their  ferment  by 
drawing  off  in  vintage  time  a  quantity  of  grape  juice,  while  at  the  height  of  its 
fermentation,  pouring  into  it  a  sufficient  quantity  of  millet  flour  to  absorb  it  all, 
and  forming  mto  small  balls,  which,  when  wanted,  were  broken,  infused  in 
boiling  water,  and  the  whole  then  mixed  with  the  dough.  A  similar  ferment 
may  be  prepared  in  this  country  from  a  decoction  of  raisins,  which  must  sub- 
sequently be  either  pressed  between  boards  with  a  heavy  weight,  or  be  mixed 
up  with  ground  millet,  as  otherwise  the  strongest  part  of  the  must  would  remain 
amongst  them.  In  summer,  the  leaven,  yeast,  and  even  dough,  is  apt  to  turn 
sour,  and  to  communicate  that  taste  to  the  bread ;  this  is  remedied  by  stirring 
a  few  tea-spoons-full  of  carbonate  of  magnesia  into  the  ferment  or  dough. 

Wheaten  Bread. — ^The  nature  of  wheaten  bread  when  raised  with  yeast  has 
been  explained  already  at  the  commencement  of  this  article ;  but  the  importance 
of  the  subject  demands  a  more  exact  account  of  the  established  processes  em- 
ployed in  the  manufacture.  Mr.  Edlin  wishing  to  obtain  every  information  on 
this  subject,  procured  access  to  a  bakehouse,  and  has  given  us  the  following 
account  "  At  three  o'clock,  they  prepared  to  set  the  sponge,  for  which  pur- 
poee  two  sacks  of  household  flour  were  carefully  sifted  through  a  brass  wire 
sieve.  The  following  mixture  was  then  prepared ;  two  ounces  of  alum  was  first 
put  into  a  tin  vessel  with  a  little  water,  and  dissolved  over  the  fire ;  this  was 
poured  into  the  seasoning  tub,  and  nine  pounds  of  salt  were  thrown  in,  over 
which  they  poured  two  pails  full  of  hot  liquor ;  when  cooled  to  84o  of  Fahren- 
heit, six  pints  of  yeast  were  added ;  this  composition  was  then  stirred  well 
together,  strained  through  the  seasoning  sieve,  and  emptied  in  a  hole  made  in 
the  flour,  with  which  it  was  mixed  to  the  consistency  of  thick  batter.  Some 
flour  was  sprinkled  over  the  top,  when  it  was  covered  up  to  keep  in  the  heat 
This  operation  is  called  uUmg  quarter  sponge.  In  three  hours  two  pails 
full  more  of  warm  liquor  were  stirred  in,  and  the  mass  covered  up  as  before ; 
this  is  termed  tetting  haJf  sponge.  Five  hours  afterwards  five  more  pails  of 
warm  liquor  were  added ;  and  when  the  whole  was  intimately  blended,  it  waa 
kneaded  for  upwards  of  an  hour.  The  dough  was  then  cut  into  pieces,  and 
thrown  over  the  sluice  bosurd  and  penned  to  one  side  of  the  trough ;  some  dry 
flour  being  sprinkled  over,  it  was  left  to  prove,  till  about  three  o'clock  in  the 
morning,  when  it  was  again  kneaded  for  the  space  of  half  an  hour.  The  dough 
was  taken  out  of  the  trough,  put  on  the  lid,  and  cut  into  pieces.  It  was  then 
weighed,  and  4  lbs.  16  oz.  was  allowed  for  each  quartern  loaf,  the  baker  obser- 
▼ing  that  a  loaf  of  that  size  loses  from  10^  to  11  ounces  while  in  the  oven. 
It  was  then  worked  up,  and  the  separate  masses  were  laid  in  a  row  till  the 
whole  were  weighed,  and  in  counting  them  afterwards,  he  found  they  were 
equal  to  163^  quartern  loaves ;  but  this  circumstance  is  variable,  as  some  flours 
kneaded  better  than  others.  It  should  have  been  mentioned,  that  the  fire  was 
kindled  at  two  o'clock,  and  continued  burning  till  near  four,  when  the  oven  was 
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deuued  ftom  dirt  and  ashat.    The  bread  being  put  in,  the  OTen  waa  doae 
atopped  till  aeven  o'doek,  when  it  was  opened,  and  the  bread  withdrawn." 

hoUt, — Mr.  Edlin  has  likewise  furnished  the  following  mode  of  m^ung  roll% 
as  witnessed  by  him  in  a  London  bakehouse.  "  The  flour  was  sifted  and  mixed 
in  the  same  manner  as  was  done  for  the  bread ;  at  ha]f*past  six  o'clock,  they  were 
moulded  up^  and  a  slit  was  cut  alons  the  top  of  each  with  a  knife ;  they  were 
then  set  in  rows  on  a  tin,  and  placed  in  a  proTing  oven  to  rise  till  a  quarter  of 
an  hour  before  eight,  when  they  were  drawn  and  set  in  the  oven  which  was 
closed  us  before;  at  eight  o'clock  they  were  taken  out,  and  were  slightly 
brushed  over  with  a  buttered  brush,  which  gave  the  top  crust  a  shining  appear- 
ance ;  they  were  then  covered  up  with  a  flannel  till  wanted  for  sale." 

Brotm  Breadf  called  also  home-made,  is  usually  fabricated  of  inferior  or 
coarse  flour,  inciudinf  more  or  less  of  the  bran  ground  over  again  into  pollard ; 
and  the  brown  tint  of  the  latter  is  usually  heightened  by  the  public  bakers,  by 
the  addition  of  the  raspings  of  the  burnt  crust  from  other  loaves.  It  has  been 
a  fashion  of  late  years  to  give  the  preference  to  this  bread,  under  the  notion  of 
its  superior  purity  and  whclesomeness,  overlooking  the  obvious  drcumstance,  that 
its  dingy  colour  aflbrds  a  protection  to  the  discovery  of  all  sorts  of  adventitious 
mixtum,  besides  that  of  dirty  raspings.  In  making  brown  bread  at  home,  the 
case  is  of  course  difierent;  but  here,  owing  to  the  &fident  kneading  it  usually 
recdves,  it  acquires  an  anomdous  taste,  which  some  call  sweet,  others  sour. 
Being  unsatisfactory  to  the  appetite,  the  good  lady  in  the  countiy  flatters  her  sd^ 
love  in  observing  the  increased  appetite  of  her  metropolitan  vidtors,  and 
ascribes  it  to  the  excellence  of  her  noroe-made  bread,  when,  in  fact,  it  arises 
from  its  imperfections.  Brown  bread  retains  more  water  after  baking;  hence 
it  keeps  moist  longer,  but  the  middle  usually  crumbles  away« 

French  RoUt,  S^ — ^That  extremely  delicate  and  vesicular  small  bread  called 
French  is  made  in  the  following  manner.  To  a  peck  of  flour  sifted  through  a 
fine  wire  neve,  three  quarters  of  a  pound  of  butter  are  added,  and  rubbed 
together  in  a  kneading  trough ;  when  these  are  intimately  blended,  two  quarts 
of  warm  milk,  a  quarter  of  a  pound  of  sdt  and  a  pint  o^  yeast  are  well  mixed 
with  it,  and  a  sufficient  quantity  of  warm  water  to  knead  it  into  a  dough ;  it 
must  then  stand  two  hours  to  prove,  when  it  may  be  moulded  into  rdls  or 
bricks,  which  are  to  be  placed  in  tins,  and  set  for  an  hour  in  the  prover.  They 
are  afterwards  put  into  a  brick  oven  for  twenty  minutes^  and  when  drawn 
rasped. 

Himtehoid  Bread  undergoes  the  same  preparation  as  wheaten  bread,  with 
this  difierence,  that  instep  of  being  maae  with  fine  flour,  it  is  made  of  an 
inferior  sort,  called  seconds  flour. 

SubttihUee  fir  Wheaten  Bread, — Numerous  attempts  have  been  made  to  find 
a  substitute  for  wheaten  bread,  that  should  wholly  or  partidly  supply  its  place 
in  times  of  scardty.  With  this  view,  the  anneaied  td>le  has  been  prepared« 
by  which  will  be  seen  the  proportion  of  finina  and  of  bran  the  foUowmg  vege- 
table substancea  contdn. 

KladorOnin.  a  BaAel  of,     W«Ightof  Wcr    Weight  of  Bnio 

Barley 46lb  38IM01oi.  SfblO^oa. 

Buckwheat 46i  38  9  5  5 

Rye 54  43  0  9  5| 

Maiae 53  44  0  8  1(4 

Rice 6U  60  0 

Oate 38x  23  5  13  10| 

Beans 57|  43  5|  12  0 

Peas 61f  47  0  12  5 

Potatoes 58  8  0 

We  shall  now  proceed  to  shew  how  these  severd  vegetable  substances  may 
be  employed  as  substitutes  for  wheaten  flour* 

BarUy  Bread.^Vext  to  wheat,  barley  is  Uie  most  profitable  of  the  farinaceous 
grains,  and  when  mixed  with  a  smdl  proportion  of^  that  flour,  makes  a  much 
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cheaper,  and  aa  good  bread  as  that  grain,  as  respects  its  nt^tritious  properties  ; 
whicn  is  attested  by  the  numerous  robust  peasantry  who  make  it  their  chief 
sustenance.  Barley  is,  however,  made  into  bread  without  die  admixture  of  any 
other  grain,  and  forms  the  principal  diet  of  the  miners  of  Cornwall,  and  of  the 
rural  poptilation  of  many  districts  in  this  country.  It  is  thus  made:  fortv-four 
pounds  of  barley  meal  are  kneaded  up  into  dough,  with  water,  yeast,  and  salt, 
and  divided  into  eight  loaves ;  when  thoroughly  baked,  drawn  out  of  the  oven, 
and  left  to  cool,  &ey  weigh  about  60  pounds^  Such  food  must,  however,  be 
heavy ;  and  to  remedy  this  defect,  it  is  always  best  to  set  the  sponge  with 
wheat  flour  altogether,  as  barley  flour  does  not  readily  ferment  with  yeaMt; 
and  add  the  barley  flour  when  the  yeast  is  going  to  be  made.  Barley  bread 
IS  also  made  by  a  mixture  of  one  peck  of  rice  to  two  pecks  of  the  barley 
flour :  also^  by  the  addition  of  14  pounds  of  the  drained  pulp  of  potatoes, 
to  the  same  weight  of  barley  flour ;  knead  into  dough  with  warm  water  and 
a  sufficient  quantity  of  yeast  and  salt,  and  give  the  mass  time  to  prove  before 
baking. 

Buek-^heat  Bread, — Buck-wheat  is  so  little  used  as  an  aliment  in  this  coun- 
try, tliat  there  is  little  opportunity  of  studying  its  effects ;  but  from  all  appear- 
ance, it  has  the  common  quality  of  other  gram.  In  Norfolk  it  is  grown  for 
fiittening  poultry.  In  France,  it  is  made  into  bread  lor  human  sustenance. 
This  grain  is  covered  with  a  hard,  black,  triangular  husk,  of  which  it  is  deprived 
by  an  operation,  previous  to  grinding  the  farina.  It  is  effected  bv  high 
«3ring  tne  grain  either  by  the  sun's  rays,  or  by  the  heat  of  a  kiln,  and  after- 
wards by  being  what  is  technically  called  run  through  the  mill  stones ;  the  husks 
are  then  blown  away  by  a  winnowing  machine,  and  the  residual  grain  treated  asin 
the  preparation  of  wheat  com.  The  manner  of  making  bread  nom  it  alone  is  as 
follows  :  boil  a  gallon  of  water,  add  thereto  by  degrees  a  peck  of  buck-wheat 
flour,  constantly  stirring  it,  to  prevent  lumps  forming,  tiU  a  thick  batter  is 
formed  like  that  of  Scotch  or  Yorkshire  pottsge.  Add  some  salt,  and  boil  the 
mass  for  an  hour  and  a  half.  Then  pour  into  an  iron  kettle,  hanging  over  the 
fire,  the  due  proportion  for  a  cake,  and  bake  it,  tumine^  it  frequratly  to  prevent 
burning.  An  excellent  mixed  bread  is  made  by  the  addition  of  a  peck  of  wheat 
flour  to  the  before-mentioned  quantity  of  buck-wheat.  After  the  latter  has  been 
made  into  batter,  and  cooled  down  to  blood*heat,  it  may  be  poured  into  the 
trouffh  containinff  the  wheat  flour  and  yeast;  being  there  well  kneaded,  it 
should  stand  two  oours  to  prove,  divided  into  loaves,  and  baked  rather  longer 
In  the  oven  than  for  wheat  oread  alone. 

Rye  Bread. — Bread  firom  rye  alone  is  not,  we  believe,  eaten  in  this  country, 
though  in  many  parts  of  t)ie  north  of  Europe  it  is  the  ordinaiy  diet  of  the 
people ;  a  mixture  of  rye  afid  wheat,  however,  forms  excellent  bread,  and  is 
very  sweet  and  nutritious.  To  make  the  bread,  knead  together  equal  parts  of 
wheat  and  rye  flour,  wiUi  a  sufficient  quantity  of  yeast,  sut,  and  warm  water; 
it  should  be  covered  up  wann  to  ferment  and  prove,  divided  into  loaves,  and 
baked  in  the  usual  way.  A  mixture  of  rice  with  rye  makes  good  bread,  in  the 
proportion  of  15  pounds  of  rice  to  60  pounds  of  lye.  It  is  to  be  fimnented 
with  yeast,  Arc  kneaded,  formed  into  loaves,  and  baked  in  the  usual  way :  the 
product  will  be  at  the  least  120  lbs.  of  bread. 

ilfotse,  or  Indian  Com  Bread, — Some  authorities  inform  us  that  one  half 
maixe,  an>l  one-half  barley,  with  a  leaven  of  wheat  flour,  of  one-fifth  of  the 
total  weight,  form  a  bread  that  is  extensively  eaten  in  the  United  States  of 
America  and  in  many  parts  of  Europe;  but  that  a  superior  bread  is  made  with 
an  emial  quantity  of  wheat  flour  and  maize.  The  late  Mr.  William  Cobbett 
(to  whom  this  country  is  indebted  for  the  successful  culture  of  a  species  of 
Indian  com,)  directs  the  bread  to  be  made  of  only  one-third  maize  to  two-thirds 
of  wheat  or  lye  flour.  *'  Set  your  sponge,"  he  says,  ''  with  the  wheat  flour 
only.  As  soon  as  yon  have  done  that,  put  the  water  (warm  in  cold  weather, 
and  cold  in  hot  weather)  to  the  com  flour,  and  mix  the  flour  np  with  the  water, 
and  there  let  it  be  for  the  present  When  the  wheat  sponge  has  risen,  and  has 
fidlen  again,  take  the  wetted-up  com  flour  and  work  it  in  with  the  wheat  sponge, 
and  with  the  dry  wheat  flour  toat  has  been  round  the  sponge.    Let  the  whole 
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remain  fermeDting  together  for  about  half  an  hour,  and  then  make  up  the 
loaves,  and  put  them  in  the  oven." 

Jtice  Bread, — Boil  a  small  quanti^  of  rice  in  water  untfl  it  hecomet  vety 
thick  and  glutinous ;  with  this  solution  knead  up  the  rice  flour  in  the  trough, 
to  which  is  to  be  added  sufficient  yeast  and  salt  The  doueh  being  then  covered 
warm  with  doths,  is  siifiered  to  stand  till  it  rises.  Dunng  the  fermentation, 
this  paste,  which,  when  kneade^  was  quite  firm,  becomes  so  soft  and  liquid  as 
to  render  it  necessary  to  be  put  in  some  shallow  vessel,  like  a  stew-jpan,  navinf 
a  long  handle,  b^  which  it  is  to  be  turned  over  in  the  oven,  having  nnt  covered 
the  rice  paste  with  a  sheet  of  paper ;  the  heat  of  the  oven  operates  so  quickly 
upon  the  paste,  as  to  cmise  it  to  retain  the  form  of  the  vessel  whence  it  was 
discharged.  In  this  manner  pure  rice  bread  may  be  made ;  it  is  of  a  fine 
yellow  colour,  and  of  an  agreeable  taste.  Its  nutritive  properties  are  suffidendv 
attested  by  the  well-known  &ct  that  whole  nations  live  entirelv  upon  it  Rice,  with 
a  great  variety  of  mixtures,  produces  excellent  bread.  The  following  combinations 
have  been  successfiilly  employed :  First,  to  half  a  peck  of  rice  flour  add  one 
neck  of  wheat  seconds  flour;  mix  with  yeast,  salt,  &c. ;  knead,  ferment,  and 
oake  in  the  usual  way.  Second,  to  a  pecx  of  rice,  boiled  over^nidbt  tfll  soft, 
and  which  in  the  morning  will  be  found  considerably  swelled,  add  a  peck  of 
potatoes  well  mashed  into  a  fine  pulp,  and  a  peck  of  wheat  flour;  a  sufficient 
quantity  of  yeast  and  salt  being  added,  and  the  whole  kneaded,  it  may  be  left 
two  hours  to  prove,  before  making  up  into  loaves  and  baking. 

Oat  Bread, — Take  a  peck  of  oatmeal  and  an  ounce  of  salt ;  stir  them  up  into 
a  stiff  paste  with  warm  water ;  roll  it  out  into  thin  cakes,  and  bake  in  an  oven, 
or  over  the  embers.  The  Scotch  peasantry  live  chiefly  on  this  bread,  though  in 
some  cottages  ^hey  cause  it  to  undergo  a  fermentation  by  sour  leaven,  which 
renders  it  more  spongy  and  easy  of  digestion.  Dr.  R.  Herson  has  recommended 
the  following  as  a  good  and  economical  bread :  To  a  peck  of  oatmeal  add  the 
same  quantity  of  seconds  flour,  and  half  a  peck  of  potatoes  skinned  and 
mashea;  knead  up  into  a  dough  with  yeast,  salt,  and  warm  milk;  make  up 
into  loaves,  and  bake  in  the  usual  way.  Equal  quantities  of  oatmeal  and  rice 
flour  made  up  the  same  as  the  foregoing  in  other  respects,  is  stated  to  be 
veiy  palatable,  and  must  of  course  be  very  wholesome. 

bean  Bread, — Bean  flour  does  not  essentially  differ  from  other  farina,  but 
it  has  an  unpleasant  taste ;  this  is,  however,  scarcely  perceptible  if  the  flour  be 
steeped  in  water  before  it  is  used  for  making  into  bread.  This  flour,  so  treated* 
made  up  into  cakes  or  bread  with  yeast  and  salt,  is  tolerable ;  but  a  good  bread 
with  a  mixture  of  wheat  and  bean  flour  is  thus  made :  Soak  the  flour  for  three  days 
in  water  before  it  is  required,  changine  the  water  every  day,  to  carry  off  ue 
peculiar  flavour  of  the  bean ;  then  put  Sie  flour  to  drain  over  a  sieve ;  during 
this  operation  put  a  peck  of  wheat  flour  into  the  kneading  trough,  and  mix  it 
up  with  yeast  and  salt  After  it  has  been  properly  fermented,  knead  the  bean 
flour  with  it  into  dough,  and  after  it  has  stood  a  sufficient  time  to  prove,  divide 
it  into  loaves,  and  bake. 

Pea  Bread  may  be  made  in  the  same  manner  as  directed  in  the  foregoing 
artide  for  beans ;  it  is  sometimes  mixed  up  with  oatmeal  and  made  into  cakes ; 
but  equal  quantities  of  pea  flour  (that  has  been  steeped),  potatoe  flour,  and 
seconds  wheat  flour,  afford  a  good  bread.  The  sponge  should  be  set  wi^  the 
wheat  flour,  and  after  fermentaidon  the  other  flours  kneaded  in,  allowed  time  lo 
prove,  then  divided  and  baked. 

Potatoe  Bread, — Pare  the  potatoes,  boil  them  well,  beat  them  to  a  pulp,  and 
knead  with  double  their  weight  of  wheat  flour,  adding  a  sufficient  quantity  of 
yeast  and  salt ;  ferment,  make  up,  and  bake.  The  introduction  of  potatoes  in 
moderate  quantity  into  the  best  wheaten  bread  is  by  no  means  prejudicial  to 
its  quality.  We  believe  that  most  persons  find  such  bread,  when  well  made^ 
more  palatable  than  that  which  contains  none.  It  is  not  quite  so  dry,  when  new, 
as  wheat  flour  alone ;  it  retains  its  moisture  much  longer,  and  will  keep  for  ten 
days  without  any  trace  of  sourness.  The  following  is  the  process  employed  by 
most  bakers  for  introducing  them :  A  cask  is  prepared  by  boring  holes  in  its 
bottom ;  and  the  bottom  made  to  fit  into  the  mouth  of  a  boiler  containing  watec. 
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)f  the  quantity  of  flour  to  be  baked  be  four  cwt.,  the  quantity  of  potatoes  that 
can  be  properly  used  is  five  stone.  The  potatoes  are  thrown  into  the  cask,  a 
cover  is  applied,  the  water  is  made  to  boil,  and  the  steam  ascending  through 
the  holes  of  the  cask  boils  the  potatoes.  The  boiling  is  continued  until  the 
potatoes  crack  and  become  mealy.  They  are  then  withdrawn,  and  are  pounded 
with  a  wooden  instrument  untU  they  become  quite  fine.  While  this  potatoe- 
meal  is  still  very  hot,  cold  water  is  added  in  such  quantity  as  to  reduce  the 
whole  to  the  thickness  of  butter  milk.  To  this  liquid,  still  warm,  a  gallon  of 
yeast  is  to  be  added.  A  fermentation  commences ;  and  after  it  has  continued 
sufficiently  long,  during  which  the  potatoe-meal  rises  to  the  top  and  forms  a 
tough  mass,  the  whole  is  to  be  well  mixed;  and  being  now  a  homogeneous 
liquid,  it  is  to  be  strained,  first  through  a  coarse  hair  sieve,  and  afterwards 
through  a  finer.  To  this  strained  matter,  one  half  of  the  whole  quantity  of 
flour  is  to  be  added,  and  well  worked  up  witli  the  hands  so  as  to  form  sponge. 
When  the  sponge  has  duly  fermented,  the  other  half  of  the  flour  is  to  be  added^ 
along  with  some  more  water  holding  salt  dissolved:  this  mixture  is  to  be 
worked  up  into  dough,  and  treated  in  the  usual  manner.  An  extremely  light 
and  beautiful  bread  is  made  by  the  introduction  of  the  pure  starch  of  the 
potatoe,  in  various  proportions  (to  the  extent  of  one  fifth  part),  to  wheaten 
flour.  Tlie  best  mode  of  separating  this  starch  from  the  root  with  which  we 
are  acquainted,  is  by  the  employment  of  a  simple  machine  that  we  contrived 
for  the  purpose  many  years  ago,  engravings  of  which  are  given  in  the  next 
page.  Fig,  1  represents  a  vertical  section  of  the  machine.  Fig.  2  is  a  perspective 
view  of  the  grinding  cylinder,  with  a  part  of  the  perforated  coven ng  turned 
back,  to  show  the  internal  construction ;  a  a  is  a  strong  square  frame  or  stand, 
made  of  wood;  6,  a  square  cistern  containing  water,  under  winch  the  grinding 
cylinder  c  is  partly  immersed  ;  this  cylinder,  shewn  separately  in  Fig,  2,  is  11 
inches  in  diameter,  and  24  inches  long ;  it  is  covered  with  a  sheet  of  iron  e, 
perforated  throughout  with  small  holes,  produced  by  means  of  a  steel  punch, 
having  a  quadrangular  pyramidical  point,  which  raises  four  distinct  burs  or 
toeth,  particularly  adapted  to  the  purpose  of  rasping ;  this  perforated  plate  is 
nailed  to  the  peripheries  of  four  turned  discs  of  wood,  which  thus  produce  the 
cylindrical  figure,  and  each  disc  has  a  series  of  large  holes  d  made  through  it, 
for  the  free  passage  of  the  water  throughout  the  cylinder.  The  axis  is  motmted 
in  plummer  blocks,  fixed  on  the  frame,  (not  seen  in  the  drawing,)  and  is  turned 
by  a  winch  handle  /,  or  any  other  convenient  means.  G  is  a  fly  wheel,  to 
equalise  the  motion.  The  potatoes  are  put  into  a  hopper  h,  the  lower  extremity 
of  which  is  formed  into  a  square  frame  which  encompasses  the  upper  half  of  the 
cylinder  in  an  exact  manner,  but  not  so  as  to  touch  it,  in  order  that  it  may 
turn  round  fireely.  The  hopper  is  also  provided  with  a  movable  curved  por- 
tion s,  turning  upon  a  joint,  and  serves  to  press  the  potatoes  r  against  the  cylin- 
der, as  the  latter  b  turned  round  by  the  agency  of  a  l^ver  ky  on  which  a 
weight  is  suspended, — a  traversing  weight  to  vary  the  pressure.  The  curved  side 
of  the  hopper  is  made  of  sheet  iron,  and  has  a  long  slit  in  the  middle  to  allow 
the  lever  k  to  traverse,  and  as  a  guide  to  it.  In  setting  this  machine  to  work, 
the  hopper  is  to  be  filled  with  potatoes  washed  perfectly  clean,  and  the  cistern 
is  to  be  about  two  thirds  filled  with  water,  or  so  that  the  cylinder  dips  two  or 
three  iuc&es  into  it  The  weight  being  then  applied  to  the  lever  ^,  the  opera- 
tion of  grinding  is  commenced,  and  continued  until  the  cistern  is  nearly  filled 
with  the  pulp ;  but  before  this  takes  place,  the  water  in  the  cistern  rises  so 
much  that  a  portion  of  it  must  be  run  ofi^,  or  ladled  out  into  another  vessel,  as 
the  water  which  is  not  then  clear  contains  a  portion  of  the  finest  starch,  that 
takes  an  hour  or  more  to  subside.  The  grinding  of  a  bushel  of  potatoes  into 
pulp  by  a  machine  of  this  size  takes  a  man  about  a  quarter  of  an  hour,  ftom, 
which  fact  it  will  be  seen,  that  one  horse  power  is  adequate  to  the  reduction 
of  about  24  bushels  per  hour.  The  next  process  to  grinding  down  is  the  sepa- 
ration of  the  starch  from  the  fibre,  and  other  extraneous  parts.  For  this  pur- 
pose, the  cistern,  which  Is  upon  rollers,  is  drawn  forward  out  of  its  situation 
about  6  inches,  which  allows  sufilicient  room  for  the  pulp  being  emptied  out  by 
means  of  a  bowl  into  a  sieve ;  or  instead  of  the  latter,  into  a  piece  of  lawn 

1 1 


2*0 


BREAD. 


■tretchcd  over  a  tall  tub,  (the  bnt  form  of  which  ii,  tbat  of  the  inverted 
friutrum  of  a  cons ;)  ths  lawn  beitie  tied  down  ij  ■  cord  passing  round 
benentb  a  hoop  on  the  top  of  the  tub.  The  operation  is  thus  performed;  a  bowl- 
ill  of  the  pulp  is  fint  thrown  on  the  strainer,  (which  ii  rendered  concave  W 
the  pretnire,)  and  immediately  another  bowlful  of  clear  water,  from  a  reservoir 
at  biuid,  ii  dashed  down  u^n  the  former  i  the  dilutinn  which  it  thus  receive* 
cBiuei  the  starch  to  pais  rapidly  through  the  strainer,  this  effect  being  increased 


bjr  l]ie  operator  eontinntUy  ttiiring  up  the  mixture  with  hia  left  hand.  A 
■mall  portion  of  starch  remains  after  the  first  afRision,  but  which  is  entirely 
removed  by  a  second  dose ;  the  fibrous  remains  are  then  cleared  off  the  strainer, 
and  a  fresh  portion  of  the  pulp  from  the  datem  is  thrown  on  the  filter,  and 
treated  as  the  former,  and  the  operation  thus  continued  until  the  cistern  ie 
emptied.  The  dstem  is  again  filled  with  water  as  before,  the  hopper  reple- 
nished with  potatoes,  and  Ihua  the  erinding  and  washing  away  of  (he  starcn  is 
eltemalely  peifotmed :  this  variation  in  the  proceai  affiirtUng  ihe  man  an 
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agreeable  change  from  the  labour  of  turning  the  mill.  It  is  advisable  to  use 
two  tall  tubs  like  that  already  described,  and  to  employ  them  alternately; 
which  will  afford  sufficient  time  for  the  starch  to  settle  at  the  bottom  of  each 
in  a  solid  cake,  while  the  process  is  being  continued  with  the  other  tub.  About 
four  inches  above  the  bottom  of  each  tub  there  should  be  a  stop-cock  to  draw 
off  the  supernatant  liquid,  which  is  of  a  reddish  brown  colour.  The  starch 
should- next  be  removed  fix>m  the  bottoms  of  the  tubs,  (as  it  b  inclined  in  warm 
weather  to  undergo  very  soon  the  acetous  fermentation,  whilst  wet,  with  the 
coloured  water  deposited  between  its  particles,)  and  placed  in  large  glased 
pans,  wherein  it  snould  be  washed  or  stirred  up  again  with  fresh  water,  and 
allowed  to  settle  again  in  solid  cakes  ,*  and  this  operation  should  be  repeated 
until  the  water  runs  off  colourless,  which  will  usuallv  be  at  the  third  or  fourth 
time  of  dravring  off.  The  starch  then  settles  quickly  mto  a  firm  and  beautifully 
white  cake.  It  has  next  to  be  dried,  which  is  preferably  done  in  the  open  air, 
or  exposed  to  the  rays  of  the  sun,  in  a  situation  free  from  dust.  The  mass 
should  be  made  into  lum^s  with  the  finsers,  and  spread  out  on  rectangular 
frames  of  wood,  over  which  is  stretchea  any  cheap  cloth :  these,  from  their 
form,  are  very  portable,  and  stand  well  upon  one  another,  like  the  frames 
used  by  glue  boilers  for  drying  their  manufacture.  When  thoroughly  dry, 
it  may  be  stowed  away  into  casks ;  and  if  kept  unexposed  to  damp,  may  be 
preserved  good  for  a  century.  In  constructing  an  apparatus  for  conductine  this 
manufacture  on  a  large  scale,  many  improvements  on  the  foregoing  mieht  be 
made  to  expedite  the  work  and  facilitate  the  labour,  which  are  too  obvious 
to  need  our  entering  further  into  the^subject  It  is,  however,  due  to  Mr.  Whately, 
of  Cork,  to  observe  that  that  gentleman  had  invented  a  machine  very  similar  to 
the  foreeoing,  some  time  previous  to  its  publication,  but  unknown  to  the  author. 
The  difierence  between  the  two  machines  is  quite  immaterial,  excepting  that  in 
Mr.  Whately's  the  grinding  cylinder  works  out  of  water,  which  renders  it  liable 
to  dog  up» — an  effect  which  is  prevented  by  the  arrangement  of  the  other.  In 
a  communication  made  by  Mr.  Whately  to  the  Society  of  Arts,  (who  presented 
him  with  their  honorary  |;old  medal  for  the  invention,)  he  states,  that  "  it  is 
capable  of  the  most  satisfactory  proof  that  the  same  quantity  of  land  will  yield 
above  one-half  more  of  farina,  or  flour,  where  potatoes  are  cultivated,  than  if 
the  same  quantity  of  land  was  applied  to  the  production  of  wheat"  He  fiuther 
states,  "  I  nave  proved  from  experiment,  that  2,619  lbs.  of  pure  farina,  or  flour, 
may  be  produced  from  an  acre  of  land  planted  with  potatoes,  and  only  1,600  lbs. 
of  flour  from  an  acre  of  wheat  It  will  therefore  be  obvious,  that  if  we  can 
apply  ^is  great  excess  to  the  same  purposes  as  the  flour  of  wheat,  the  advan- 
tages arising  from  it  will  be  of  the  greatest  importance  to  the  community."  It 
is,  besides,  well  known  that  many  poor  light  soils,  which  are  considered  unfit  for 
the  cultivation  of  wheat,  will  produce  eood  potatoes  abundantly.  The  cost  of 
producing  potatoe  flour  from  tue  root,  Mr.  Whately  estimates  at  only  half  that 
of  obtalnmfi;  the  flour  from  the  wheat  In  the  introduction  of  a  small  portion 
(^potatoe  flour  in  the  manufacture  of  sea-biscuit,  it  is  said  the  quality  is  mate* 
riaUy  improved,  and  that  thev  will  keep  good  for  a  much  longer  period  of  time; 
and  it  may  be  fairly  urged,  that  if  potatoes  in  the  gross  improve  (as  it  is  gene- 
rsjly  admitted  they  do)  the  quality  of  wheat  bread,  that  they  must  be  still 
more  beneficial  when  deprived  of  the  refuse  matter  the^'  contain.  This  article 
is,  nevertheless,  considered  legally  as  an  adulteration  of  bread,  as  well  as  many 
oihers,  some  of  which  we  shall  proceed  to  notice.  The  most  common  sophis- 
tication in  bread  is  alum.  Some  writers  state  that  as  much  as  4  oz.  are  put 
into  eveiy  quartern  loaf  by  the  public  bakers ;  but  bread  containing  so  large  a 
quantity  could  not  be  eaten  without  serious  constipation.  From  the  best 
information  afforded  to  us,  we  are  inclined  to  believe  the  quantity  of  alum 
varies  with  the  quality  of  the  flour,  the  worst  flour  receiving  the  most  alum  to 
improve  the  colour ;  and  that  the  quantity  put  to  a  sack  of  flour  (though  it 
varies  fW>m  4  oz.  to  4  lbs.)  is  usually  aoout  2  lbs. ;  and  as  this  will  assign  to  each 
4  lb.  loaf  nearly  ^  oz.,  it  \b  very  probable  the  before-mentioned  statement  of 
4  oz.  to  each  loaf  arose  from  an  uncorrected  error  of  the  press.  It  has  been 
asserted  that  bones  burned  to  whiteness,  and  ground  to  an  impalpable  powder, 
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are  used  to  adulterate  thirds  flour ;  this  we  trust,  however,  is  a  rery  rare  occur- 
rence.  Chalk  and  whiting,  in  small  quantity,  are  also,  it  is  said,  sometimes 
mixed  with  flour.  Salt,  alUiough  a  necessary  ingredient  in  bread,  is  sometimes 
added  to  such  an  excess  that  it  becomes  an  adulteration ;  the  object  attained 
by  it  is  the  causing  the  bread  to  retain  a  portion  of  the  water  which,  without 
it,  would  be  evaporated  in  the  process  of  baking.  If  bread  contain  an  unusual 
proportion  of  starch,  it  absorbs  and  retains  more  water  from  that  cause.  Such 
bread,  therefore,  is  deficient  in  solid  matter,  and  is  technically  termed  hungry 
bread,  as  an  equal  bulk  and  weight  does  not  satisfy  the  appetite  like  bread 
which  holds  less  water.  The  bakers  prefer  flour  that  has  oeen  made  about 
three  months,  or  such  a  mixture  of  old  and  new  flour  as  wUl  make  an  equi- 
valent. Weak  inferior  flour  requires  the  dough  to  be  made  up  as  dry  as 
possible.  If  the  usual  quantity  ox  water  required  for  the  best  flour  be  used, 
there  is  a  liability  to  the  fermentation  running  into  the  acetous  stage,  which  of 
course  renders  the  bread  sour.  In  all  cases,  if  the  dough  has  been  made  too 
soft,  it  should  be  cooler  than  usual,  otherwise  the  high  heat  of  the  oven  quickly 
forms  a  cnist  imperviable  to  vapour,  and  thus  locks  up  the  water  in  the  bread. 
Bread  in  this  state  is  very  common  amongst  the  home-made,  for  want  of  due 
experience  in  the  operator.  In  the  employment  of  flour  made  from  wheat  that 
has  undergone  germination,  it  becomes  necessary  to  have  recourse  to  some 
extraordinary  means  to  render  the  bread  light.  Mr.  £.  Davy,  who  made  many 
experiments  with  a  view  to  determine  the  best  remedy  for  such  malted  flour, 
ascertained  that  the  carbonate  of  magnesia  of  the  shops,  when  well  mixed  with 
the  new  flour,  in  the  proportion  of  from  20  to  40  grains  to  I  lb.  of  flour,  materially 
improves  it  for  the  purpose  of  making  bread.  Loaves  made  with  it  rise  well  in  the 
even ;  they  are  lignt  and  spongy,  and  keep  weU.  To  the  worst  flour  as  much  aa 
40  grains  may  be  added  to  1  lb.  of  flour.  Care  should  be  taken  to  mix  them  inti- 
mately togetner.  When  too  little  veast  has  been  added  to  the  dough,  the  fermen- 
tation is  slow  and  incomplete ;  when  it  has  been  added  in  too  great  a  quantity, 
the  fermentation  becomes  too  rapid,  and  renders  it  liable  to  sourness;  to  remedy 
which,  Mr.  Chaptel  has  recommended  the  kneading  up  some  carbonate  of  potash 
with  the  dough,  which  neutralizes  the  excess  of  acid.  Dividing  the  dough  into 
small  masses,  and  exposing  it  to  the  air,  also  has  a  tendency  to  check  the  fermen- 
tation. Under  the  several  heads  of  Corn,  Dough,  Mill,  Oven,  &c.  a  variety  of 
improvements  in  the  mechanism  and  processes  of  making  bread  will  be  found. 
BREAKWATER.  An  artificial  wall  or  rampart  carried  nearly  across  the 
mouth  of  an  open  harbour  or  bay,  to  protect  vessels  moored  behind  it  from  the 
violence  of  the  sea.  The  two  most  celebrated  structures  of  this  kind  are  those 
of  Cherbourg  and  Plymouth.  The  breakwater  at  Cherbourg  was  commenced 
about  the  year  1 783  :  it  was  to  consist  of  a  series  of  truncated  cones  of  timber, 
approximating  at  their  bases,  and  presenting  to  the  sea,  as  they  rose  to  its 
surface,  alternate  obstacles  and  openings.  The  number  of  cones,  as  originally 
projected  to  cover  a  front  of  2,000  tois^^,  was  ninety,  which  were  after- 
wards reduced  to  sixty-four;  but  this  number  was  never  completed.  Each 
cone  was  to  be  150  feet  in  diameter  at  the  base,  and  60  feet  at  the  top,  and 
from  60  to  70  feet  in  height,  the  depth  of  water  at  spring  tides,  in  the  line  in 
which  they  were  to  be  sunk,  varying  from  about  56  to  70  feet  The  cones  were 
to  be  formed  without  bottoms,  and  being  floated  ofi*  by  means  of  casks  attached 
to  them,  were  to  be  towed  to  the  spots  whereon  they  were  to  be  sunk ;  they 
were  then  to  be  filled  with  stones  to  the  tops,  and  lefl  to  settle  for  a  while ; 
after  which  the  upper  part,  commencing  at  low-water  mark,  was  to  be  built  with 
masonry  laid  in  pozzolana,  and  encased  with  granite  stone.  The  first  cone 
was  sunk  June  1784,  and  by  the  year  1788  eighteen  cones  had  been  sunk, 
occupying  a  line  of  1,950  toises  in  length;  but  owing  to  the  disasters  which 
had  attended  the  progress  of  the  works,  (the  upper  parts  of  several  of  the  cones 
having  been  carried  away  by  the  violent  winter  gales,)  the  undertaking  was  sus- 
pended ;  in  the  following  year  three  cones,  then  building,  were  sold  by  auction. 
Subsequently  a  plan  for  casing  over  the  whole  length  of  the  old  work  with  blocks 
of  stone  was  so  far  acted  upon,  that  in  1803  the  centre  of  the  dyke  had  been 
brought  above  high-water  mark,  and  here  were  placed  a  battery  and  a  small 


BREWING.  219 

garrMon,  the  whole  of  which  were  swept  away  by  the  sea  in  a  heavy  gale  oC 
wind  in  1809.  Small  spots  only  of  the  breakwater  are  now  visible  above  the 
surface  of  the  sea  at  low-water  spring  tides,  except  near  the  middle,  where  a 
shapeless  mass  (extending  about  100  yards  in  length)  rises  to  the  height  of 
from  18  to  24  feet  above  high  water.  Plvmouth  Sound  is  Very  much  exposed; 
and  the  heavy  swell  constantly  rolling  m  is  much  increased  when  the  wind 
blows  fresh  from  any  point  between  S.E.  and  S.W.  In  the  year  1806  the 
improvement  of  the  anchorage  in  Plymouth  Sound,  by  the  erection  of  a  break- 
water, was  suggested  by  the  late  Earl  St  Vincent  to  Earl  Grey,  then  first  lord 
of  tlie  Admiralty;  and  in  the  same^year  Messrs.  Rennie  and  Whidbey  were 
directed  to  report  on  the  practicability  of  the  plan.  Their  report  was  favourable ; 
but  from  various  causes  the  work  was  not  decided  upon  until  1811.  The 
method  which  was  recommended  for  constructing  the  work  was  to  sink  very 
large  blocks  of  stone  in  the  line  of  the  intended  breakwater,  allowing  them  to 
find  their  own  base,  and  to  assume  those  positions  which  gravity  would  permit, 
and  that  blocks  of  stone  from  1|  to  2  tons  weight  would  be  sufficiently  heavy 
to  resist  the  action  of  a  stormy  sea.  The  immense  beds  of  limestone  east  of 
Catwater,  which  were  capable  of  afibrding  stones  of  still  larger  dimensions, 
were  bought  by  government  for  the  sum  of  10,000/.,  and  were  opened  on  the 
7th  of  August,  1812,  under  the  superintendence  of  Mr.  Whidbey:  five  days 
after  the  first  stone  was  deposited  in  the  Sound,  and  on  the  31st  March,  1813, 
the  breakwater  was  first  seen  above  the  surface  of  the  sea  at  low  water.  The 
breakwater  consists  of  a  central  part  of  1,000  yards  in  length,  and  of  two  wings, 
each  of  350  yards,  forming,  with  the  middle  portion,  angles  of  158^,  the  angular 
points  being  turned  towards  the  ocean.  The  transverse  section  is  of  the  form 
of  a  trapezoid,  whose  base  on  an  average  extends  to  about  290  feet ;  its  breadth 
at  top  48  feet;  and  its  average  depth  about  56  feet  The  rise  of  the  slope 
facing  the  sea  is  1  in  7;  that  of  the  slope  facing  the  harbour  1  in  5.  The 
average  depth  of  water  is  36  feet  at  low  water  spring  tides,  and  the  breakwater 
is  carried  about  20  feet  higher,  which  somewhat  exceeds  the  greatest  rise  of  the 
tide.  The  whole  length  is  now  (1 833)  completed,  and  on  the  surface  the  blocks 
are  formed  into  a  convenient  path  from  end  to  end ;  but  it  is  decided  to  build 
or  encase  the  upper  part  in  solid  masonry,  commencing  at  low  water  mark, 
and  to  erect  a  lighthouse  near  the  centre.  The  quantity  of  limestone  required 
for  its  construction,  was  estimated  by  Messrs.  Rennie  and  Whidbey  at  about 
2,000,000  tons,  and  the  probable  expense  1,171,000/. 

BREWING.  The  art  of  preparing  ale  or  beer.  The  materials  commonly 
used  for  this  purpose  are  malted  baney  and  hops.  The  ingredients  serve  as 
the  basis  of  all  ale  and  beer,  and,  indeed,  are  the  only  ones  permitted  by  law; 
but  most  public  brewers,  in  addition,  make  use  of  a  variety  of  other  articles 
to  improve  the  appearance  of  the  beer,  or  to  suit  the  taste  of  their  customers. 
Each  brewer  has  his  own  recipes  for  these  purposes,  which  he  endeavours  to 
keep  secret;  but  many  of  the  substances  so  employed  are  known  to  be  of  a 
very  noxious  nature.  The  brewing  of  beer  of  all  kinds  is  conductf^d  by  the 
same  general  process;  the  principal  variations  in  it  depend  upon  the  scale  upon 
which  the  operation  is  carried  on;  we  shall  therefore  first  give  an  outline  of  the 
process  as  adapted  to  private  families,  and  afterwards  a  description  of  the 
manner  in  which  the  operation  is  conducted  in  public  breweries  on  a  large 
scale.  The  method  usually  followed  in  brewing  on  a  small  scale  is  as  follows : 
The  malt  coarsely  ground,  or  rather  crushed,  is  strewed  evenly  over  the  bottom 
of  a  broad  tub,  called  the  mosh-tub,  which  is  furnished  with  a  wooden  spigot 
or  cock,  near  the  bottom,  over  the  inner  end  of  which  is  fitted  a  strainer  of 
basket-work  to  keep  out  the  grains.  A  quantity  of  water,  proportioned  to  the 
quantity  of  malt  and  the  strength  intended  for  the  beer,  is  then  boiled  in  a 
copper,  and  afterwards  allowed  to  cool  down  to  about  I70o  Fahr. ;  this  is  then 
poured  gradually  over  the  malt,  which  is  stirred  all  the  time  with  a  sort  of  rake 
of  a  triangular  form.  When  the  whole  of  the  water  has  been  poured  on  the 
malt,  the  tub  is  covered  witli  matting  or  sacking  to  retain  the  heat,  and  the 
malt  is  stirred  from  thne  to  time.  When  the  water  has  been  two  hours  on  the 
malt,  it  will  have  dissolved  the  greatest  portion  of  the  saccharine  matter  of  th 
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grain ;  the  solution  is  called  wort^  which  is  drawn  off  into  a  tuh  beneath  the 
niash-tiib,  and  another  portion  of  water,  less  than  the  first,  and  at  about  IW* 
Fahr.,  is  poured  over  the  malt  After  this  has  stood  for  about  an  hour,  it  is 
likewise  arawn  off,  and  may  either  be  mixed  with  the  former  worts,  or  kept 
separate  to  form  an  inferior  description  of  beer.  A  third  water  is  sometimes 
given,  which  should  be  at  190o  rahr.  When  the  whole  of  the  saccharine 
matter  is  extracted  from  the  malt,  the  remainder  is  called  grains,  and  is  used 
for  feeding  pigs.  The  worts  are  then  removed  to  the  copper,  and  either  boiled 
with  the  hops,  in  the  proportion  of  1}  lb.  of  hops  to  a  bushel  of  malt,  or  (which 
is  a  better  way)  an  infusion  of  hops,  pi^viousl^  prepared  at  a  gentle  heat,  is 
added  to  the  worts,  and  the  whole  is  boiled  rapidly  until  the  liquor  parts,  as  it 
is  called,  that  is,  the  mucilaginous  parts  which  were  suspended  in  the  liquor, 
and  rendered  it  turbid,  separate  from  it,  appearing  like  a  quantity  of  white  worms 
swimming  through  the  hquor,  and  if  a  small  portion  of  it  be  taken  in  a  glass, 
the  liquor  quickfy  becomes  clear,  and  a  thick  sediment  is  precipitated.  The 
liquor  is  then  poured  through  a  coarse  strainer  (to  separate  the  hops)  into 
shallow  tubs,  placed,  if  possible,  where  there  is  a  current  of  air,  in  order  to  cool 
as  rapidly  as  possible ;  and  when  it  has  come  down  to  about  60*  Fahr.  it  is 
collected  into  the  fermenting  tun,  and  the  yeast  (first  mixed  with  a  small 
quantity  of  worts)  is  added  to  the  liquor,  and  well  incorporated  with  it  by 
stirring  it  with  a  new  birch  broom ;  the  tun  is  then  covered  up  with  cloths,  and 
the  temperature  of  the  room  maintained  a  little  above  GO^.  In  a  short  time 
fermentation  commences,  forming  a  white  head  on  the  surface  of  the  worts, 
and  a  laige  portion  of  carbonic  acid  gas  is  evolved,  accompanied  by  a  strong 
vinous  ooour.  As  soon  as  the  head  begins  to  fall,  the  beer  is  removed  into 
casks,  with  the  bungs  left  out  for  the  escape  of  tlie  yeast,  which  comes  over  in 
considerable  quantities ;  the  casks  being  replenished  at  intervals  to  compensate 
for  the  portion  of  beer  which  is  carried  over  with  the  least;  and  when  the 
veast  ceases  to  come  over,  the  casks  are  first  lightly,  and  afterwards  securely, 
bunded  up  for  future  consumption. 

We  shall  now  proceed  to  describe  the  process  as  usually  conducted  in  a 
brewing  establishment  on  a  moderately  large  scale.  Tlie  first  operation  is  the 
proper  grinding,  or  rather  crushing  of  the  malt ;  this  is  sometimes  performed 
Detween  miU-stones,  in  the  manner  in  which  com  is  ground,  only  the  stones 
are  set  rather  further  asunder;  but  of  late  vears  it  has  become  more  common 
to  cnish  the  malt  between  two  cylinders.  The  malt  is  then  suffered  to  lie  some 
time  in  a  bin  or  cool  room,  to  mellow,  as  it  is  called.  Grist  thus  exposed  to  the 
air  it  is  said  requires  less  mashing,  and  the  strength  of  the  malt  is  more  per- 
fectly obtained.  Mashing  in  the  laree  way  is  usually  performed  in  a  circular 
wooden  or  cast  iron  vessel,  called  the  mash  tun,  and  fiunished  with  a  false 
bottom  perforated  with  holes.  Between  the  real  and  false  bottom,  which  are 
generally  a  few  inches  asunder,  are  two  side  openings ;  to  one  is  fixed  a  pipe 
for  conveying  hot  water  into  the  tun,  and  to  the  other  a  pipe  and  cock  for  dis- 
charging the  liquor  into  another  vessel,  llie  mashing  is  performed  by  machinery 
inventea  for  that  purpose.  These  machines  are  variously  constructed ;  the 
following  is  one  of  the  most  approved  description.  In  the  centre  of  the  tun  is 
a  vertical  axis,  which  is  turned  round  by  wneel-work  at  the  top.  Upon  this 
axis  is  a  bevelled  wheel,  which  turns  a  horizontal  axis  extending  from  the  centre 
to  the  circumference  of  the  tun.  This  axis  has  four  wheels  upon  it,  over  which 
pass  four  endless  chains,  which  also  pass  round  wheels  on  a  horizontal  axis 
near  the  bottom  of  the  tun.  Upon  the  endless  chains  are  fixed  iron  rakes, 
which,  as  the  wheels  revolve,  bring  up  the  malt  from  the  bottom  of  the  tun  to 
the  top.  These  also  receive  a  slow  progressive  motion  round  the  tun  by  the 
followmg  means :  the  outer  ends  of  these  axes  are  supported  in  bearings  in  a 
vertical  frame,  which  rises  to  the  top  of  the  mash  tun,  and  is  braced  to  a  collar 
on  the  vertical  shaft.  On  the  top  of  this  frame  is  a  bearing,  to  support  the 
outer  extremity  of  a  horizontal  snaft,  on  the  inner  end  of  which  shaft  is  a 
bevelled  wheel,  which  works  in  another  bevelled  wheel  on  the  vertical  shaft 
The  horizontal  shaft,  by  means  of  another  bevelled  wheel  fixed  at  its  outer 
extremity,  gives  motion  to  an  endless  screw,  supported  by  a  carriage  attached 
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to  tbe  Tertical  frame,  foid  the  endless  screw  aeting  upon  a  ring  of  teeth  fixed 
upon  the  curb  of  the  mash  tun,  causes  the  mashing  apparatus  slowly  to  perform 
the  curcuit  of  the  tun.  After  mashing,  the  tun  is  generally  covered  to  prevent 
the  escape  of  heat,  and  the  whole  remains  untouched  until  the  insoluble  parts 
separate  from  the  liquor,  when  the  wort  is  discharged  into  another  vessel 
usuailv  placed  beneath  the  mash  tun,  and  called  the  underback.  To  extract 
entirely  the  saccharine  matter  from  the  malt,  a  second,  and  sometimes  a  third* 
mashing  is  taken,  and  the  whole  extract  is  received  into  the  underback,  and 
thence  conveyed  to  the  copper.  For  heating  the  water  and  boiling  the  wort, 
large  establishments  use  a  copper  crowned  with  a  hemispherical  dome,  surrounded 
by  a  pan  which  will  contain  a  succeeding  wort  The  liquor  b  generally  boiled 
b^  steam  in  the  following  way :  From  the  centre  of  the  dome  rises  a  perpen- 
dicular pipe,  and  from  the  upper  extremity  of  this  pipe  four  inclined  pipes 
descend,  the  lower  extremities  of  which  terminate  near  tne  bottom  of  the  pan, 
and  consequently  in  the  water  or  wort  contained  therein.  By  this  contrivance 
the  steam  which  rises  from  the  copper  must  bubble  up  through  the  fluid  in  the 
pan,  and  speedily  heat  it  The  advantages  of  this  plan  are,  that  the  instant 
the  copper  is  emptied,  a  fresh  supply  of  liquor  can  be  let  in  to  cover  it, 
in  order  to  prevent  the  intense  heat  of  the  nre  from  injuring  the  bottom  of 
the  copper,  while  the  successive  fluids  are  heated  by  one  fire.  The  copper  is 
provided  with  two  man-holes,  fitted  with  lids  which  screw  tight  down.  One  of 
these  is  for  the  purpose  of  admitting  a  man  to  dean  the  copper,  and  by  the 
other  tlie  hops  are  introduced ;  the  general  proportion  is  1 1  lb.  of  hops  to  a 
bushel  of  matt  After  the  first  boiling  with  hops  the  liquor  is  let  ofi^  and  the 
wort  is  conveyed  into  the  jack  or  hop-back,  furnished  generally  with  a  cast  iron 
floor  full  of  holes,  so  as  to  drain  the  wort  from  tlie  hops.  Then  those  left  in  the 
hop-back  are  filled  by  men  into  tubs  which  are  drawn  up  by  a  tackle  worked  by 
&e  engine,  and  again  boiled  in  the  copper  with  the  second  and  third  worts. 
From  the  hop-back  the  worts  are  next  conveyed  to  the  coolers.  These  usually 
consist  of  several  floors  or  stages,  erected  in  the  most  airy  and  exposed  situation 
which  the  premises  afibrd.  They  are  surrounded  by  shallow  ledges,  and  the 
worts  are  pumped  on  to  these  to  the  depth  of  a  few  inches,  and  by  the  aid  of  a 
current  of  air  operating  upon  a  very  extended  surface,  they  are  in  the  course  of 
seven  or  eight  nours  cooled  down  to  about  60^,  which  is  the  average  temperature 
for  setting  to  work.  There  are  several  inconveniences  attending  this  method  of 
cooling :  a  considerable  loss  arises  from  evaporation ;  the  process  is  tardy  and 
uncertain,  depending  greatly  upon  the  temperature  of  the  atmosphere;  and  the 
erection  of  such  extensive  and  lofty  buildings  as  are  necessary  adds  considerably 
to  the  expense  of  the  pUaU.  To  obviate  these  evils,  many  persons  have  pro- 
posed to  cool  the  worts  by  causing  them  to  flow  through  thin  metal  pipes  sur- 
rounded by  cold  water,  and  many  arrangements  for  the  purpose  have,  been 
patented.  The  foUowins  one  is  the  invention  of  Mr.  Bundy.  A  is  a  tub  filled 
with  cold  water,  in  which  is  fixed  a  series  of  metal  pipes,  capable  of  cooling  a 
certain  quantity  of  wort  per  hour,  according  to  the  size  of  the  apparatus.  The 
wort  may  be  let  to  run  either  direct  firom  the  boiler  into  the  hop-back,  or  (as 
convenience  may  permit)  be  ladled  into  B  after  straining  from  the  hops.  Tiie 
wort  then  passes  from  B  through  the  m^  conducting  pipe  C  into  the  series  of 
pipes,  and  is  delivered  out  through  the  cock  D  into  we  gyle  tun,  adjusting  the 
quantity  by  opening  the  cock  more  or  less,  by  which  means  the  heat  of  the 
wort  may  also  be  regulated,  so  that  it  may  run  out  of  the  proper  temperature 
to  be  immediately  fermented.  The  other  vessel  H  is  a  longitudinal  section  of 
a  precisely  similar  vessel  and  apparatus  as  A,  and  consequently  exhibits  a  section 
of  all  the  series  of  pipes,  their  spird  winding  and  situation.  Now  if,  instead 
of  drawing  the  wort  ofi*  at  D,  as  before  mentioned,  that  cock  were  kept  shut, 
the  wort  would  flow  out  of  the  first  series  of  pi^s  contained  in  the  vessel  A, 
into  the  pipe  F,  and  there  ascending  to  its  level,  it  would  descend  and  be  dis- 
tributed through  the  second  series  of  pipes  at  £y  contained  in  vessel  H,  which 
being  kept  constantly  filled  with  cold  water,  condenses  the  vapours,  whilst  it 
rapiSv  cools  the  liquid  wort  in  its  extended  circuitous  passage  through  the 
convoluted  series  of  pipes,  till  it  is  discharged  at  the  cock  G,  where  it  arriv 


properly  refrigerated,  it  .  ,  ^ 

would  be  delivered  at  D  if  tlie  veuel  A  ahne  were  uied.      A  condaiul  supply 

of  cold  water  it  inditpeniaUe,  wliicb  nay  be  pumped  into  the  tub  H  bjr  pauuig 


aloiu  Ibe  ihoot  I,  and  descending  hj 
whiea  being  Ud  open,  drives  the 


meani  the  water  wbicb  is  driven  off  at 
top  of  the  tub  A  it  mucb  hotter,  aiid,  cun-  ,|, 
Hquently,  has  deprived  the  wott  passing  ft 
through  the  pipes  of  much  more  heat  than 
in  the  caae  of  the  single  tub  A  being  used. 
When  the  tub  A  Is  sufficient  by  itielf  for 
the  purpose  required,  the  cold  water  is  then 
of  course  to  be  pumped  in(o  the  ahool  L. 
An  apparatus  for  the  same  purpose,  in- 
vented by  Mr.  Wheeler,  of  High  Wycombe, 
Bucks,  is  represented  in  the  accompanying 
cut  A  series  of  conper  plates  tinned  are 
first  soldered  together  lengthwise,  and 
another  similar  seriet  are  connected  with 
the  former,  by  soldering  their  longitudinal 
edges  together  in  such  manner  as  to  leave 
between  them  (except  at  the  edges)  a  space 
of  about  a  quarter  of  an  inch ;  they  are 
afterwards  convoluted  into  tlie  form  shown 
in  the  engraving,  and  placed  in  a  tub  or 
cylindrical  vessel ;  within  the  narrow  and 
continuout  chamber  thus  formed,  the  wort 
is  made  to  flow  from  a  copper  or  reservoir, 
while  the  water  or  other  cooling  fluid  runt 
in  a  contrary  direction,  by  which  arrange- 
ment the  two  fluids  will  nearly  exchange 
their  temperatures,  the  water  becoming 
healed  and  the  wort  cooled,    a  represent* 
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the  temce  pipe  and  ooek,  .which  brings  on  the  water  from  a  dstem  above ;  it 
enters  at  the  oottom  of  the  vessel,  in  the  centre  of  the  convolute,  from  thence 
passing  round  the  coils  it  abstracts  die  heat  from  the  wort  contained  in  the  flat 
chambers,  and  passes  off  in  a  heated  state  at  the  upper  part  of  the  pipe  b,  and 
descends  into  the  trough  e.  The  wort  is  received  at  sf,  the  lower  part  of  which 
pipe  has  an  opening  into  the  narrow  oonvduted  chamber ;  the  wort  circulating 
through  all  these  coils  arrives  at  the  centre,  from  whence  it  descends  and  passes 
out  by  a  pipe/  in  a  cool  state.  At  g  there  is  a  small  curved  pipe,  to  allow  the 
air  in  the  wort  chambers  to  escape;  at  A  is  a  pipe  and  cock  for  discharging  the 
water  in  the  tub  whenever  needful.  We  are  not  aware  of  any  brewing  esta- 
blishments havine  entirely  dispensed  with  the  cooling  stages,  but  sever  J  com- 
bine with  them  tne  plan  of  cooling  by  water,  by  surroimding  the  pipe  which 
conveys  the  worts  to  the  fermenting  vessels  with  another  pipe  of  a  few  inches 
larger  diameter,  and  maintaining  a  current  of  cold  water  through  the  same. 
From  the  coolers  the  worts  pass  to  the  large  fermenting  souare,  where  the  yeast 
is  added,  and  where  the  first  fermentation  is  carried  on.  When  the  violence  of 
it  begins  to  subside,  the  liquor  is  conveyed  by  a  pipe  to  a  series  of  circular  or 
square  vats,  ranged  in  double  rows  in  a  large  buumng,  called  the  fermentine- 
house.  In  these  vats  (which  are  all  of  an  equal  height)  the  liquor  purges  itseff, 
throwing  up  the  yeast  in  large  quantities,  which,  runniuff  over  the  tops  of  the 
vats,  toother  with  a  portion  of  the  beer,  is  conveyed  by  drains  formed  between 
every  double  row  of  vats,  to  cisterns  formed  to  receive  it  The  beer  which  is 
thus  carried  over  is  replaced  by  a  fresh  quantity  from  a  small  reservoir  on  a 
level  with  the  large  fermenting  square,  and  the  liquor  is  maintained  at  the  same 
level  in  all  the  fermenting  vats  by  means  of  a  ball  cock.  When  the  fermentation 
in  the  vats  has  ceased,  the  beer  is  in  some  establishments  received  into  cisterns 
of  wrought  stone,  built  at  some  depth  below  the  surface,  in  which  the  beer  is 
left  to  meUow ;  in  others  it  is  pumped  into  immense  vats,  the  heads  of  which 
are  cwered  with  sand  to  the  depth  of  a  foot,  to  preserve  them  air-tight 

BRICK.  A  kind  of  factitious  stone,  made  of  a  fatty  earth  formed  into  a 
parallelogram  about  4  inches  broad  by  8  or  9  inches  in  length,  bv  a  wooden 
mould,  and  then  baked  or  burnt  either  in  a  kiln  or  a  clamp,  to  serve  the  purposes 
of  building.  Bricks  appear  to  have  been  used  for  architectural  purposes  at  a 
very  remote  period,  as  we  learn  from  the  Scriptures  that  the  Israelites  were 
employed  to  make  bricks  in  Egvpt ;  and  some  of  the  most  durable  of  the  Greek 
and  Roman  monuments  which  have  come  down  to  us,  are  wholly,  or  in  great 
part,  constructed  of  this  material.  In  the  East  they  bake  their  bricks  in  the 
flun;  the  Romans  used  them  crude,  only  leaving  them  a  long  time  in  the  air  to 
dry,  about  four  ^or  five  years.  In  modem  times,  brickmakin?  is  no  where  carried 
to  greater  perfection  than  in  Holland,  where  most  of  the  floors  of  the  houses, 
and  frequently  the  streets,  are  paved  with  excellent  and  very  durable  bricks. 
Loam  and  marl  are  in  England  considered  the  best  materials  for  bricks.  The 
former  is  a  natural  mixture  of  sand  and  clay,  which  may  be  converted  at  once 
into  bricks;  marl  is  a  mixture  of  limestone  and  clay  in  various  proportions. 
Hie  neighbourhood  of  London  is  remarkably  adapted  for  the  making  of  bricks, 
the  soil  of  the  whole  surrounding  country  being  clay  at  a  certain  depth,  gene- 
rally below  a  bed  of  gravel,  and  the  bottom  of  the  Thames  yielding  the  sand 
which  ia  used  in  this  manufacture ;  but  great  practical  carelessness  seems  to 
pervade  the  whole  business  as  conducted  there.  The  following  is  a  description 
of  the  process  as  it  is  usually  conducted  around  the  metropolis :  The  earth  is 
dug  up  in  the  autumn,  and  suttered  to  remain  in  a  heap  until  the  next  spring, 
that  it  may  be  well  penetrated  by  the  air,  and  particularly  by  the  winter  frosts, 
which,  by  pulverising  the  more  tenacious  particles,  greatly  assists  the  operations 
of  mixing  and  tempering.  In  makin?  up  this  heap  for  the  season,  the  soil  and 
ashes,  or'  sand,  are  laid  in  alternate  layers  or  strata,  each  stratum  containing 
such  a  thickness  as  the  stifihess  of  the  soil  may  admit  or  require.  In  tempering 
the  earth,  much  judgment  is  required  as  to  the  quantity  of  sand  to  be  thrown 
into  Uie  mass,  for  too  much  renders  the  bricks  heavy  and  brittle,  and  too  little 
leaves  them  liable  to  shrink  and  crack  in  the  burning.  The  addition  of  sea- 
coal  ashesy  as  practised  about  London,  not  only  makes  it  work  easy,  but  saves 
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fuel,  ai  wh«n  the  mixture  is  afterwards  sufficiently  heated  these  bricks  are 
chiefly  burned  by  the  fUel  contained  in  the  day.  When  the  brick-makinff 
season  arrives,  the  heap  is  dug  up,  the  stony  particles  carefblly  removed,  and 
the  mass  properly  tempered  by  a  thorough  incorporation  and  intermixture  of 
the  materials,  with  the  addition  of  as  litUe  water  as  possible,  so  as  to  form  a 
tough  viscous  paste.  If,  in  this  operation,  too  much  water  be  used,  the  paste 
will  become  almost  as  dry  and  brittle  as  the  soil  of  which  it  is  composed.  In 
order  more  effectually  and  regularly  to  mix  the  loam  and  ashes,  it  is  now 
generally  performed  in  a  sort  of  mill,  named  a  pug  mill.  This  consists  of  a 
large  tub  or  tun,  fixed  perpendicularly  in  the  ground,  and  having  an  upright 
bar,  fitted  with  kiiives,  placed  obliquely.  The  upright  bar  is  turned  by  a  hori- 
zontal  lever,  to  which  a  horse  is  attached,  and  the  soil  beinff  put  in  at  top,  i^, 
by  the  revolution  of  the  knives,  forced  through  a  hole  in  the  side  of  the  tub 
near  the  bottom,  whence  it  is  removed  to  the  mould  table,  which  is  placed  under 
a  movable  shed,  and  is  strewed  with  dry  sand.  A  girl  rolls  out  a  lump  some- 
what larger  than  the  mould  will  contain.  The  moulder  receives  this  lump  ttom 
the  girl,  throws  it  into  his  mould  previously  dipped  in  dnr  sand,  and  with  a  flat 
smooth  stick  about  8  inches  long,  kept  for  the  purpose  m  a  pan  of  water,  he 
strikes  ofl*  the  overplus  of  the  soil ;  he  then  turns  the  brick  out  of  the  mould 
Upon  a  thin  board  rather  larger  than  the  brick,  upon  which  it  is  removed  by  a 
boy,  who  places  it  on  a  light  barrow  of  a  particular  construction,  which  being 
loaded  with  a  certain  number  of  bricks,  they  are  sprinkled  with  sand,  and 
wheeled  to  the  hacks.  The  hacks  for  drying  are  each  wide  enough  for  two 
bricks  to  be  placed  edgeways  across,  with  a  passiure  between  the  heads  for  the 
admission  of  the  air,  to  facilitate  the  circulation  of  which  the  bricks  are  usually 
laid  in  an  angular  direction.  The  hacks  are  usually  carried  eight  bricks  high; 
the  bottom  bricks  at  the  ends  are  usually  old  ones.  In  showeiy  weather  the 
hacks  must  be  carefully  covered  with  wheat  or  rye  straw,  unless  sheds  or  roofr 
be  built  over  the  hacks,  as  is  done  in  some  parts  of  the  country,  but  in  London 
this  is  impracticable,  from  the  very  great  extent  of  the  grounds.  In  fine 
weather  the  bricks  will  be  ready  for  turning  in  a  few  days,  in  doing  which  they 
are  reset  more  open  than  at  first,  and  in  six  or  eight  days  more  they  will  be 
ready  for  burning.  In  the  vicinity  of  London  bricks  are  commonly  burned  in 
clamps.  In  building  the  clamps,  the  bricks  are  laid  after  the  manner  of  arches 
in  'the  kilns,  with  a  vacancy  between  every  two  bricks  for  the  fire  to  plav 
through.  The  flue  is  about  the  width  of  a  brick,  carried  straight  up  on  both 
sides  for  about  three  feet ;  it  is  then  nearly  filled  with  dry  bavins  or  wood,  on 
which  is  laid  a  covering  of  sea  coal  and  cinders  (or,  as  they  are  termed,  hreexe) ; 
the  arch  is  then  overspanned,  and  layers  of  breeze  are  strewed  over  the  damp, 
as  well  as  between  tne  rows  of  bricks.  When  the  clamp  is  about  six  feet 
wide,  another  flue  is  made  in  every  respect  similar  to  the  first  This  is  repeated 
at  every  distance  of  six  feet  tliroughout  the  clamp,  which,  when  completed,  is 
surrounded  with  old  bricks,  if  there  be  any  on  the  grounds,  if  not,  with  some 
of  the  driest  of  the  unbaked  ones  reserved  for  the  purpose ;  on  the  tojp  of  all,  a 
thick  layer  of  breeze  is  laid.  The  wood  is  then  kindled,  which  sets  fire  to  the 
coal ;  and  when  all  is  consumed,  which  will  be  in  about  twenty  or  thirty  days 
if  the  weather  be  tolerable,  the  bricks  are  concluded  to  be  suffidently  burned. 
To  prevent  the  fire  burning  too  furiously,  the  mouths  of  the  flues  are  stopped 
with  old  bricks,  and  the  outside  of  the  whole  damp  plastered  with  clay ;  and 
against  any  side  particularly  exposed  to  the  rain,  &c.  screens  are  laid,  made  of 
reeds  worked  into  frames  about  six  feet  high,  and  of  a  width  to  admit  of  being 
moved  about  with  ease.  This  is  the  mode  of  manufacturing  the  ordinary 
descriptions  of  bricks ;  but  the  superior  sort,  termed  washed  malms  or  marls, 
are  tempered  with  greater  care  and  attention.  For  this  purpose  a  circular 
recess  is  built  about  four  feet  hish,  and  from  ten  to  twelve  feet  diameter,  paved 
at  bottom,  with  a  horse  wheel  placed  in  its  centre,  from  which  a  beam  extends 
to  the  outside  for  the  horse  to  turn  it  by.  The  earth  is  then  raised  to  a  level 
with  the  top  of  the  recess,  and  forms  a  platform  for  the  horse  to  walk  upon. 
Contiguous  to  the  recess  a  well  is  formed  for  supplying  the  recess  with  water, 
which  is  raised  by  a  pump  worked  by  the  horse  wheel.    A  harrow  made  to  fit 
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the  interior  of  the  recess,  thick  set  with  long  iron  teeth,  and  well  loaded,  is 
chained  to  the  beam  of  the  wheel  to  which  the  horse  is  harnessed.  The  soil 
prepared  in  the  heap  in  the  usual  manner  b  brought  in  barrows,  and  distributed 
regwarly  round  the  recess,  and  a  quantitjr  of  chalk  is  added,  and  a  certain 
portion  of  water;  and  the  hone  being  set  m  motion,  drags  the  harrow,  which 
lorces  its  way  into  the  soil,  admits  the  water  into  it,  and  by  tearing  and  sepa- 
rating the  particles,  not  only  mixes  the  ingredients,  but  also  afibrds  an  opportunity 
for  stones  and  other  heavy  matters  to  fall  to  the  bottom.  Fresh  clay,  cnidk,  and 
water,  continue  to  be  added  until  the  recess  is  full.  On  one  side  of  the  recess, 
and  as  near  it  as  possible,  several  hollow  square  pits  are  prepared  about  18 
inches  or  2  feet  deep.  The  soil,  reduced  to  a  kind  of  liquid  paste,  is  discharged 
from  the  recess  by  a  sluice,  and  conveyed  by  wooden  trougns  to  this  pit.  In 
these  pita  the  fluid  soil  diffuses  itself,  settling  of  an  equal  thickness,  and  remains 
until  wanted  for  use,  the  superfluous  moisture  being  drained  or  evaporated  away 
by  exposure  to  the  atmosphere.  The  remainder  of  the  process  is  Ae  same  as 
for  the  common  sort  of  bricks.  In  the  country,  bricks  are  always  burned  in 
kilns,  whereby  much  waste  is  prevented,  less  fuel  is  consumed,  and  the  bricks 
are  more  expeditiously  burned.  A  kiln  is  usually  13  feet  long^  by  1 0  feet  6  inches 
wide,  about  12  feet  in  height,  and  will  burn  20,000  bricks  at  a  time.  The  walls 
are  about  14  inches  square,  and  incline  inwards  towards  the  top.  The  bricks 
are  set  on  flat  arches,  naving  holes  left  between  them  resembling  lattice  work. 
The  bricks  beine  set  in  the  kiln,  and  covered  with  pieces  of  broken  bricks  or 
tiles,  some  wood  is  put  in  and  kindled  to  dry  them  gradually ;  this  is  continued 
till  the  bricks  are  pretty  dry,  which  is  known  by  the  smoke  turning  from  a 
darkish  to  a  transparent  colour.  The  burning  then  takes  place,  and  is  efifected 
by  putting  in  brush-wood,  furze,  heath,  faf gots,  &c.  ,*  but  before  these  are  put 
in,  the  mouths  of  the  kiln  are  stopped  with  pieces  of  brick  called  sJnnlog^  pued 
one  upon  another,  and  closed  over  with  wet  brick  earth.  This  shinlog  is  carried 
just  high  enough  to  leave  room  sufficient  to  thrust  in  a  faggot  at  a  time ;  the 
fire  is  then  made  up,  and  continued  till  the  arches  assume  a  whitish  appearance, 
and  the  flames  appear  through  the  top  of  the  kiln,  upon  which  the  fire  is 
slackened,  and  the  kiln  cooled  oy  degrees.  This  process  is  continued,  alternately 
heating  and  slackening,  till  the  bricKs  are  thoroughly  burned,  which  is  usually 
in  the  space  of  forty-eieht  hours.  Many  attempts  have  been  made  of  late 
years  to  supersede,  by  tne  aid  of  machinery,  a  portion  of  the  manual  labour 
now  employed  in  the  manufacture  of  bricks ;  ana  although  only  the  most  recent 
of  the  machines  invented  for  this  purpose  have  been  found  to  answer  in  practice, 
several  of  them  arc  worthy  of  notice.  The  engraving  on  the  following  page  repre- 
sents Messrs.  Choice  and  Gibson's  brickmakmg  machine,  a  a  a  a  is  an  upnght 
frame,  with  cross  beams  at  top  and  bottom ;  6  c  are  two  vertical  shafts,  carrying  two 
horizontal  spur  wheels  d  ana  e,  the  teefh  of  which  take  into  one  another;  these 
are  put  in  motion  bv  the  horse  shaft  f,  or  any  other  convenient  power.  Near 
the  bottom  of  the  shaft  6  is  fixed  a  large  cast  iron  collar  ^,  having  three  deep 
mortices;  into  each  of  these  the  end  of  an  iron  arm  h  is  fitted,  with  a  bolt 
passing  through  them  to  form  a  centre,  as  in  a  hinge  joint  To  the  other 
extremity  of  each  of  the  arms  h  is  firmly  fixed,  b^  screw-bolts,  a  cast-iron  mould 
box  i,  having  three  divisions  for  three  bricks,  m  which  work  three  stocks  or 
fiJse  bottoms,  having  upright  bolts  passing  through  holes  in  the  top.  By  the 
revolution  of  the  shaft,  these  mould  boxes,  with  their  arms,  are  successively 
carried  up  and  over  the  risers  kkk,  which  form  circular  curves  in  the  plan, 
and  appear  so  in  the  perspective,  but  are  in  reality  inclined  planes.  At  /,  near 
die  bottom  of  die  shah,  is  a  smaU  bevelled  wheel,  which  actuates  a  pinion  fixed 
on  the  spindle  of  the  drum  wheel  m  that  passes  under  the  floor  of  the  machine; 
an  endless  strap  passing  round  the  drum  m,  and  another  placed  at  the  required 
distance,  continually  carries  the  bricks  forward  to  their  destination  as  fast  as 
they  are  made,  and  deposited  upon  it  o  is  a  crank  o^  lever,  attached  by  a 
joint  to  the  framing,  as  shown,  at  the  upper  end  of  which  is  fixed  a  roller ;  by 
the  revolution  of  £e  wheel  above  the  three  circular  bars  or  cams  rrr,  attached 
to  the  wheel,  successively  act  upon  the  roller,  and  depress  the  crank  o,  which 
first  raises  the  rod  and  weight  9,  and  afterwards,  as  soon  as  the  crank  is  relieved 
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of  the  pmiure,  allowi  it  to  drop  and  ttrike  iIm  mnild  buM,  b^  which  Ui« 
bricki  «re  discharged  out  of  them.  <  ia  ft  box  of  «Mt  iron,  eontuning  wat«r, 
into  which  the  mould  boxei  dip  |  <  b  •  muhioD,  ^pon  which  tbej  Dest  fmll  in 
lucceuion,  bjr  nhicb  the  (npemuoiu  watar  is  taken  off;  and  j  is  a  box  of  dry 
•and,  into  which  the  mould  bozei  afterward!  fall,  their  nirfaeei  becominfr  in 
eoniequence  aUgbtlj  coated  with  land  previoui  to  beeoraing  charged  with  dBy. 
The  hotiiontal  wheel  »  worked  by  d  aeluatei  the  abaft  e  bearing  the  knirea  in 
the  pug  mill.  At  the  lower  end  of  the  ihafl  e  ia  filed  the  large  circular  revidving 


bottooi  plate  •,  the  periphery  of  which  being  faniiabed  with  teeth. or  cogs,  h 
ahowD,  take  into  the  teeth  of  a  circular  rerdvine  plate  v,  over  whiob,  aa  the 
mould  box  paaaes,  the  lower  nir&ce  of  the  bricb  becomei  amoothed.  At  c  ia 
a  amsU  frnme,  working  up  and  down  in  a  caiing,  with  a  pulley  and  eaunter* 
balance  weight,  like  a  ush  window ;  it  is  railed  by  the  crank  jr  aa  eacb  montd 
box  paiaea,  when  three  little  hoards  are  placed  acnaa  the  Irantc  by  a  boy,  for 
dM  raceptioa  of  the  bricks,   ff  ben  these  ai*  deposited  by  the  meaM  described, 
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the  frame  drops  below  tbe  level  of  Uie  endleas  •ti'ap  n ;  tbe  latter  then  receives 
them,  and  carries  them  off  to  their  destination.  At  a  is  fixed  a  flat  box,  which 
acts  as  a  gauge  to  recukte  the  thickness  of  the  stratum  of  clay  revolving  upon 
the  bottom  plate  n  of  the  pug  mill.  The  operation  of  this  machine  is  as  follows : 
the  day  being  worked  in  the  ordinary  manner  through  the  pug  mill,  it  passes 
out  at  the  mouthi  (not  shown,  being  on  the  opposite  side,)  from  thence  under  a 
flap  which  partlv  regulates  the  quantity  on  the  bottom  pUte,  and  next  under 
the  gau^e,  which  determines  it  precisely.  A  mould  box  having  passed  over  Uie 
highest  melined  plane  or  riser  k  first  falls  on  the  stratum  of  clay,  and  chops  out 
three  bricks,  fiUine  the  moulds  therewith  by  the  false  bottoms  rising  up  to  the 
determined  point  from  the  pressure  of  the  clay  against  them  ;  the  moulds,  with 
the  bricks  in  them,  then  shde  over  the  polishing  plate  r,  (which  is  kept  wet  by 
water  constantly  dripping  upon  it  from  a  tub) ;  from  thence  the  moulas  pass  on 
to  the  frame  x,  when  the  weight  q  strikes  against  the  protruded  bolts  of  the 
false  bottoms,  and  pushes  out  the  oricks  upon  the  boards  on  the  frame ;  the 
frame  then  descends  two  or  three  inches  by  their  weight,  and  delivers  the  boards 
upon  the  endless  strap,  which,  being  constantly  in  motion,  carries  the  bricks 
away  to  be  deposited  on  the  hacks.  The  mould  box  being  discharged  is  then 
carried  upon  its  roller  up  the  first  riser  >t,  drops  into  the  water,  thence  rises  again, 
falls  upon  the  cushion,  next  into  the  sand  box,  whence  ascending  again,  the 
highest  inclined  plane  being  duly  prepared,  it  falls  again  upon  the  bottom  plate 
of  the  pug  mill,  and  chops  out  three  more  bricks,  during  which  period  each 
mould  box  has  operated  in  a  similar  manner. 

We  shall  now  proceed  to  describe  the  brick-making  machinery  invented  by 
Mr. Leahy,  and  erected  by  him  for  the  Patent  Brick  Company;  it  is  represented 
in  the  accompanying  figure,  a  is  the  main  horiiontal  shaft  in  direct  commu- 
nication with  the  steam  engine  or  other  first  mover ;  &  is  a  hopper-formed  vessel, 
technically  termed  tbe  pug  mill,  in  which  the  clay  and  other  materials  are  tem- 
pered and  mixed  up:  it  is  for  this  purpose  furnished  with  cross  iron  bars,  or 
blades  of  steel;  part  of  these  are  firmly  fixed  to  the  hcUow  vertical  shaft  c,  and 
the  remainder  bolted  to  the  sides  of  the  pug  mill,  and  they  are  so  arranged, 
that  those  fixed  to  the  shaft  cut  in  as  they  revolve  between  the  others.  The 
clay  is  delivered  into  the  hopper  or  pug  mill  by  an  endless  chain  of  buckets  (in 
the  same  manner  as  ballast  is  raised  In  the  Thames) ;  it  \b  then  cut  up  and 
tempered  by  the  knives  and  bars  in  the  pug  mill,  and  gradually  descending,  it  falls, 
or  rather  is  forced  by  the  superincumbent  pressure  upon  the  circular  inclined 
plane  d^  which  consists  of  a  single  thread  or  spiral  turn  of  a  very  large  screw, 
occupjdnff  the  whole  internal  space  of  the  lower  cylindrical  end  of  the  mill, 
where  it  is  exhibited  in  section.  This  screw  or  circular  inclined  plane  is  fixed  to 
the  central  shaft  passing  longitudinally  the  hoUow  shaft,  and  a  slow  reversed 
motion  is  given  to  it,  by  means  of  an  intermediate  wheel  acting  upon  pinions  in 
the  up^r  part  of  the  frame.  The  blades  on  the  hollow  shsA,  revolve  in  the 
pug  mill  at  the  rate  of  fifteen  turns  in  a  minutei  grinding  and  dividing  the 
materials  much  more  completely  than  in  the  ordinary  mode  of  brick-making.  In 
this  attenuated  state  the  matenals  are  forced  upon  the  circular  inclined  plane  of 
the  screw,  and  as  this  slowly  revolves  in  a  contrary  direction  at  the  rate  of  five 
turns  in  a  minute,  it  takes  hold  of  the  clay  (by  a  peculiar  adaptation  not  easily 
described),  and  forces  it  out  of  the  mill,  m  a  very  compact  state,  into  a  recep- 
tacle below :  of  this,  one  side  is  always  in  immediate  contact  with  the  moulds, 
and  tiiose  two  sides  which  are  at  right  angles  to  the  former  side  are  closed  by 
iron  cheeks,  between  which  the  lever  or  forcing  flap  n  acts  by  pressure,  and, 
fitting  closely,  prevents  the  escape  of  the  clay,  so  that  it  can  only  pass  into  the 
moulds.  These  moulds  are  placed  round  the  periphery  of  a  circular  firame  e 
made  of  flat  iron  rings,  fried  upon  bars  or  spokes,  and  turning  upon  a  fixed 
shaft.  There  are  twenty-five  of  these  mouldii^^  hoses  in  one  cuxle ;  but  as  the 
frame  t  may  be  of  any  breadth,  it  may  contain  twice  twenty-five  or  thrice 
twenlT-five  on  the  circumference  of  the  cylinder,  provided  that  the  en^ne  is 
ci^iabie  of  aflbrdine  sufficient  power  or  force  to  cut  or  mould  so  many  bncks  at 
each  revolutiota.  Each  moulding  boK  is  furnished  with  a  falsa  or  movable 
bottom,  to  which  rods  are  attached,  for  the  porpoae  of  pushing  out  the  brick 
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when  moulded,  and  d/iwing  luck  the  boUom  la  ib  place*  to  receiie  a  freih 
portion  of  the  clay.  The  manner  in  which  theie  operatioDi  are  performed  ii 
eitreroely  timple  and  iogenjoua.  The  endi  of  each  of  the  moiildine-baz  roda 
are  bent  at  tight  anglei,  and  an  eccentric  piece /i>  lo  fixed,  that,  a«  tne  mouldi 
revolve,  and  at  the  moment  that  the  Buiface  of  each  ia  covered  by  being  in 


bricka  lolid  and  compact,  a  powerful  preaure 


the  flap  forcer  n,  to  which  a  backward  and  forward  motion  i*  given  by  the 
lAnulinff  of  a  rod  attached  to  b  revolving  crank.  The  moulding  boxee,  imme- 
diately they  are  thus  filled,  are  mibjected  alternately  to  the  action  of  a  Heel 
■craper,  which  levels  and  imootha  their  aurface,  and  ii  made  lo  operate  by  the 
preunire  of  ipringi.  The  bricka,  now  completely  formed  and  faat  in  their 
moulda,  paai  downwards  in  their  revolution,  which  brings  the  endi  of  the  rodi 
under  the  operation  of  a  cylindrical  roller,  with  groovei  made  round  it  at  equal 
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distances ;  into  these  grooves  the  ends^of  the  rods  siiccessivelv  pass,  which  in 
their  revolution  force  out  the  rods,  and  thereby  push  out  the  bricks  from  the 
moulds  on  to  boards  placed  underneath  to  receive  them.  ^The  bricks  thus  made 
are  carried  forward  to  the  hacks  or  drying  house,  upon  an  endless  web  or  chain 
1 1,  to  which  a  continued  motion  is  communicated  by  the  revolution  of  the  two 
polygonal  drums  or  wheels  k  k  placed  at  the  requisite  distance  asunder.  The 
upper  part  of  the  engraving  snows  a  side  elevation  of  the  machine,  and  the 
lower  part  a  section  of  it ;  and  although  these  views  serve  to  give  a  general 
idea  of  the  construction  of  the  apparatus,  it  has  been  impracticable  to  show  the 
gearing  by  which  the  several  motions  are  produced ;  we  will  therefore  attempt 
to  describe  it  as  follows :  Upon  the  horizontal  shaft  a  (which  makes  2^  revolutions 
per  minute,)  is  fixed  a  tootned,  bevelled  wheel,  which  drives  a  bevelled  pinion  on 
an  upright  shaft  (not  shown)  ;  nearly  at  the  top  of  this  a  spur  wheel  is  fixed, 
whicti  works  into  a  pinion  fixed  upon  the  upper  end  of  the  hollow  shaft  c, 
which  carries  the  knives  or  blades  in  the  pug  mill.  Upon  the  upper  end  of  this 
upright  shaft  is  also  fixed  a  pinion,  which  works  into  an  intermediate  pinion 
turning  upon  an  axis.  This  intermediate  pinion  acts  upon  another  pinion 
affixed  to  the  internal  shaft,  communicating  a  slow  and  reversed  motion  to  it,  and 
also  the  circular  inclined  plane  affixed  to  it ;  at  the  lower  end,  on  the  main  hori- 
zontal shaft,  is  fixed  a  spur  wheel  m,  which  gives  motion  to  the  crank  and  to  the 
flap  forcer  connected  to  it.  o,  in  the  separate  figure,  gives  the  form  of  the 
shelves  comprising  the  drying  apparatus,—- Mr.  Leahy  proposing  to  dry  bricks 
either  by  flues  or  hy  steam,  instead  of  ranging  them  in  hacks  exposea  to  the 
variations  and  inclemences  of  the  weather, — ^by  which  means  it  is  presumed  that 
the  bricks  will  be  rendered  dry  enough  for  burning,  either  in  kilns  or  clamps, 
in  a  much  shorter  time  than  in  the  common  method,  and  the  process  may  be 
carried  on  in  winter  as  well  as  in  summer.  If  drying  by  flues  be  resorted  to, 
a  drying  house  must  be  furnished  with  proper  stages,  and  shelves  must  be  pro- 
vided. Around  and  across  the  lower  part  of  these,  flues  framed  either  of  bncks 
or  cast  iron  are  to  be  placed,  through  which  flame  or  heated  air  is  to  be  conveyed. 
In  drying  by  steam,  the  vapour  is  conveyed  from  the  boiler  through  cast  iron 
pipes  throughout  the  dr}'ing  house,  and  boards  are  arranged  upon  stages  (similar 
to  those  in  the  separate  figure),  so  as  to  leave  intervals  between  the  rows  of 
bricks,  and  to  preveht  their  touching  one  another. 

Nath*i  Patent  Brick-making  Machinery.  This  invention,  which  we  have 
now  to  describe,  is  the  only  one  we  believe  that  has  y6t  been  brought  into  suc- 
cessful operation ; — owing  probably  to  the  circumstance  of  the  patentee  (who  is 
a  large  tde  and  brick  manufacturer  at  Market  Rasen,  in  Lincolnshire,)  having 
perseveringly  applied  that  intimate  knowledge  of  his  art  which  can  only  be 
acquired  by  long  practical  experience.  The  leading  features  of  Mr.  Nash's 
mechanism  consist  in  the  application  of  separate  or  detached  moulds  of  a  par- 
ticular construction  to  a  series  of  mould  boxes,  which  are  consecutively  brought 
into  action,  in  the  employment  of  heaters,  placed  in  contact  with,  or  contiguous 
to,  the  fresh  bricks,  during  the  process  of  their  being  moulded ;  and  in  lieu  of 
sand,  which  is  generally  used  to  prevent  the  adhesion  of  the  bricks  to  the 
moulds,  employing  elastic  absorbent  substances,  such  as  cloth  saturated  with 
water.  In  the  subjoined  engravings.  Fig.  1  represents  a  front  elevation,  and 
Iig,  2  an  end  elevation  of  the  principal  parts  of  the  machine.  A  vertical  shaft 
a  a  made  to  revolve  in  the  cylmder  or  pug  mill  b  by  any  adequate  force  acting 
upon  the  bevelled  wheel  c.  A  number  of  broad  steel  or  iron  blades  d  d  d  are 
attached  to  the  ahafi  a,  their  surfaces  beinfi"  set  at  such  an  angle  as  will  cause 
them  during  their  revolution  to  pass  neariy  in  contact  with  the  edges  of  two 
other  sets  of  knives  e  e  e  fixed  on  opposite  sides  of  the  cylinder,  by  which 
means  the  clay  and  other  materials  with  which  the  mill  is  charged  are  tempered 
and  amalgamated,  and  then  forced  into  the  hopper  /,  fixed  to  the  lower  extre- 
mity of  the  pug  milL  This  hopper  u  divided  into  two  equal  chambers  by  a 
vertical  blade  or  knife,  which  separates  the  materials  into  equal  portions,  which 
are  supplied  to  Uie  moulds  in  a  compact  state.  The  moulds  are  lodged  in 
rectangular  cavities  at  equal  distances  in  the  periphery  of  two  polygonal  drums 
g  h;  these  cavities  are  marked  1  to  12,    To  one  face  or  side  of  tiie  drums  are 
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■tUded  two  toothed  wheali,  geutug  into  each  other  to  u  ta  icroln  In  Mipoiitc 
dtreetioiM  irlian  motion  ii  commiuiicttod  to  cme  of  them.  Theia  wheels  lying 
at  th«  back  of  Hg.  1  cannot  be  wen,  but  on*  of  them  ii  ehewn  at  ■  in  Fig.  £ 
M,  afto  Ming  filled  with  the  plaitio  material,  are  puihcd  out  from  their 


rMeNNbjmei 
paraHel  rods  fi: 
a  thort  rod,  a  c 


I  of  piatotii  it  mm,  ea&l;  fitting  the  reeeiwt,  and  eliding  upon 
:d  to  the  linu  of  each  drum.  To  ench  piiton  ii  attached,  bf 
■■  head,  tlidtng  upon  the  parallel  rods,  and  having  at  each  end 
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nti-fHetion  wlmli  p  p,  which,  bj  the  motion  eiTeii  to  the  machinery, 
a  contact  with  a  larger  wheel  g  placed  eccentncalljr,  which  thut  raiaei 


the  initoDt,  and  the  roouldi  which  lie  upon  them  are  then  removed  hy  hand  ani) 
emptied.    During  thii  latter  proceu  the  emptied  mould  Teceifer  will  Mve  pasted 
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over  the  centre  of  tlie  eccentric  wheel  a,  and  the  piiton  will  be  dE>cend[ng  when 
the  Bttendnnt  placea  [he  emptied  mould  in  iti  former  situation,  to  be  filled  again 
from  the  hopper  as  it  pauei  under  it.  Between  each  of  the  rectangular  mould 
boxei  are  lormed  a  series  of  wedge-sbaped  boxes,  termed  by  the  patenleei 
"hollow  sectors,"  into  each  of  which  is  placed  a  red-hot  irOQ,  the  object  of  which 
ia  to  expel  the  superfiuoug  moisture  from  the  newly-foimed  biick,  &c  in  order 
that  tlie  manufactuie  may  he  conducted  in  the  winter  as  well  as  the  summer. 
ThesB  irons  are  heated  in  the  kiln  fire*.  The  axes  of  the  polygonal  drums 
revolve  in  pUimmer-blocks,  supported  upon  a  strong  frame  i ;  but  as  the  poly- 
gonal dnims  revolve  in  close  contact,  the  plum mer -blocks  are  free  to  slide  in 
grooves  in  the  frame,  and  the  wheels  are  kept  in  contact  by  (lie  action  of  strong 
helical  springs  t,  which  press  against  the  plummer-blocks,  the  other  end  of  the 
■      '  '    ■'        " "    of;  and  underneath, 

_ ,  3  place  by  a  spiral 

ing),  which  separates  the  whole  or  a  portion  of  the  superfluous  materials 
irom  each  mould,  as  the  latter  passes  over  the  edge  of  the  former.  As  aotns 
redundancy  of  material  may  still  be  lell  oiler  the  operation  of  the  kuife  u, 
the  exposed  surface  of  the  moulds  in  motion  undergoes  a  similar  treatment 
from  two  other  knives  d  r,  fixed  to  tlie  foundation  plate  v  of  the  machine.  A 
trough  or  cistern  k  k  contoinbg  water,  is  placed  under  each  of  the  drums,  the 
lowest  sides  of  which  come  in  contact  with  a  cylinder  t/,  covered  with  strong 
coarse  cloth  at  other  suitable  absorbent  substance,  which,  ai  it  revolves,  takes  up 
the  water  and  delivers  it  to  the  moulds,  as  before  mentioned.  These  cylinders 
are  mounted  on  elastic  bearings,  and  derive  their  motion  from  pinions  on  their 
axes,  actuated  by  the  toothed  wheels  on  the  dnima.  In  the  centre  of  the  foun- 
dation plate  there  is  a  cavity,  or  pit,  for  the  reception  of  the  superfluous  clay  or 
other  materials,  which  are  removed  at  pleasure.  The  pug  miil  has  a  door  in  it, 
for  the  convenience  of  cleaning  it  out  when  requisite  ;  and  the  whole  of  the 
upper  part  of  the  machine  is  supported  by  tltfee  columns  z  z  a.  Tlie  polygonal 
drums  are  driven  by  a  set  of  wliet;ls  lying  at  the  back  of  Fig.  1,  and  therefore 
in  that  figure  shown  by  dotted  circles,  yo.  1  is  a  band  wheel,  wliich  drives  the 
rest ;  it  is  affixed  to  one  of  the  columns,  and  has  a  pinion  2  attached  to  it,  that 
drives  a  larger  wheel  3,  running  louse  on  the  shafl  of  one  of  the  drums.  This 
last  propels  another  large  wheel  4,  fixed  on  the  shait  of  the  other  drum,  gearing 
into  each  other;  tliey  are  driven  round  together,  but  in  opposite  directions. 
Since  our  drawings  of  this  machine  were  taken,  we  understand  that  the  patentee 
has  made  some  improvements  in  the  arrangement  of  his  driving  wheel,  which 
renden  the  action  of  tlie  parts  very  steady  ajid  uniform.  In  case  of  negligence 
on  the  part  of  the  bovs,  or  other  attendants  of  the  machine,  in  not  removing  the 
bricks  or  tiles  after  the  moulds  containing  them  have  passed  the  centre  of  the 
eccentric  wheel,  they  fall  bock  into  their  former  position,  and  pass  round  to  the 
place  of  delivery,  *a  before,  without  any  damage  whatever  being  done  to  the 
machine.  Having  explained  the  general  arrangement  and  operation  of  the 
machine,  there  remains  to  be  described  the  construction  of  the  detached  moulds. 
Fig.  3  represents  t,  «de  view,  and  Fig.  4  on  end  view,  of  one  of  these.   The  end* 

Fig.  3. 


of  the  mould  IS,  IS,  aremadeof  wood,  plated  at  the  edges  with  iron,  and  fastened 
on  hj  acrews,  as  seen  in  Fig.3.  The  bottom  19  is  also  of  wood,  but  cased  in  a 
strong  frame  of  cast  iron,andatits  two  extremities  arejointed  to  the  ends  18,  18, 
so  as  to  open  only  a  little  way,  for  allowing  the  brick  to  separate  Areely  from  it 
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upon  mTertJDff  tlie  mould.  This  effect  is  fadliCaled  bj  limug  the  interior  of  tha 
mould  with  cloth,  vhich,  although  conitanCly  in  a  vet  itate,  admits  air  to  pa» 
through  its  interaticci  when  the  clay  is  forced  into  the  mould,  to  that  when  the 
brick  ia  afterwardB  forced  out,  the  moisture  of  the  cloth,  and  the  spring  of  the 
confined  »ir,  deliTera  the  brick  uniTonnly  clean,  without  the  adhesion  of  any 
day.  It  will  be  observed  that  the  two  ends  18  of  the  mould  hare  each  a 
cavity  ;  these  cavitiei  receive  the  GnEen  of  the  workioan  when  he  takes  hold 
of  the  mould,  which  he  afterwards  inverts,  drswiog  back  the  ends  IS  at  the 
instant,  and  pressing  with  his  thumb  upon  the  screw  heads  21  21,  the  other  ends 
of  which  are  attached  to  a  plate  22  underneath  the  cloth  lining  of  tha  bottom, 
aa  shown  by  dots,  causing  the  brick  to  be  immediately  disengaged.  The  two 
aides  of  the  brick  not  included  in  the  detached  mould  are  formed  by  the  par^ 
tition  between  the  mould  boxes  and  (be  hollow  sectots.  Tha  forms  and  dimen- 
sions of  the  detached  moulds  are  varied  according  to  tlie  nature  of  the  article* 
to  be  produced  therefrom.  For  adapting  the  machine  to  make  tiles,  or  other 
articles  of  a  greater  length  than  a  brick,  two  movable  blocks,  which  usually  lie 
inside  the  hopper,  to  contract  ita  lower  dimensions,  are  taken  ouL  In  [he 
making  of  dram  tiles,  and  other  articles  having  cavities  within  them,  jointed 
horaes  or  cores  are  employed  i  (he  plastic  matter  ii  forced  around  them  by  the 
BctioQ  of  the  mocfame  in  the  same  manner  as  in  forming  a  brick,  and  the  sub- 
sequent operations  are  also  the  same,  except  that  in  tha  removal  or  delivery  of 
such  tiles  from  their  moulds,  suitable  adaptations  are  made  to  prevent  their  being 
pressed  or  even  touched  by  the  hand.  The  annexed  Fh.  S  exhibits  another 
arrangement  employed  by  Mr.  Nash  for  making  flat  (dies,  flooring  tiles,  Stc. 
of  any  required  breadth  and  thickness.     This  cut  only  represents  the  lower 
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part  of  the  machine,  the  tipper  being  the  same  as  in  the  previonsly  described 
amtaratus.  To  the  bottom  of  the  pug  mill  is  fixed  a  fimnel-shaped  hopper  23, 
the  matetiub  in  which,  after  being  forced  through  a  mouth  24,  formed  of  the 
required  shape,  are  received  Jipon  boards  25,  and  when  cut  lo  Ihe  proper  length, 
are  removed  to  sheds  for  drying.  In  order  to  eqiialite  the  surioce  of  the  clay 
alter  it  has  come  out  of  the  hop}wr,  a  roller  26  turning  in  bearings  on  a  curved 
arm,  which  is  fixed  to  a  hinge  joint,  gives  tj  tlie  material  any  pressure  that  may 
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be  required,  by  loadmg  it  accordinglj.  The  doited  linee  27,  27  in  the  eame 
figore,  exhibit  another  fuonel-iihapod  hopper,  for  the  porpoee  of  makinjg^  nipet 
or  tttbei,  hy  meant  of  a  eentre  core  28,  between  which  and  the  cjlindncal 
continuation  of  the  hopper,  the  material  is  forced  by  the  action  of  the  pog  mill, 
and  produce!  a  tube,  which,  after  haying  made  a  certain  lengtii  of,  ia  eut  off,  the 
tube  being  turned  round,  to  render  the  ineide  emooth  preriooelT  to  its  being 
removed.  The  patentee  states  that  thb  machine  may  be  used  witn  either  one  or 
two  horse  power ;  diat  when  used  with  one  horse  power,  the  product  b  about  700 
per  hour,  or  8000  per  day ;  to  do  which  requires  the  sen  ices  of  two  men  and 
eight  boys,  occasioning  an  expense  not  exceeding  two  shOUngs  and  sixpence 
per  1000.  With  two  horse  power  employed,  the  production  is  double,  or  18^000 
per  day;  but  the  quality  of  the  bricks,  which  the  editor  has  seen,  is  equal  to 
those  which  are  usually  finished  by  grinding  the  surftoes  by  hand.  The  saving 
of  labour  in  the  production  is  about  two  shillings  per  1000;  but  the  quali^ 
rendering  them  wcffth  five  shillings  per  1000  more  in  the  market,  the  advantage 
of  making  by  the  machine,  where  good  bricks  are  required,  is  equal  to  seven 
ahiUinn  per  1000. 

BRIDOE.  A  structure  with  one  or  more  transverse  apertures,  raised  for 
the  convenience  of  passing  a  river,  canal,  valley,  ftc,  and  formed  of  various 
materials,  as  timber,  stone,  iron,  Arc.  It  is  highly  probable  that  the  first  bridges 
were  composed  of  lintels  of  wood  stretching  nom  bank  to  bank,  or,  if  this  were 
impracticable,  resting  on  piers  or  posts  fixed  in  the  bed  of  the  river;  and  in 
Chma  many  considerable  structures  of  this  kind  are  stiU  to  be  seen.  As 
experience  showed  the  defects  of  these  early  attempts,  improved  modes  of 
construction  naturally  followed.  In  a  strong  current,  the  firequent  pien  or  posts 
necessaiy  for  the  support  of  lintels,  would,  by  contracting  the  water  way,  increase 
it  to  a  torrent,  obstructive  of  navigation,  and  ruinous  to  the  piers  tnemselves. 
In  constructing  bridges  over  rapid  rivers,  it  would,  therefore,  be  found  essential 
to  their  stability  that  the  openings  between  the  supporters  should  be  as  wide  as 
possible,  and  every  facility  given  to  the  free  passage  of  the  water;  and  as  this 
could  only  be  effected  by  arohes  or  trusses,  there  can  be  no  doubt  that  these 
inventions  were  perfected  before  bridges  became  common.  The  moot  ancient 
bridges  which  we  know  of,  aro  the  work  of  the  Romans,  unlesa  we  except  some 
of  the  stone  bridges  in  China,  with  whose  antiquity  we  are  unacanainted;  some 
of  these  latter  are  turned  on  arches  in  the  usual  manner,  and  otneis  built  with 
stones  from  5  to  10  feet  in  length,  so  cut  as  each  to  form  the  segment  of  an  arch. 
The  Roman  bridges  generally  consisted  of  a  horixontal  road,  supported  on  one 
or  more  semicircular  arches.  Of  the  bridges  of  antiquitjr,  that  imilt  by  Truan 
across  the  Danube  is  allowed  to  have  been  the  most  magnificent.  It  is  aescribed 
b^  Dion  Cassius  as  consisting  of  twenty  piers  of  squared  stone,  each  of  them 
rising  120  feet  above  the  founoationsy  60  feet  in  width,  with  a  water  way  between 
eveiT  two  of  170  feet,  which  was  consequently  the  span  of  the  arch,  so  that  the 
whole  length  of  the  bridge  was  nearly  1,500  ^ards.  ft  was  destroyed  bv  Adrian, 
lest  it  should  afford  a  passage  to  the  barbarians  into  the  empire,  and  some  of 
the  piers  are  still  to  be  seen  near  the  town  of  Warkel,  in  Hungair.  Hie  next 
considerable  Roman  work  of  this  kind  is  the  Pont  du  Garde,  which  serves  the 
double  purpose  of  a  bridge  over  the  Gardon,  and  an  aqueduct  for  supplying  the 
people  of  Nismes  with  water.  The  bridge,  which  consists  of  six  arches,  is  465 
feet  in  length,  and  supports  a  second  series  of  eleven  arches,  which  are  con- 
tinued beyond  the  extremities  of  the  bridge,  and  form  a  junction  with  the  slope 
of  the  mountain  on  each  side ;  it  is  about  780  feet  long.  Over  these  is  a  third 
series  of  thirty-five  arches,  much  smaller  than  those  below,  850  feet  in  length, 
supporting  a  canal  on  a  level  with  two  mountains,  along  which  the  water  is 
conveyed  to  Nismes  by  a  continued  aqueduct  This  extraordinary  edifice  ia 
built  with  very  large  stones,  held  together  by  iron  cramps  without  cement,  and 
remains  in  excellent  preservation  to  the  present  day.  The  whole  height  is  190 
feet  above  the  lower  river.  We  mav  also  briefly  notice  the  bridge  df  St  Esprit, 
near  Lyons,  which  is  of  Roman  ongin,  and  is  800  yards  in  length;  it  is  veiy 
crooked,  and  bends  in  several  places,  forming  many  unequal  angles  in  those 
parts  where  the  river  has  the  strongest  current    The  bridge  over  the  Tajo,  at 
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Valenia  de  Alcantara,  about  25  miles  from  Madrid,  built  in  the  time  of  Trajan, 
is  raised  200  feet  above  the  water,  is  670  feet  in  length,  and  consists  of  only  six 
arches.  Near  the  old  town  of  Brionde,  in  the  departeient  of  the  Upper  Loire,  is 
a  stupendous  bridge  of  one  arch,  the  largest  with  which  we  are  acquamted.  The 
spui  of  the  arch  is  181  feet ;  its  greatest  height  from  the  level  of  the  water  to  the 
intradoe  68  feet  8  inches ;  and  Uie  breadth  13.  It  is  attributed  to  the  Romans. 
The  following  are  amongst  the  most  celebrated  bridges  of  modem  date :  The 
brid^  of  Avignon,  over  the  Rhone,  begun  in  1176,  and  finished  in  1188.  It 
consisted  of  eighteen  arches,  and  was  about  1000  feet  in  lensth.  It  was  destroyed 
by  a  violent  inundation  of  the  Rhone  in  1699 ;  many  <n  the  ruinous  decayed 
ttches  still  remain.  The  Rialto,  at  Venice,  was  besun  in  1588,  and  finished  in 
1591,  after  a  desi^  of  Michael  Angelo  Bonarotti.  It  consists  of  a  bold  flat  arch, 
nearlv  100  feet  wide,  and  only  23  leet  in  height  from  the  level  of  die  water.  The 
aqueduct  bridge  of  Alcantara,  near  Lisbon,  begun  in  1713,  and  finished  in  1732, 
consists  of  Ihirty-five  arches,  of  various  dimensions ;  the  eighth  is  the  grand 
arch,  which  is  108  feet  5  inches  in  the  span,  and  227  feet  in  neiffht ;  the  other 
arches  run  from  21  feet  10 inches  to  72  feet  in  width;  the  total  length  of  the 
piers  and  arches  is  2464  feet  The  bridge  of  Neuilly,  which  crosses  the  Seine, 
built  between  the  years  1768  and  1780,  by  M.  Perronet  It  is  level  on  the  top, 
and  consists  of  &9e  equal  arches,  128  feet  (English),  with  a  rise  of  32  feet 
(English).  The  arches,  which  are  elliptic,  are  composed  of  1 1  arcs,  or  cirdes, 
of  different  diameters.  The  upper  portion  of  the  arch  was  formed  with  a  circle 
of  160  feet  radius,  but  after  removing  the  centres,  became  flattened  to  an  aro 
of  a  drcle  of  259  feet  radius,  the  rise  of  the  curve  in  a  length  of  33  feet 
amounting  to  no  more  than  6  inches.  The  bridge  of  Orleans^  over  the  Loire, 
built  by  M.  Uupean,  between  the  years  1750  and  1760.  It  comprises  nine  oval 
arches,  described  from  three  centres  which  spring  at  12  inches  sioove  low  water. 
The  centre  arch  is  106  fieet  span,  with  a  rise  of  30  feet ;  the  others  gradually 
decrease  in  width  as  they  approach  the  shores.  The  whole  length  of  £e  bridge 
is  1,100  feet.  We  shall  now  proceed  to  notice  some  of  the  most  remarkame 
bridges  in  our  own  country,  beginning  with  those  of  the  ^atest  antiquit|r.  The 
Gothic  triangular  bridge  of  &oyland,  in  Lincolnshire,  is  supposed  to  be  the 
most  ancient  structure  remaining  entire  in  this  country,  and  for  singularity  of 
construction  and  boldness  of  design  may  vie  with  any  bridge  in  Europe.  It 
was  erected  about  the  year  860,  and  is  formed  by  three  semicircles,  whose  bases 
stand  in  the  circumferences  of  a  circle,  equidistant  from  each  other,  and  imitinff 
at  top.  The  ascent  on  either  side  of  the  semicircular  arches  is  by  steps  paved 
with  small  stones,  and  so  Steep  that  foot  passengers  only  can  go  over  the  bridge. 
The  first  bridee  over  the  Thames  at  London  was  of  wood,  and  was  built  in  Uia 
reign  of  Ethelred  II.,  between  the  years  993  and  1016 ;  in  1163  it  was  xepairedt 
or  rather  rebuilt  of  timber ;  and  in  1 176  the  late  stone  bridge  was  begun  under 
Henry  II.,  and  was  finished  in  the  reign  of  John,  a.d.  1209.  It  had  originally 
twenty  small  locks  or  archee.  The  le^th  was  940  feet,  the  height  44,  and  the 
clear  width  between  the  par^ts  47  feet  In  1758  the  bridge  underwent  a 
very  extensive  repair,  and  two  of  the  centre  arches  were  thrown  into  one.  The 
piers  were  from  15  to  35  feet  thick,  with  enormous  starlings  projecting  on  each 
side,  BO  that  when  the  tide  was  above  the  starling  the  greatest  water  way  was 
only  540  feet,  scarcely  hidf  Uie  breadth  of  the  nver ;  and  when  the  water  was 
below  them,  the  water  wav  became  reduced  to  204  feet,  causing  a  most  dan- 

Srous  fell  at  low  water.  In  1823  further  repairs  having  become  necessary,  and 
e  obstructions  wluch  the  old  bridge  opposed  to  the  navigation  of  the  river 
becoming  the  sulject  of  much  complaint,  an  Act  of  Parliament  was  obtained 
for  the  ooDstruQtion  of  a  new  bridge,  of  which  we  shall  presently  eive  a  fiill 
account  The  longest  bridge  in  £]gland  is  that  built  by  Bemara,  abbot  of 
Burton,  over  the  Trent,  at  Burton,  in  the  twelfth  century.  It  is  all  of  squared 
five-stone,  is  strong  and  lofty,  and  is  1545  feet  in  len^tn,  consisting  of  thirty- 
four  arches.  One  of  the  most  extraordinary  bridges  m  Great  Britain  is  that 
over  the  Taaf,  in  Glamorganshire,  called,  in  Welsh,  Pof^V  Hf  P^dd,  built  by 
William  Edwards,  an  uneducated  mason  of  the  country.  Two  bridges  which  be 
had  constructed  at  the  same  spot  had  failed;  the  first,  after  standing  2|  years. 
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had  been  carried  away  by  a  sudden  and  extraordinary  rise  of  tbe  Taaf,  swelled 
by  heavy  rains  and  considerable  tributary  streams ;  the  second  fiiiled  in  con- 
seauence  of  the  ponderous  work  over  the  haunches  forcing  out  the  key  stones 
before  the  parapet  was  finished.  Undismayed  by  these  misfortunes^  Edwards 
resumed  the  attempt,  and  by  means  of  cylindrical  holes  through  the  haunches, 
so  reduced  their  weight,  that  there  was  no  longer  any  danger  from  them ;  and 
the  third  bridge,  which  he  completed  in  1751,  has  stood  ever  since.  The  present 
bridge  consists  of  a  single  arch  of  140  feet  span,  and  35  feet  high,  being  a  seg^ 
ment  of  a  circle  of  175  feet  diameter.  In  eacn  haunch  there  are  three  cylindrical 
openings  running  through  from  side  to  side.  The  diameter  of  the  lowest  is  9 
feet,  of  the  next  6  feet,  and  of  the  uppermost  3  feet  The  width  of  the  bridge 
is  about  11  feet  To  strengthen  it  horizontally,  it  is  made  widest  at  the  abut- 
ments, from  which  it  contracts  towards  the  centre  by  seven  offiets,  so  that  the 
roadway  is  1  foot  9  inches  wider  at  the  extremities  than  in  the  middle.  The 
bridge  over  the  Thames  at  Westminster,  was  constructed  by  Mr.  Labalye.  It  is 
1,220  feet  long,  and  44  feet  wide,  and  consists  of  thirteen  large,  and  two  small 
arches.  The  span  of  the  centre  arch  is  76  feet,  that  of  the  next  is  4  feet  less ; 
and  in  the  others  it  goes  on  progressively  decreasing  4  feet  in  each,  except  the 
two  small  arches,  which  are  25  feet  each.  The  arches  are  semicircular,  and 
spring  from  about  2  feet  above  low  water  mark,  leaving  a  free  water  way  of 
870  &et  It  was  opened  to  the  public  in  1750,  and  cost  218,800/.  Blackfriars 
bridge  was  planned  and  built  by  Mr.  R.  Mvlne,  between  1760  and  1771.  It  is 
999  feet  long,  and  43  feet  6  inches  wide,  and  has  9  elliptical  arches.  The  centre 
arch  is  100  feet,  and  the  four  arches  on  either  side  decrease  gradually  towards 
the  shore,  being  98,  93,  83,  and  70  feet  resnectively,  leavinff  a  clear  water  way 
of  788  feet  Tne  cost  of  erection  amountea  to  152,840/.  Numerous  neat  ana 
elegant  stone  bridges  have  since  been  erected  in  various  parts  of  Great  Britain 
and  Ireland.  Of  these  we  shall  briefly  mention  the  Tees  bridge,  at  Winston, 
in  Yorkshire,  consisting  of  a  sinele  arch  of  108  feet  span,  designed  by  Sir  T. 
Robinson ;  one  at  Kiln,  of  five  dliptical  arches,  of  72  feet  span  each ;  and  the 
aqueduct  bridge  on  the  river  Lune,  consisting;  of  five  arches  of  70  feet  span, 
both  by  Mr.  Kennie;  Essex  bridge,  Sarah's  bridge,  and  Carlisle  bridge,  each 
over  the  I<iffey;  that  at  Aberdeen,  designed  by  Mr.  Telford;  and  another, 
over  the  Dee,  by  the  same  gentleman.  But  the  most  magnificent  structure 
of  the  kind  in  this  country,  and,  possibly,  in  Europe,  is  thgt  across  the 
Thames,  nearly  midway  between  Blackfriars  and  Westminster  bridges,  named 
Waterloo  bridge.  The  project  for  a  bridge  at  this  part  of  the  river  originated 
with  Mr.  G.  Dodd,  about  the  year  1805,  but  from  the  opposition  made  by 
various  parties  whose  interests  were  afiected  by  the  scheme,  it  was  not  until 
June  1809  that  an  Act  of  Parliament  was.  obtained,  incorporating  a  company 
for  carrying  the  idea  into  effect ;  and  Mr.  Rennie  having  been  appointed  engi- 
neer to  the  company  in  June,  1810,  he  furnished  two  designs,  one  of  seven, 
and  the  other  of  nine  arches,  the  latter  of  which  was  finally  approved  by  the 
committee,  and  ordered  to  be  put  in  execution.  This  noble  oridge  has  a 
level  roadway,  and  contains  nine  elliptical  arches,  each  having  a  span  of  120 
feet,  and  a  rise  of  35  feet,  leaving  a  clear  height  of  30  feet  above  high  water 
spring  tides,  and  forming  a  water  way  of  1080  feet.  The  length  of  the  bridge 
between  the  abutments  is  1380  feet,  and  its  width  between  the  parapets  42 
feet  4  inches.  The  roads  or  approaches  to  each  end  of  the  pier  are  70  feet 
wide  throughout,  except  just  at  the  entrance  from  the  Strand,  and  are  carried 
over  a  series  of  semicircular  brick  arches  of  16  feet  span  each.  Tbe  approach 
on  the  Surrey  side  is  formed  by  thirty-nine  of  these  arches,  besides  an  ellip- 
tical aroh  of  26  feet  span,  over  the  Narrow-Wall  road,  and  a  small  embanx- 
ment  about  165  yards  long,  having  an  easy  and  gradual  ascent  of  not  more 
than  1  foot  in  34. 

The  length  of  the  brick  arches  in  the  Surrey  approach  is      766  feet. 

Ditto Strand  approach    .      310 

Length  of  bridge  between  the  abutments 1380 

Total  length  of  bridge  and  brick  arches  .     .     2456  feet. 


It  should  be  mentioned  as  a  proor  of  the  excellent  manner  in  which  tbii 
noble  tinieture  haa  been  execated,  that  od  removing  the  centering,  the  greatcit 
tettlement  did  not  exceed  1^  inch,  which  is  unprecedently  tmall  in  archea 


of  such  great  ipan.  We  ahall  nmr  proceed  to  notice  the  New  London 
bridge,  erected  bj  the  prcacnt  Mr.  John  Rennie,  front  the  design  of  the  late 
Mr.  Rennie,  his  father,  who  died  shortly  before  the  work  was  commenced. 
According  to  the  original  plan,  the  new  bridge  was  to  have  bten  built  on  the 
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rite  of  the  old  one,  but  the  corporatioii  of  London  decided  thtt  the  bridge 
tbonld  be  built  180  feet  higher  up  the  stream.  Tlie  bridge  waa  also  made  6 
feet  wider,  and  the  abutment  arcnes  carried  2 
feet  higher  than  in  the  original  design.  The 
foundations  of  the  bridge  were  laid  in  coffer 
dams,  and  the  first  pile  for  the  dam  of  the 
south  pier  was  laid  March  15,  1824.  As  the 
works  proceeded,  it  was  found  expedient  that 
two  of  die  small  arches  of  the  old  bridge,  on  each 
ude,  should  be  thrown  into  one,  to  compensate 
for  the  additional  obstruction  which  the  works 
occasion  to  the  navigation  of  the  rirer.  This 
was  effected  with  such  skill,  that  the  usual 
traffic  was  never  once  interrupted  during  the 
operation,  the  heaviest  carriages  pasring  over 
the  bridge,  and  vessels  passing  through  it, 
with  the  same  fiunlity  as  Wore;  whilst  such 
was  the  promptitude  and  despatch  used,  that 
the  whole  operation  only  occupied  six  weeks. 
The  en^ving  on  page  267,  with  the  following 
description,  inll  explain  the  manner  in  which 
the  alteration  was  effected.  The  roadway  was 
first  boarded  in  and  taken  up  one  half  at  a 
time,  and  a  space  cleared  away  for  the  recep- 
tion of  a  transverse  iron  sirder  A.  A  set  of 
transverse  timber  principals  B  B  was  then  laid 
on  to  this  girder  from  the  extreme  piers  of  the 
two  arches,  bestriding,  as  it  were,  the  central 
pier,  which  was  to  be  removed  ;  and  these, 
mstead  of  being  placed  at  intervals  as  in  roofs, 
were  all  fixed  and  bolted  close  together  from  one 
side  of  the  roadway  to  the  other,  forming  one 
unbroken  mass  of*^  timber.  Above  the  girder 
there  was  inserted  what  may  not  be  unaptly 
termed  the  brestsummer  C,  into  which  the  pur- 
Ims  D  D  were  mortised  at  intervals  for  the 
support  of  a  substantial  planking,  on  which 
the  pavement  was  laid  as  before.  The  strength 
of  the  truss-work  was  farther  augmented  by  a 
number  of  counter-principals,  as  1,  2,  some  of 
the  struts  being  fixed  close  together,  and 
others  with  an  interval  of  one  width  between 
them.  The  bridge  itself  was  nearly  completed 
before  the  line  of  the  approaches  to  it  were 
decided  upon ;  it  was  at  length  finally  settled  that 
the  approach  on  the  London  side  should  com* 
mence  at  Cannon-street,  Eastcheap,  passing 
over  Thames-street  by  means  of  a  dry  arch, 
and  that  on  the  Borough  side  the  road  should 
form  an  inclined  plane,  supported  on  a  series 
of  brick  arches,  commencing  near  St  Thomas's 
Hospital,  with  a  large  dry  arch  facing  Tooley- 
street  On  the  1st  of  August,  1831,  the  bridge 
was  opened  to  the  public,  the  period  occupied  m 
its  erection  from  the  time  of  driving  the  first 
pile,  being  seven  years,  five  montlis,  and 
thirteen  days.  The  engraving  in  the  margin  is 
an  elevation  of  the  new  bridge ;  it  is  formed  of 
five  semi-elliptical  arches,  the  least  of  which  is  krger  than  any  other  elliptieal 
stone  arch  ever  before  erected.    The  centre  ansh  |s  152  feet  span,  with  a  rise 
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or  29  feet  6  inehe*  above  high  water  maik  i  the  two  arches  nest  the  centre  are 
140  feet  in  span,  with  a  rise  of  27  feet  6  inches;  and  the  two  abutment  arches 
are  130  feet  ipan,  with  a  ri«e  of  24  feet  6  inchea  j  tliua  the  clear  water  way  at 
all  timei  of  the  tjda  is  692  feet,  which  is  above  60  feet  more  than  the  old 
bridge  aflbrded  at  high  water  mark.  The  whole  length  of  the  bridge  from  the 
eitremitiea  of  the  abutments,  ii  928  feet ;  within  the  abutments,  782  feel ;  and 
the  width  between  the  parapets  iaSS  feet  The  engraving  represents  the  new  bridge. 
Towards  the  cloae  of  the  eighteenth  centutj  some  bridges  were  erected,  the 
arches  of  which  were  constructed  entirely  of  cast  iron.  The  honour  of  thii 
invention  is  due  to  this  country,  and  theGJit  of  these  structures  was  the  bridge 
orei  the  Severn,  at  Colebrook  Dale,  erected  by  Mr.  Darby,  in  1779.  Some 
yetrt  after  (about  1790,)  the  celebrated  Thomas  Paine  had  one  constructed  at 
the  same  place,  which  he  intended  for  America,  and  which  wal  put  together 
in  a  meadow  near  that  place ;  hut  be  not  being  able  to  pay  for  it,  it  was  token 
down,  and  part  of  the  materials  were  employed  in  the  construction  of  the 
Sunderiand  Bridge,  erected  by  Mr.  Burdon  over  the  river  Wear, 


1795-61  Parrel,  at  Brid^ewater,  1796;  Staines  (twice  failed),  1800;  Tees,  at 
Vamt  (failed)  ;  Boston,  m  Lincolnshire ;  New  River  at  Bristol  (two)  ;  Vaux- 
hall  Bridge,  over  the  Thames;  but  the  most  celebrated  of  these  etnictures  U 
the  magnificent  one  over  the  Thames,  called  the  Soulhwark  Bridge,  desigtied 
and  erected  by  the  late  Mr.  Rennie.  This  noble  bridge  consists  of  three 
circular  arches  of  cast  iron,  supported  by  piers  of  granite ;  the  centre  arch  is 
of  250  feet  tpen,  and  the  tide  arches  210  feet  each.  The  pien  arc  24  feet 
thick.  The  bridge  is  718  feet  lone  between  the  abutments,  and  42  wide 
between  the  parapets.  There  is  a  dry  arch  over  the  road  on  the  Southwark 
Hde.  The  work  was  begun  in  1814,  and  completed  in  1824.  The  auoexed  cut 
is  a  view  of  the  centra  arch. 


Iron  AupeMton  Bridget  were  in  use  in  Europe  at  the  time  of  Scamoni,  the 
ucbitact,  who  mentions  them  in  his  work  Dtl  Idea  Archi,  1615 ;  but  the 
knowledge  requisite  to  determine  the  properties  of  thia  kind  of  bridge  was  not 
published  till  the  time  of  Bemouilli,  Suspension  bridges  are  described  as 
existing  in  various  parti  of  Asia,  Africa,  and  America,  EefOTe  this  species  of 
eonslmctioii  began  to  be  practised  in  Europe.  The  first  chain  bridge  erected 
in  England  is  supposed  to  be  that  over  the  Tees,  forming  a  communication 
between  the  counties  of  Durham  and  York.  Since  that  time  the  number  of 
these  Biruclures  has  been  increasing,  some  of  which,  in  size  and  magnificence, 
exceed  any  thing  of  the  kind  in  the  known  world.  Of  these,  the  most  cele- 
brated is  the  one  recently  erected  over  the  Straits  of  Menai,  by  Mr.  Telford. 
The  brit^e  consists  of  one  opening  of  560  feet  between  the  points  of  suspentiou, 
and  100  feet  in  height  between  the  high-water  line  and  the  under  side  of  the 
road- way,  which  is  horitontal.  In  addition,  there  are  four  arches  on  the  western 
nde,  end  three  on  ibe  easttm  tide  of  the  main  opening,  each  of  50  feet  span. 
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The  rondwayt  centiit  of  [wo  cwriago  way*,  encli  12  fest  in  bnadth,  with  a  foot- 
path of  4  feet  between  them,  lo  that  the  platform  ii  about  30  feet  in  breadth. 
The  whole  is  lUBpencted  by  perpendicular  iron  rods,  from  four  linea  of  itronK 
cablea  of  malleable  iron,  piuaing  over  a  pyramidal  support  or  pier,  at  each  end 
of  the  main  opening,  the  vened  line  of  the  ciirvc  being  37  feet,  or  about  4  of 
the  chord  line  or  span.  The  weight  df  the  bridge  between  thepoinli  of  suapension, 
including  the  weight  of  the  cables,  ii  489  tons,  and  the  (uapending  power  being 
calculal«l  at  2,016  ton*,  leaves  a  diipoiable  force  of  l,li74  tons  to  meet  any 
tiress  the  bridge  may  be  exposrd  to.     The-iron  bar  suspension  bridge  erected 


orer  the  Thames  at  Hammetvmiih,  is  inferior  only  in  ma^itude  to  the  one  ju«t 
descrihed.  It  was  designed  and  executed  by  Mr.  T.  Clarke,  civil  engineer,  and 
was  opened  for  public  use  in  August,  1837.  Tbe  above  cut  F^.  1,  represents 
a  perspective  view,  and  Fig.  2  an  elevation  of  the  bridge,  and  aome  of  the 
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details  of  its  construction.'    This  bridge  ooonftts  of  tiro  sutpenuon  |Mers  or 
towers,  built  in  the  river,  having  an  opening  of  400  feet  between  them.     On 
'  the  opposite  shores  are  two  strong  abutments,  over  which  a  nearly  level  road- 
way passes  through  archways 
in  the  suspennon  towers.   It  is 
suspended    by  four    lines    of 
strong  chains,  hanging  in  curves 
from  the  abutments  over  thd 
towers,  and  down  between  them, 
the  roadway  being  supported 
from  them  by  vertical  rods.  The 
principle  of  construction  is  as 
follows :    D  D  F^.  3,  are  the 
suspension  chains,  which  con- 
sist of  bars  of  iron  5  inches  deep 
by  1  in  thickness;   these  are 
10  feet   in   length,   and  con- 
nected together,  as  shown  in 
the  plan  beneath,  by  plates  of 
iron  having  a  strong  bolt  passing 
through  them,  and  turned  at  the 
ends;   these  saddle  pieces  are  placed  ten  feet  asunder,  and  are  so  arranged 
that  those  in  the  upper  chain  are  not  immediately  over  those  in  the  lower 
chain,  but  over  the  middle  space  between  each  two  on  the  lower  chain.     From 
each  saddle  piece  in  each  of  the  chains  hangs  a  suspending  rod  C  C,  H  inch 
thick,  so   that    they  are   5  feet  t'ig-^- 

asunder.  The  suspending  rods  are 
furnished  with  a  joint  where  they 
are  inserted  into  the  opening 
between  the  chains  or  plates,  ena- 
bling them  to  accommodate  them- 
selves to  any  extraordinary  weight 
on  the  bridge.  At  the  height  of 
about  40  feet  from  the  roadway, 
the  chains  pass  through  the  ma- 
sonry of  the  archways  before  men- 
tioned, and  over  friction  rollers, 
and  are  secured  to  the  ballast  ^Ates  Fig.  4,  which  are  sunk  to  a  considerable 
depth  behind  the  abutments.  The  roadway  consists  of  transverse  beams  in  two 
thicknesses,  4)  by  12  inches,  with  an  interval  of  2  J  inches  between  them ;  these 

Fig.  5 


are  fastened  at  the  bottom  by  keys  to  strong  iron  plates ;  along  each  side  of  the 
bridge  extends  a  pair  of  strong  beams,  which  are  firmly  bolted  to  the  flooring 
joists;  this  connexion  is  shown  at  £  £,  Fig.  3.    The  roadway  of  the  brioge  is 


372 


BRIDGES. 


•lightlj  raised  tovardi  the  centre  of  iha  river,  uid  the  whole  ii  boarded  Uat- 
gitiidinoily  with  3-inch  plankt,  u  shewn  at  Fig.  S,  with  ■  nntd]  ipace  between 
each  to  prevent  any  water  from  icttling  on  the  bridge.  There  are  two  parra 
of  chains  un  each  side  of  the  bridge;  the  inner  pair  consiata  of  lii  links  or  ban, 
and  the  out«r  of  only  lliree,  as  represented  in  Fig.  5.  The  total  length  of  tlw 
bridge  ia  as  follows: — 

The  central  a[Kniiig     . 40(1     3 

The  two  suspension  towers,  each  S2  feet  44     0 

The  opening  on  the  Surrey  side 145     0 

The  opening  on  the  Middlesex  side     .     ...  11311 

The  two  abutments,  each  45  feel 90    0 

Total 822     8 

The  towers  are  4  B  feet  high  above  the  level  of  the 
roadway,22(eetwide,and42feetbroad.  Theroad- 
way  ia  16  feet  above  the  water,  and  consists  of  a 
carriage-way  12  feet  wide,  and  two  foot-paths,  each 
4feet  ivide.   The  versedsineof  ihecurve  of  thesus'    | 
pending  chains  is  29.6.     Several  bridges  on  the    ^ 
suspension  principle,  composed  of  iron  wire,  have 
also  been  erected,  and  on  a  small  scale  will  no 
doubt  answer;  but  if  of  great  extent,  the  vibr»-    : 
tion  becomes  so  great  as  to  render  them  unsafe.    • 
Some  of  these,  instead  of  being  susoended  from    . 
chains  hanging  in  a  curve  between  their  pomts  of   { 
auspenaiun,  are  supported  by  diagonal  braces,  pro-     I 
ceeding    direct   from    the   supporting   towers   to    i 
different  parts  of  the  platform  forming  the  road-    i 
way.     The  wire  bridge  of  Dryburgh,  which  waa    ' 
constructed  in  this  manner,  liad  one  of  its  largest 
radiating  chains  broken  off  at  the  point  of  suspen- 
sion, by  some  mischievous  persons  shaking  it  vio- 
lently.    Shortly  aiUr  it  was  repaired,  a  high  wind 
Sain  broke  the  chains,  and  completely  destroyed 
3  bridge.     From  the  evidence  of  many  persons,     . 
it  appeared  that  in  this  gale  the  vertical  motion  of 
the  bridge  waa  equal  to  its  lateral  motion,  and  waa 
sufficient  to  precipitate  a  person  into  the  river. 
The  bridge  has  been  since  replaced  by  one  on  the 
Catenarian  principle.     At  Vienna  there  has  been 
erected  a  steel  suspension  bridge  over  the  Danube.    . 
The  span  is  234  feet,  and  the  versed  sine  15  feet    J 
It  ia  the  work  of  M.  Ignace  Von  Mitii,  who  calcu- 
lates that  the  total  weight  of  steel  is  lets  than  half   . 
the  weight  of  iron  which  would  be  necessary  for   j 
a  bridge  of  the  same  dimensions. 

A  model  of  an  iron  suspension  bridge,  upon  a 
new  eoiutruction,  was  exhibited  in  the  year  1829 
It  was  constructed  by  Mr.  Motttey  as  a  design   ^ 
for  ■  bridge  across  tlie  Thames,  from  Scotland   i 
Yard,  on  Che  Middlesex  side,  to  the  King's  Arms,    i 
on  the  Surrey  shore.      Tlie  annexed   design  for 
ao    ornamental    bridge    for    parks   or  pleasure-   ' 
grounds,  will  serve  to  explain  the  nature  of  Mr.    '      _ ,-   .i 
MotUey's  plan,  which  consists  in  a  combination  of  {     h^ljl 
the  prmciplea  of  tension  and  compression.     The    "   '■^^^~^-* 
arch  represented  by  the  curved  line  is  confined 
between  two   parallel   lines,   and  those  lines  are 
connected  together  by  vertical  ban,  to  which  the   I 


■Tch  U  infUsibly  attached,  and  the  pamllel  linei  or  ban  also  iofledbl^  jointed, 
and  the  whole  combined  by  strong  bolti  at  the  top  and  bottom  of  every  vertical 
bar,  rendering  it  a  skeleton  of  a  trussed  beam;  thus  affordinK  an  opportunity  at 
haviog  two  paths  actots  a  river,  the  lower  one  of  which  maybe  used  aa  carnage 
way,  and  the  upper  may  serve  for  a  footway  or  promenade.  This  second  floor 
i«  not  an  absolutely  necessary  part  of  the  structure ;  but  if  it  be  not  adopted,  it 
will  be  needM  to  have  diagonal  braces  placed  horizontally  to  itiKn  the  upper 
[»rt.  By  this  mode  of  conatractiaD,  it  will  be  seen  that  the  strew  or  pmssun 
instead  of  acting  upon  the  highett  point  of  the  itiucture  (as  in  the  ca»e  of 
bridges  where  the  main  chains  pan  over  lo%  towers)  ezerta  ita  force  at  the 
lowest  point,  vii.  at  the  springing  of  the  supporting  arch,  whilst  the  piera  have 
only  to  suDport  the  vKiglU  of  the  bridge,  the  ihnut  being  counteraeted  by  tie 
bars,  which  connect  the  two  extremities  of  the  arch. 

The  accompanvin^  engraving  repreaenta  a  portion  of  a  bridge,  or  of  a  jetty, 
supported  upon  fioatuig  piers,  as  propoied  by  Hesars.  Delafona  aad  Littlewort, 


for  ntuattoni  whera  the  water  i«  too  deep  for  the  erection  of  piers,  and  where 
the  expanse  of  water  is  too  great  to  he  passed  over  bv  chains,  without  any  other 
support  than  that  at  the  abutments,  a  represents  the  river  or  channel  to  be 
CTOned ;  b  the  bed  of  the  same ;  c  the  stiapension  bridgs ;  d  one  of  the  floating 
piers,  of  which  there  may  be  any  number,  according  to  the  distance  between 
the  shores;  e  the  mooring  chains,  which  are  attached  to  the  heads  of  piles 
driven  perpendiculorlv  into  the  earth.  The  piers  ore  supported  upon  rows  of 
properly  constructed  boats,  whoae  buoyancyis  sufficient  to  bear  the  weight,  that 
IS,  without  their  being  submerged  at  low  water ;  and  these  boats  are  confined  in 
this  ntuatiou  by  the  mooring  chains.  By  this  arrangement,  when  the  tide 
rises,  the  piera  cannot  ascend  and  lift  the  bridge,  which  would  be  the  ease  were 
the  boats  not  tied  down  to  the  extreme  point  of  low  water,  while  the  bridge  is 
lupported  by  their  buovancv  in  either  case.  The  machinery  by  which  the  piles 
may  be  driven  at  coniiderahle  depths  under  water,  forms  the  subject  of  a  patent 
taken  out  hy  Messrs.  Delafons  and  Littlewort. 

The  readiest,  and  probably  the  moat  ancient  material  for  the  construction  of 
laidges,  is  timber ;  and,  in  most  countries,  wooden  brideea  are  common ;  but.  in 
their  construction,  Oermany  and  America  appear  to  take  the  lead  of  all  other 
countries.  The  most  celebrated  of  these  structures  was  that  over  the  Rhine  at 
Schaffhausen,  which  was  destroyed  by  the  French  in  1799.     It  was  designed 


model  of  a  bridge  to  eonaiat  of  only  one  arch  of  361  feet  span ;  hut  the  magif 
trates  insisting  that  the  bridge  ahould,  near  ita  middle,  be  aupported  by  a 
pier,  the  remains  of  a  former  bridge  at  the  some  place,  he  seemingly  complied, 
Dut  executed  the  work  in  such  manner  aa  to  leave  it  doubtful  whether  the 
bridge  really  received  any  support  firom  the  pier.  John,  the  brother  of  Uhic, 
■bout  the  same  time  constructed  a  timber  bridge  of  ^e  same  sort  at  Kui- 
chenaw,  240feetinleiu!tl  '   "        *■  "         '  '    '  -   ■ 

Baden,  of  200  feet  in  ten 
Several  limber  bridges  w 
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and  1809,  b)r  Wiebeking.  The  widest  span  is  that  over  the  R^nitx,  at  Bam- 
berg, which  is  208  feet.  There  have  been  manv  capital  timber  bridges  con- 
structed in  America.  The  Trenton  bridge,  over  the  Delaware,  built  by  Burr  in 
1804,  is  a  segment  of  a  circle  of  345  feet  diameter,  its  chord  measuring  200 
feet,  iU  versed  sine  32  feet,  and  the  height  of  the  timbex^framing  at  the  vertex 
only  2  feet  8  inches.  That  called  the  Colossus,  over  the  Schuylkill  at  Phila^ 
delphia,  is  of  the  extraordinary  span  of  340,  and  is  the  segment  of  a  circle  of 
1405  feet  diameter ;  its  versed  sine  being  only  20  feet,  and  height  of  the  wooden 
framing  of  the  arch  at  the  vertex  only  7  feet:  it  was  finished  in  1813. 

Bridge*  of  Boaii  are  made  of  boats  composed  of  either  copper,  tin,  or  wood, 
fastened  across  the  stream  by  means  of  anchors  or  stakes,  and  laid  over  with 

eanks.  At  Beaucaire,  Rouen,  and  Seville,  are  very  fine  stationary  bridges  of 
>at8,  which  rise  and  fall  wiUi  the  tide ;  that  at  noueik  is  nearly  300  yards 
long,  and  paved  with  stone,  so  that  laden  carriages  and  horses  go  over  it  in  safety. 
Another  kind  of  bridge  of  boats  is  that  called  flying  bridges,  the  use  cf  whi^ 
is  mostly  confined  to  those  rivers  in  which  the  stream  is  luways  running  down. 
A  flying  bridge  generally  consists  of  one  or  more  jxiats,  covered  over  by  a  platform, 
and  connected  by  a  long  cable  to  an  anchor  midway  of  the  river,  and  considerably 
higher  up  the  stream  than  the  landing  place  on  either  side ;  upon  putting  the 
helm  over  to  one  side,  the  side  of  the  boat  is  presented  obliquely  to  the  stream, 
which  impels  it  across  the  river  to  the  opposite  shore.  Sometimes,  instead  of 
laying  down  an  anchor  in  the  stieam,  two  stout  shears  or  masts  are  erected, 
one  on  each  bank,  and  firmly  secured  by  guys.  A  stout  hauser  is  then  stretched 
tight  from  the  top  of  one  mast  to  the  top  of  the  other.  Upon  the  hauser  is  a 
large  iron  ring  or  grommet,  to  which  is  attached  one  end  of  the  boat  rope,  the 
other  end  of  which  is  made  fast  to  the  boat,  or  boats,  of  whicli  the  bridge  is 
composed*  By  the  action  of  the  tide  upon  the  rudder  the  boat  is  sheered 
across  the  stream,  dragging  the  grommet  along  the  hauser.    The  annexed  cut 


represents  another  species  of  flying  bridge,  which  has  been  proposed  for 
crossing  valleys,  rivers,  &c.  It  consists  of  a  strong  wire  chain,  iron  rod,  or 
cord  e  e  e,  wnich  passes  over  the  supports  o  a,  to  which  one  of  the  ends  is 
firmly  fixed  as  at/,  and  adjustable  by  tightening  screws  as  at  0;  e  is  an  endless 
cord  passing  over  the  pulleys  hh  on  the  supports  and  round  the  pulley  t,  which 
is  attached  to  a  light  car,  in  which  the  passengers  sit  The  car  is  supported  on 
tf  e 0  by  the  pulleys  hk;  it  is  attached  to  the  endless  cord  by  the  stem  k  /, 
which  is  furnished  with  two  holes  to  admit  the  cords  at  k  and  I.  These  holes 
pass  through  the  stem  at  ri^ht  angles  to  each  other,  so  that  when  the  upper 
nole  k  is  placed  in  the  direction  of  the  cord,  it  will  pass  fVeely  along  it,  while 
the  lower  hole  is  placed  across  the  cord,  and  thereby  holds  it  fast,  and  the  car 
is  dragged  along  by  it :  but  if  the  stem  be  turned  (which  may  be  done  by  the 
handle  at  /,)  the  reverse  operation  will  take  place,  and  the  vehicle  will  be 
dragged  along  by  the  upper  cord.  The  endless  cord  may  be  put  in  motion 
either  by  persons  in  the  car  turning  the  pulley  at  t,  or  by  persons  turning  the 
wheel  at  tne  station  /,  which  is  connected  by  an  endless  cnain  or  band  to  the 
pulley  b. 

BRILLIANT.    The  purest  kind  of  diamond ;  which  see. 
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BRIMSTONE.     See  Sulphur. 

BRINE.  Water  impregnated  with  saline  particles,  and  is  either  native,  as 
in  the  sea  and  in  salt  springs,  or  it  is  artificially  formed  by  dissolving  salt  in 
water. 

BRONZE.  A  mixed  metal,  consisting  chiefly  of  copper,  with  a  small  pro- 
portion of  tin,  and  sometimes  of  other  metals.  It  is  used  for  casting  statues, 
cannons,  bells,  and  other  articles,  in  all  of  which  the  proportions  of  the  ingre- 
dients vary.     See  Allot. 

BUILDING  is  the  art  of  constructing  edifices,  the  decorative  part  of  which 
has  received  the  more  imposing  name  of  Architectare.  As  the  main  design 
of  this  work  is,  however,  to  fiimish  the  most  extended  accounts  within  its 
limits  of  the  mechanism  and  manufacturing  processes  of  the  empire,  we  shall 
confine  ourselves  to  the  sketching  of  a  mere  outline  of  this  subject,  and  refer 
the  reader  to  those  works  from  which  he  may  fill  up  the  details.  The  origin  of 
all  buildings  may  be  deduced  from  the  construction  of  the  meanest  huts. 
Small  trees  tied  together  at  their  tops,  or  connected  by  poles,  and  then  covered 
with  such  materials  as  nature  most  readily  presented,  as  orushwood,  turf,  leaves, 
and  grass,  were  probably  the  primitive  habitations,  in  temperate  climates,  of 
uncivilized  man ;  indeed,  such  rude  fabrics  are  still  used  by  various  tribes  of 
Indians  of  the  present  day.  As  population  increased,  and  agriculture  improved, 
it  became  necessary  for  tne  inhabitants  of  woods  to  seek  situations  in  the  open 
country  more  favourable  to  their  occupations ;  hence  other  means  for  constructing 
their  dwellings  became  necessary;  and  finding  the  advantage  of  living  in  society, 
graduid  refinements  took  place :  amongst  these,  the  employment  of  stone  as 
a  preferable  material  to  wood  for  the  floor  and  the  roof.  By  degrees,  elegance 
succeeded  to,  and  was  combined  with,  convenience.  The  earliest  regular 
buildings  of  which  any  information  is  given,  were  erected  by  the  Egyptians. 
The  Assyrians  and  Persians  added  splendour  and  richness  to  the  architecture  of 
Egypt,  but  it  was  reserved  to  the  Greeks  to  impart  to  this  art  elec^ance  and 
symmetry ;  to  them  we  are  indebted  for  three  out  of  the  five  orders  of  architec* 
ture,  namely,  the  Doric,  Ionic,  and  Corinthian.  The  Tuscan  and  the  Composite 
orders,  which  complete  the  five,  are  rejected  by  some  writers  on  architecture, 
becaitse  they  differ  but  little  from  the  other  three.  The  Tuscan  resembles  the 
Doric  deprived  of  some  of  its  mouldings ;  and  the  Composite  differs  from  the 
Corinthian  by  the  introduction  of  the  Ionic  volute  into  its  capital.  When  about 
to  build,  choice  of  situation  is  the  first  thing  to  be  considered.  For  dwelling- 
bouses,  a  spot  should  be  chosen  sufficiently  elevated  to  be  free  from  damps  and 
noxious  vapours,  and,  at  the  same  time,  sheltered  from  the  severity  of  the 
winter  :  the  neighbourhood  of  fens  and  stagnant  waters  should,  if  possible, 
be  avoided.  It  should,  however,  be  a  spot  where  water  can  be  easily  procured ; 
where  drains  may  be  made  with  facility ;  and  where  the  principal  apartments 
may  have  the  advantages  of  southern  and  western  aspects.  The  nature  of  the 
soil  should  be  likewise  carefully  examined,  by  boring  or  sinking  wells,  in  order 
to  determine  if  a  firm  foundation  can  be  had.  The  situation  being  chosen, 
attention  to  the  various  arrangements  of  the  edifice  becomes  the  next  point  of 
consideration.  Drawings  should  be  prepared,  exhibiting  every  part  correctly  in 
plan,  elevation,  and  section ;  and  if  it  be  a  considerable  building,  a  model 
also.  The  principal  difficulty  in  architecture  appears  to  consist  m  properly 
combining  utility  with  ornament.  Of  course  in  buildings  solely  designed  for 
ornament,  as  columns,  obelisks,  triumphal  arches,  &c.  beauty  alone  should  be 
regarded.  On  the  other  hand,  in  buildings  solely  intendea  for  utility,  every 
part  ought  to  correspond  with  that  intention.  The  least  deviation  from  use, 
though  contributing  to  ornament,  is  improper,  and  very  disagreeable  to  persons 
of  correct  taste.  The  construction  of  the  drains  to  carry  off*  the  rain  and  waste 
water  should  be  the  first  proceeding ;  next,  the  foundation  for  the  walls,  in 
which  the  utmost  care  is  requisite  that  the  floor  on  which  they  are  made  to 
rest  should  be  perfectly  level  and  solid.  When  the  board  plat  is  laid,  the  first 
course  of  brick  or  stone  should  be  laid  without  mortar,  for  lime  disposes  wood 
to  rot,  that  in  some  soils  would  last  for  ages.  After  this,  all  the  courses  should 
follow  with  the  same  evenness  and  regularity.    The  thickness  of  foundations  in 


276  BUILDING. 

eeneral  ougbt  to  be  double  tbat  of  tbe  waDs  wbicb  they  haTe  to  titpport.    The 
boser  the  ground,  the  Uiicker  the  foundadon  wall  ought  to  he ;  which  mav 
be  diminished  as  it  rises,  as  well  as  the  wall  that  is  raised  above  it,  which 
diminishes  the  expense  without  reducing  the  strength.  The  doors  and  windows 
ahottld  be  proportioned  to  the  magnitude  of  the  building.    The  doors  of  dwelling- 
houses  are  unudly  from  7  to  8  feet  high,  and  from  3  to  4  feet  wide.     Builders 
consider  the  proportion  of  three  to  seven  in  snudl,  and  one  to  two  in  large  doors, 
to  he  the  most  eligible.    With  regard  to  windows,  their  number  and  sixe  should 
be  so  arranged  as  to  admit  neither  more  nor  less  light  than  may  be  requisite. 
Their  width  in  all  the  storeys  should  be  the  same ;  but  the  difierent  heights  of  the 
rooms  make  it  desirable  to  vary  their  height  also;    but  in  this  much  must 
depend  upon  the  reigning  taste  or  fashion.    The  windows  in  all  the  stories  of 
the  same  aspect  must  be  placed  exactly  over  one  another.    The  mathematical 
rule  for  apportioning  light  to  rooms  is  as  follows :  multiply  the  length  of  the 
room  by  tne  breadth,  and  multiply  the  height  by  the  product  of  the  length  and 
breadth,  and  out  of  that  product  extract  the  square  root,  which  is  the  l%ht 
required.     For  example:  suppose  a  room  to  be  36  feet  by  24,  and  15  feet  in 
height,  the  souare  root  of  tne  product  of  these  numbers,  when  multiplied  as 
described,  will  be  113  feet,  which,  divided  into  four  parts,  will  give  28  feet  3 
inches  to  each  window.    A  good  proportion  for  this  area  is  8  feet  6  by  3  feet  4, 
and  so  for  any  others  by  the  same  rules  of  proportion.     For  the  construction 
and  proportions  of  chimneys,  see  CHmyET.    The  simplest  form  of  a  roof  that 
will  resist  the  influence  of  the  weather  is  the  inclined  plane ;  yet,  independently 
of  its  want  of  symmetiy,  it  does  not  admit  of  the  greatest  strength  from  a  given 
quantity  of  timber.      The  best  figure  is  that  which  consists  of  two  inclined 
planes,  meeting  at  the  top  over  the  middle  of  the  building  in  a  ridge  or  hori- 
xontal  line.    High  pitched  roofs  being  most  suitable  to  the  pointed  architecture^ 
were  introduced  at  the  same  time,  and  form  one  of  the  most  striking  features  of 
the  Gothic  style.    This  equilateral  triangular  roof  prevailed  in  private  as  well 
as  public  buildings  till  the  introduction  of  the  Roman  style  by  the  celebrated 
Inigo  Jones,  and  the  consequent  expulsion  of  the  Gothic  architecture.    The 
chief  advantages  of  high  pitched  roofs  are,  that  thev  throw  off  the  rain  and 
snow  more  quickly ;  they  may  be  covered  with  smaller  slates,  and  are  not  so 
liable  to  be  injured  by  heavy  winds ;  while  low  roofs,  as  they  require  shorter 
timbers,  are  much  cheaper,  and  have  less  pressure  upon  the  walls.     When 
executed  with  judgment,  the  roof  is  one  of  the  principal  ties  to  a  building,  as 
it  connects  the  external  walls,  binds  the  whole  into  one  mass,  and  preserves 
it  from  the  injuries  and  decay  which  would  soon  be  occasioned  by  rain  and 
frost  Trusses  are  strong  frames  of  carpentry,  so  contrived  as  to  act  like  a  solid 
body,  and  support  certain  weights  at  given  immovable  points,  the  truss  being 
suspended  from  two  such  immovable  points;   they  are  generally  made  of  a 
triangular  form,  and  placed  at  equal  distances  on  the  wall  plates,  in  vertical 
parallel  lines,  at  right  angles  to  the  walls.   Some  excellent  examples  of  trussing, 
especially  on  the  suspension  principle,  are  given  under  the  article  Beam.     See 
also  Roof.     Various  methods  are  adopted  for  the  construction  of  floors  accord- 
ing to  the  different  bearing  of  the  timoers.     In  small  rooms  the  floors  consist 
in  general  of  single  joists,  but  in  laree  rooms  two  rows  of  joists  are  employed, 
one  supporting  the  other  above,  and  fixed  at  one  end  into  a  beam  called  the 
gpbrder,  which  is  usually  placed  transversely  in  the  middle  of  the  space ;  if  the 
sixe  of  the  room  requires  three  compartments  of  joisting,  two  girders  will  be 
needful.    The  upper  row  of  joists  is  called  bridging  joists,   and  the  lower, 
binding  joists.    Stairs  are  used  as  the  means  of  communication  to  the  different 
storeys  of  a  house,  and  the  space  in  which  they  are  enclosed  i»  called  the  stair- 
case.   The  utmost  attention  on  the  part  of  tne  builder  is  necessary  in  fixing 
the  staircase,  and  in  determining  all  its  just  proportions.    The  steps,  whether  ctt 
marble,  free-stone,  or  wood,  &c.,  may  be  supported  at  both  ends,  or  at  one  only ; 
when  the  latter,  it  is  usually  the  broadest,  though  in  small  wooden  stairs  tha 
steps  are  sometimes  made  to  project  from  a  newel,  to  which  the  narrow  ends 
are  fixed.    The  height  of  large  steps  must  never  be  less  than  6,  or  more  than 
7|  inches.    The  breadth  shotdd  not  be  less  than  10,  and  never  exceed  18 
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inches.  The  length  of  them  cannot  conveniently  be  less  than  3  feet,  or  mora 
than  12  feet  Geometrical  stairs  have  their  outer  ends  fixed  in  the  wall,  and 
the  under  edge  of  every  step  supported  by  the  edge  of  the  one  below  it.  The  upper 
part  of  the  joint  may  be  level  from  the  face  of  the  riser  to  about  I  inch  within  the 
joint ;  the  plane  of  the  tread  of  each  step  is  thus  continued  about  an  Inch 
within  the  surface  of  each  riser ;  the  lower  part  of  the  joint  has  a  narrow  sur- 
face perpendicular  to  the  rake  of  the  stair  at  the  end  next  the  newel.  Geometrical 
stairs  constructed  of  stone  depend  upon  the  following  principle : — that  every  body 
must  be  supported  by  three  points  at  least,  placed  out  of  a  straight  line;  and 
consequently,  if  two  edges  of  a  body,  in  different  directions,  be  secured,  they 
will  become  relatively  immovable ;  such  is  the  case  in  a  geometrical  stair ;  one 
end  of  the  step  is  always  tailed  into  the  wall,  and  one  edge  rests  either  on  the 
ground,  or  on  the  edge  of  the  inferior  step  or  platform.  The  methods  of 
forming  staircases  are  so  various  that  it  would  be  impossible  to  give  even  an 
intelligible  definition  of  them  that  would  be  compatible  with  our  limits ;  we 
shall,  therefore,  at  once  refer  the  reader  for  information  on  this  and  all  the 
other  departments  of  this  subject  to  The  New  Practical  Builder,  which  unques- 
tionably is  the  most  complete  modem  work  upon  this  important  art,  whether  as 
respects  the  plainest  or  tne  most  magnificent  structures. 

nuildififf  en  PisS.  An  extremely  simple,  durable,  and  economical  method  of 
building  walls,  in  very  general  use  in  the  neighbourhood  of  Lyons,  and  which 
has  been  introduced  into  this  country.  It  consists  simply  in  ramming  earth 
firmly  between  moulds  formed  of  boards  set  upon  the  ground-plan  of  the 
walls;  and  although  it  may  seem  that  buildings  erected  upon  this  plan  must 
resemble  the  mud  cabins  which  disfigure  many  parts  of  this  country,  they 
nevertheless  differ  widely  both  in  appearance  and  durability,  since  they  may  be 
made  as  neat  as  brick  buildings,  and  equally  durable,  nouses  of  150  years 
standing,  built  in  this  manner,  being  by  no  means  rare  in  France.  The  follow- 
ing instructions  for  this  mode  of  building  are  taken  from  a  paper  in  the  Tram- 
acHoru  of  the  Society  of  Arts,  Vol.  XXVI  I.  by  Mr.  Salmon,  who  has  practised 
it  to  some  extent  on  the  estate  of  the  Duke  of  Bedford,  at  Woburn.  The  only 
tools  necessary  for  building  en  pisS,  besides  the  ordinary  ones  used  in  buildine, 
are  the  moulds  and  rammers.  The  mould  consists  of  two  side  pieces,  each 
composed  of  two  planks  12  feet  long,  10  inches  wide,  1  inch  thick,  strengthened 
by  several  pieces  of  board  nailed  across  them  on  the  outside,  at  equal  distances 
apart  Holes  are  made  through  these  pieces  of  board  at  top  and  bottom,  to 
receive  iron  bolts,  which  hold  the  two  boards  parallel  to  each  other,  14  or  16 
inches  asunder,  which  is  the  thickness  of  the  walls  intended  to  be  formed 
between  them.  The  bolts  have  a  large  head  at  one  end,  and  a  key  passes 
through  the  other  to  keep  the  planks  together.  Two  boards,  equal  in  length  to 
the  thickness  of  the  wall,  are  placed  between  the  planks  at  the  ends  to  form 
the  ends  of  the  mould.  The  rammer  consists  of  a  short  staff  with  an  iron 
head,  which  should  not  be  more  than  half  an  inch  wide  on  the  edge,  in  order 
that  it  may  more  forcibly  compress  the  earth  in  every  part,  which  a  flat  rammer 
could  not  do  so  well.  In  forming  the  angles  of  a  building,  four  mould  boards 
are  requisite :  each  of  the  boards  for  the  internal  angle  have  two  eye-bolts 
through,  and  the  boards  being  set  together  at  the  proper  angle,  a  bolt  is  passed 
through  the  four  eye-bolt,  forming  a  kind  of  hinge ;  the  boards  are  retained  in 
their  position  by  an  iron  stay,  hooked  into  a  staple  in  each  of  the  boards.  The 
boards  for  the  outer  angle  are  connected  by  two  short  pieces  of  iron  projecting 
from  one  of  the  boards  which  pass  through  correspondmg  holes  in  the  sides  of 
the  other  board  near  the  end,  and  are  keyed  up  on  the  outer  side  of  the  mould. 
The  process  is  conducted  as  follows : — the  foundations  of  the  intended  building 
must  be  laid  of  brick  work,  stone  or  rubble,  and  be  carried  at  least  9  inches  abova 
the  surface  to  protect  the  pis^  from  the  rain;  the  mould  frames  are  then  set  up 
on  the  foundation  walls  and  bolted  together,  the  thickness  of  the  foundation* 
regulating  the  distance  at  bottom,  which  distance  is  maintained  at  the  upper 
part  of  the  mould  by  pieces  of  wood  cut  to  the  proper  length,  which  are  laid 
upon  tlie  upper  connecting  bolts ;  head  boards  are  also  placed  at  each  end  to 
retain  the  earth.     Loose  earth  is  then  thrown  into  the  mould  to  the  depth  of 
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about  3  inches,  wliicli  is  afterwards  drawn  back^  and  cleared  from  the  face  of 
the  mould,  and  the  apace  filled  up  with  a  facing  composition,  forming,  on  an 
average,  about  an  inch  in  thickness ;  the  whole  is  then  firmly  rammed  (on 
which,  and  properly  preparing  the  facing  stufiT,  the  perfection  of  the  work  will 
greatly  depend,)  until  it  is  quite  hard,  when  it  will  be  compressed  to  about  I| 
inch  in  thickness.  The  common  facing  stuff  is  composed  of  lime,  one  part, 
and  earth,  the  same  as  that  used  for  walling,  three  parts.  These  are  mixed 
tof^ether,  and  slaked  Uie  same  as  mortar,  and  the  more  it  is  wetted  and  slaked 
the  better,  provided  time  can  be  allowed  for  it  to  dry  again  and  pulverize,  so  as 
to  be  fit  for  ramming.  The  better  sort  of  facing  stuff  may  have  a  small  quan- 
tity more  of  lime  in  it  When  by  the  repeated  addition  of  layers  of  earth, 
well  rammed  down,  as  before  described,  the  mould  is  filled,  the  keys  are  to 
be  taken  out  of  the  bolts,  and  the  bolts  drawn  out;  the  planks  are  then  removed, 
and  put  together  again  another  length  along  tlie  wall ;  but  the  bolts  at  one  end 
being  put  through  the  holes  left  in  the  wall,  only  one  of  the  end  boards  is  now 
required ;  tlie  earth  is  then  thrown  in  and  rammed  as  before,  and  the  process 
is  continued  until  one  course  of  all  the  walls  is  completed.  When  the  lower 
course  is  finished,  the  mould  is  taken  to  pieces  and  put  together  upon  that 
course,  the  lower  bolts  of  the  frame  being  put  through  the  holes  wnich  the 
upper  bolts  made  in  the  wall  at  the  first  operation ;  but  in  order  that  the  ver- 
tical jouits  formed  between  each  mould  should  not  coincide  in  the  several 
courses,  the  end  board  is  in  the  first  set  of  the  moulds  for  a  new  course,  set  at 
the  middle  of  the  length  of  the  moulds,  so  that  the  work  shall  form  a  break- 
joint,  as  it  is  termed  in  brick-work,  with  the  course  below.  Windows  and  doors 
may  be  left  in  the  walls  by  fixing  the  heads  of  the  moulds,  and  carrying  up 
quoins  to  form  the  same ;  in  erectine  which  some  bond  timber  should  be  laid 
in  coarse  mortar,  and  rammed  in  with  the  earth ;  lintels  may  also  be  laid  at  the 
proper  height  This  method  is  the  cheapest  where  only  one  window  or  door  of 
a  size  is  wanted ;  but  if  many  are  required,  the  readiest  way  would  be  to  make 
some  rough  frames  of  boards,  of  equal  width  to  the  thickness  of  the  walls,  and 
place  them  in  the  situations  of  the  windows  and  doors.  When  done,  the  earth 
IS  rammed  up  to  them,  laying  bond  timber  on  the  sides,  and  lintels  over  them. 
In  both  cases  the  windows  and  door  frames  are  to  be  put  in  their  places,  and 
fastened  to  the  bond  timber  after  the  walls  are  up»  The  bond  timber,  lintels, 
and  plates,  should  be  kept  as  thin  as  possible  in  order  to  prevent  any  disagree- 
ment between  the  earth  and  timber  in  the  shrinking  or  drying  of  the  same. 
The  bond  timbers  may  be  4  inches  by  11 ;  floor  or  wall  plates  6  inches  by  2 ; 
lintels  about  4  inches  thick.  For  common  cottages,  when  the  whole  of  the  walls 
are  up  and  covered  in,  the  holes  should  be  stopped  with  very  coarse  mortar, 
made  the  same  as  the  facing  stuff,  but  used  wetter,  and  after  standing  some 
time  to  become  thoroughly  dry,  may  be  either  lime  washed  or  finished  with 
rough  cast ;  but  if  it  be  required  to  make  the  finishing  as  perfect  as  possible, 
the  following  is  the  best  mode ;  viz.  witli  water  and  a  brush  thoroughly  wet  and 
soak  the  wall  for  two  or  three  yards,  in  superficies,  at  a  time  ;  all  which  parts, 
during  the  said  wetting,  should  be  worked  about  with  a  hand  float  until  the  face 
be  rubbed  smooth  and  even,  by  which  the  facing  composition  will  so  wash  up 
as  to  become  a  pleasant  regular  colour,  the  face  smooth  and  hard  when  dry, 
and  not  liable  to  scale  off'  as  a  coat  of  plastering  would  do.  It  should  have 
been  mentioned  before,  that,  as  it  frequently  happens  that  the  top  of  one  course 
becomes  too  dry  to  attach  to  the  succeeding  course,  it  is  advisable  that,  as  soon 
as  the  frame  is  set  for  the  succeeding  course,  a  small  quantity  of  thick  grout, 
composed  of  ■  lime  and  {  earth,  be  poured  on  the  top  of  each  course  imme- 
diately before  the  first  layer  of  earth  is  put  in.  A  very  small  quantity  is 
sufficient,  and  will  add  much  to  the  strength  of  the  work  by  cementing  the 
courses  well  together  at  the  joints.  The  workman  should  also,  with  the  comer 
of  his  rammer,  in  ramming  home  to  the  upright  joints,  cut  down  a  little  of  that 
part  of  the  wall  up  to  which  he  works :  this  will  make  the  upright  joints  key 
together,  and  unite  in  a  solid  manner.  The  earth  proper  for  this  work  should 
be  neither  sand  nor  clav  singly,  but  a  mixture  of  both.  Clay  is  very  objec- 
tionable, as  is  also  chalk,  or  calcareous  earth  of  any  sort.     Sand  is  also  not 


BUOYS.  279 

proper,  unlets  accompanied  by  tome  binding  property ;  the  bolder  and  eoarter 
the  sort  of  earth  tlie  better.  When  used,  it  should  retain  no  more  moistiu'e 
than  just  to  make  it  adhere  under  the  pressure  of  the  thumb  and  finger.  Where 
the  earth  is  not  by  itself  proper,  it  may  generally  be  rendered  so  by  admixture 
with  either  clay  or  with  coarse  sand,  as  tlie  case  may  require.  With  respect  to 
the  expense  oi  this  sort  of  walls,  Mr.  Salmon  observes  that,  as  labour  is  the 
principal  part  of  that  expense,  and  as  in  some  places  labour  is  dearer  than  in 
other,  the  best  mode  of  estimating  it  at  different  places  is  from  the  quantity 
that  a  man  should  do  in  a  da}',  which  he  has  found  is  1}  yard  in  the  common 
day's  labour  of  ten  hoiurs.    At  Wobum  he  estimated  the  expense  as  under: — 

Labour,  to  making  facing  composition,  fitting  in,  and 
ramming  to  a  16-inch  wall,  when  the  earth  is  at 
hand,  (labourers  being  at  U.  10^.  per  day,)  per     £     «.    d. 

yard  superficial 0    2     *2 

Lime  for  facmg  composition,  at  8i^.  per  bushel      ..003 
Lime  and  labour  in  facing  the  outsiae  of  wall  ...     0    0     3 

Total,  if  finished  and  faced  on  one  side  only    ...     0     2     8 
If  faced  and  finished  on  both  sides,  add       ....008 


Total  expense  for  walls  finished  on  both  sides   ...     0    3    4 

At  the  same  place,  the  value  of  a  yard  of  brickwork  is  more  than  ten  shillings, 
of  walling  only  14  inches  thick,  the  bricks  being  forty* two  shillings  per  1000, 
and  lime  etghtpence  per  bushel;  consequently  the  economy  of  pis6  must 
appear ;  and  the  same  difference  will  be  found  in  any  other  place  wnere  lime 
and  bricks  bear  the  same  price,  and  proper  earth  can  be  found  at  hand.  But 
it  must  not  be  concluded  tnat  the  entire  expense  of  a  building  will  be  in  the 
tame  proportion ;  the  economy  of  pis^  over  hrickwork  applies  only  to  the  walls 
of  a  building,  the  roof,  floors,  fittings,  &c.  will  be  nearly  the  same  in  both 
cases,  and  even  as  regards  the  walls,  the  brickwork  of  the  foimdations  must  be 
taken  into  the  calculation. 

BUOY.  A  floating  mark  to  point  out  the  position  of  objects  beneatli  the 
water,  as  shoals,  anchors,  &c. ;  also  any  light  body  used  to  support  in  the  water 
another  body,  whose  specific  gravity  exceeds  that  of  water,  as  the  buoys  used 
to  support  the  swivel  rings  of  mooring  chains,  &c.  The  buoys  used  to  mark 
the  position  of  shoals,  and  to  point  out  the  right  channel,  are  generally  large 
and  strong  conical  casks,  made  water  tight,  and  are  retained  in  their  proper 
situation  by  a  rope  from  the  apex,  made  fast  to  an  anchor  dropped  m  the 
desired  spot  These  buoys  are  variously  distinguished,  either  by  their  colour,  or 
numbers  painted  on  them ;  also  sometimes  by  small  beacons  rising  from  their  upper 
surface.  All  these  buoys  are  under  the  superintendence  of  the  Corporation  of 
the  Trinity  House.  Ships'  buoys  are  generally  formed  as  double  cones  attached 
at  their  bases,  and  are  mostly  composed  of  wood ;  but  these  being  very  liable 
to  sink  by  leakage,  buoys  made  of  plate  iron  have  for  some  time  past  been 
extensively  used  hoth  in  the  royal  and  mercantile  navy.  They  are  attached  by 
ropes,  termed  buoy-ropes,  to  the  anchor,  care  being  taken  that  the  length  of  the 
buoy-rope  exceeds  the  depth  of  water  in  which  the  ship  is  to  anchor.  Their 
principal  use  is  for  weighing  the  anchor  in  cases  where  the  cable  has  broken 
or  been  let  go. 

BUOY  (Life).  A  buoy  intended  to  support  persons  who  have  fallen  into 
the  water,  until  a  boat  can  be  dispatched  to  their  assistance.  The  forms  and 
materials  of  which  life  buoys  are  composed  are  very  numerous.  The  annexed 
cut  represents  a  very  simple  and  efi*ectual  machine  of  this  kind  invented  by 
Mr.  Scheffer.  Fiff,  1  is  tne  machine  inflated  with  air.  It  is  made  of  skins, 
without  any  seam,  (by  a  process  of  which  the  inventor  retains  the  secret,)  and 
it  perfectly  air  and  water  tight ;  it  is  provided  with  an  ingeniously  contrived 
stop-cock,  which  screws  into  the  hole  shown  in  the  engraving,  by  means  of 
which  the  machine  may  be  readily  inflated  by  blowing  with  the  mouth,  and  its 
escape  afterwards  rendered  impossible.    The  buoyancy  of  the  machine  is  suffi- 


uent  to  nippoTt  two  penoni ;  h  lh«t  a  man  equippH  whh  one,  avcn  if  tolalljr 
nnuqiiainted  irilh  iwimmiiig,  need  not  he>it«M  l«  proceed  to  the  aiuitsiice  of 
B  penon  itnisgling  in  the  water:  and  it  ia  put  d»  in  a  roomeat,  bj  merely 
■teppinf  iDto  It,  and  puatng  it  up  to  tha  chei^  when  it  may  be  won  without 


in  the  leaat  impeding  tlie  full  action  of  the  limbi.  Fig.  2 
npreienta  analher  eonatniction,  by  which  the  machine  can  be  more  ea«ily  put 
on  over  the  clothe*.  Tha  following  cut  repre*enta  the  air  cock,   a  ii  the  nottle 


of  the  cock,  which  ia  screwed  into  the  eUatic  air  veiael  \  b  an  i*ory  pipe  acrewcd 
~ie  harrel,  uied,  when  required,  as  a  mouth-piece  to  inflate  the  Teasel ;  when 


that  ii  effected,  the  handle  d  of  the  plug  ia  turned,  ao  that  the  hole  *  of  the  plug 
ia  brought  rouud  opjioiite  la  the  bolt/,  when  the  spiral  ipringi;  projecll  the  bolt 
into  e,  and  locks  it  fait.     The  hole  e  ia  perforated  through  the  plug,  so  that  the 


locking  takes  place  whether  tlie  plug  be  turned  to  the  right  or  to  the  lett :  thus 
the  ewk  is  secured  from  being  opened  by  accident,  and  the  escape  of  the  air  ia 
prevented.  To  open  the  air  postage  it  is  necessary  to  draw  and  hold  back  the 
apnng-boit  with  one  hand,  while  the  otlier  tums  the  handle  d  into  the  pmition 
anown.  Another  important  purpose  to  which  these  buoys  may  be  applied  is 
^Bt  of  Soating  a  rope  from  a  stranded  ship,  by  which  means  a  communicatioii 
with  the  ahore  is  more  easily  established  than  when  it  is  attempted  to  convey  a 
rope  fVom  the  shore  to  the  ship,  as  the  wind  and  sea  assiat  in  the  transmiaalon 
of  the  rope  in  the  first  cose,  trhilat  in  the  latter,  they  form  a  aerious  obstacle  to 
it.  Spars  and  cuks  are  sometimea  emnloyed  to  float  the  rope,  but  are  much 
inferior  to  the  present  invention,  as  the  lives  of  the  men  passing  along  the 
floating  line  are  greatly  endangered  by, their  being  struck  with  tbem.  The 
weight  of  such  apparatus  likewiae  keeps  the  floats  deep  in  the  water,  con- 
sequently less  exposed  to  the  action  of  the  wind,  so  that  the  tide  may  cany  tha 
mpe  in  a  wrong  direction ;  but  with  Scbeffei's  buoyant  vessel)  lying  on  tha 
aiirface  of  the  sea,  the  wind  would  have  so  powerful  on  efiect  as  to  render  tha 
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CDurM  of  the  tide  imroatnul ;  tha  ptuennn  and  crew  might  than  with  Ucoritv 
pan  along  tlie  rope  to  tha  thore.     a  tne  air  vessel,  or  float  for  ths  rope  i, 


It  admirable  life  buoy,  for  the  pres^rTation  of  men  who  may  have  the 
miifortune  to  fall  orerboard  at  sea,  hj  day  or  night,  has  been  invented  by  Lieut. 
Cook,  R.N.  and  is  so  mucli  approved,  that  the  lorda  of  the  Admiralty  have  given 
"  ip  in  the  royal  navjj  s'   "■'■'■■  -^     . 

r  quarter  of  the  ship, 
night,  it  can  be  detached  Irom  its  positioi 
with  a  fusee  at  the  head  of  the  ataif,  giving  a  brilliant  light,  trliich  a  lea  passing 
over  it  cannot  extinguish.  Ships  may  on  these  occaiians  frequently  have  to 
run  a  mile  before  they  can  sufficiently  shorten  sail  so  as  to  heave  to  with  safety ; 
but  the  buoy  having  fallen  close  to  the  man,  the  light  lilaning  above  bis  head  will 
direct  the  boat  to  the  spot  without  loss  of  time  :  this  is  a  most  valuable  feature 
in  the  invention,  invaluable  as  from  the  great  difficult)  of  finding  a  man  m  the 
water  in  a  dark  night,  under  these  circumstances,  men  haie  beer  Un  to  pensh 
when  t)iere  has  been  ever)  reason  to  conclude  thnt  they  had  renchod  nhnteiF-r 
might  have  been  thrown  to  their  assistance  Tlie  apparatua  consists  of  two 
hollow  oopper  spheres  connected  together  by  a  honiontal  bar  iliroiigh  the 
middle  of  which  is  fixed   vertically  a  strong  italT  formed  of  a  metallic  tube 


'e  rod  and  weight,  which  drop  oat  of  the  tutw  when  the  apparatus  ia 
released  from  the  ship,  and  preserves  it  upright  in  the  water;  the  fusee  is 
lighted   at   the   same   instant   by  a   gun   locE.      The   above   cut   represents 
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the  lire  buoy  luipnidcd  at  the  item  of  a  vneel.  In  many  ihipi,  tlie  commuDi- 
calion  vitb  lb#  triggen  for  firiog  and  for  letting  it  gu,  is  so  contrived,  that  the 
man  at  the  helm  can  detach  it  wiihuut  cjiiilling  his  puBt.      The  roilowing  cut 


Mpreienla  the    feb  o     n      cm        he  fusee  blsu  go        I  c  1  ead  of  [he  man, 
who  is  seen  standing  on  ine  balance  jilate. 

BURNING  GLASS  and  Burninq  Mikrok.  InstniinenU  for  concenlnting 
upon  a  very  imall  surface  the  mys  of  the  sun,  which  fall  upon  a  much  more 
extended  one,  by  which  m'eans  such  an  intense  heal  may  be  produced  as  to 
itise,  bum,  or  Tolatilize  moat  sub«tancee.  Burnin^p  glosses  are  convex  lense^ 
which,  actiug  according  to  the  lavs  of  refraction,  transmit  (he  rays,  but 
incline  or  refract  them  towards  a  common  point  in  the  a^iis,  called  the  focus. 
These  were  not  entirely  unknown  to  the  aticienta,  although  we  have  no  minute 
account!  of  their  construction  or  performances ;  but  in  modern  times  very 
powerful  instruments  of  this  description  have  been  constructed.  The  most 
celebrated  is  that  made  by  Mr.  Parker,  of  Fleet-street,  at  an  expense  of  700/., 
and  several  years  of  Iflboiir  and  research.  It  consisted  of  a  lens  composed  of 
flint  glass,  which,  when  fixed  in  its  frame,  exposed  a  surface  of  32  inches 
diameter  in  the  clear)  the  distance  of  the  focus  was  6  feel  9  inches,  and  its 
diameter  one  inch.  The  rnye  fi  om  this  large  lens  were  received  and  transmitted 
through  a  smaller  one,  of  13  inches  diameter  in  the  clear  within  the  ii-atne,  its 
focal  length  29  inches,  and  the  diameter  of  tlie  focus  |  of  an  inch.  Amongst 
other  remarkable  effects  produced  by  this  instrument  were  the  following;  3 
^grains  of  cast  iron  were  fused  iti  ten  seconds  j  20  grains  of  gold  in  fouriecondii 
10  grains  of  steel  in  twelve  leconds ;  and  10  grains  of  common  Itmeslone  in 
tifly-five  seconds.  Ten  cut  garnets,  taken  from  a  bracelet,  began  to  run  ihe  one 
into  the  other  in  a  few  seconds,  and  at  length  formed  into  one  globular  garnet. 
The  clay  u«ed  by  Mr.  Wedgwood,  to  make  his  pyrcmetric  tesi,  run,  in  a  few 
Kconds,  iiilo  a  white  enamel.     We  are  sony  lo  add  to  the  account  of  this 
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wonderful  instrument,  that,  after  being  offered  for  sale  to  several  learned 
societies,  we  believe  it  was  sent  to  China,  either  on  speculation,  or  amongst  the 
presents  which  accompanied  Lord  Macartney's  embassy,  and  was  there  left 
Burnincf  mirrors  are  concave  mirrors  or  reflectors,  formed  of  polished  metal  or 
silvered  glass,  and  which,  acting  by  the  laws  of  reflection,  throw  the  rays  back 
into  a  point  or  focus  before  the  glaas.     These  instruments  were  not  only  well 
known  to  the  ancients,  but,  if  we  may  credit  the  accounts  which  have  come 
down  to  us,  the  effects  of  some  of  their  contrivances  were  superior  to  any  pro- 
duced in  modem  times  by  the  same  means.     Archimedes,  it  is  said,  reduced 
the  Roman  fleet  under  Marcellus  to  asb^s,  by  burning  mirrors,  at  a  bowshot 
distance;  and  Proclus  is  said  to  have  burned  the  fleet  of  Vitellius  at  the  siege  of 
Byzantium  by  the  same  means.    Of  the  modems,  the  most  remarkable  burning 
mirrors  are  those  of  M.de  Villette,  and  of  Buffon.     That  of  M.  de  Villette  was 
3  feet  1 1  inches  diameter,  and  its  focal  distance  3  feet  2  inches.     It  was  com- 
posed of  tin,  copner,  and  tin  glass.    Some  of  its  effects,  as  found  by  Dr.  Harris 
and  Dr.  Desaguiiers,  are,  that  a  silver  sixpence  melted  in  7^  minutes ;    a 
halfpenny  melted  in  16  minutes,  and  ran  in  34  minutes,  and  a  diamond 
weighing  4  grains  lost  |  of  its  weight    That  of  M.  Buffon  is  a  polyhedron, 
6  feet  broad,  and  as  many  high,  consisting  of  168  small  mirrors,  or  flat  pieces 
of  looking  glass,  each  6  inches  square,  by  means  of  which,  with  the  faint 
rays  of  the  sun,  in  the  month  of  March,  he  set  on  fire  boards  of  beech  wood 
at  150  feet  distance.    At  another  time  he  burned  wood  at  200  feet  distance; 
he  also  melted  tin  and  lead  at  the  distance  of  above  120  feet,  and  silver  at 
50  feet. 

BUTTON.  A  fastening  for  various  parts  of  dress.  Buttons  may  be  divided 
into  two  general  classes, — those  with  shanks,  or  loops  of  metal,  for  the  purpose 
of  attaching  them  to  garments,  and  those  without  shanks ;  and  each  class  is 
manufactured  from  a  great  variety  of  materials,  and  by  a  variety  of  methods. 
Of  buttons  with  shanks  the  greater  number  are  composed  of  metal,  although 
glass  and  mother  of  pearl  are  also  employed  for  the  purpose.  Metal  buttons 
are  formed  in  two  different  ways,  the  blanks  or  bases  of  the  buttons  being  either 
cast  in  a  mould,  or  stamped  out  of  a  sheet  of  metal ;  the  former  method  is 
generally  employed  for  making  white  metal  buttons,  and  the  latter  for  plated 
and  gilt  buttons.  To  cast  buttons,  a  great  number  of  impressions  of  the  pattern 
of  the  button  are  taken  in  sand,  and  in  the  centre  of  each  impression  is 
inserted  a  shank,  the  ends  of  which  project  a  little  above  the  surface  of  the 
sand,  and  fused  metal  is  poured  over  the  mould.  When  cool,  the  buttons  are 
taken  from  the  moulds,  and  after  being  cleansed  from  sand  by  bmshing,  are 
placed  in  lathes,  the  edges  are  turned,  the  face  and  back  smoothed,  and  the  pro- 
jecting part  uf  the  shank  also  tumed.  The  buttons  are  then  polished  by  robbing 
the  faces  upon  a  board  spread  with  rotten  stone  of  different  aegrees  of  fineness, 
and  afterwards  by  being  held  against  a  revolving  board  covered  with  leather, 
upon  which  is  spread  a  very  fine  powder  of  the  same  materials ;  finally,  they  are 
arranged  on  a  sieve  or  grating  of  wire,  and  immersed  in  a  boiling  solution  of 
granulated  tin  and  cream  of  tartar,  by  which  means  their  surfaces  become 
covered  with  a  thin  layer  or  wash  of  the  metal,  which  improves  their  whiteness 
without  injuring  their  polish.  The  blanks  of  plated  buttons  are  cut  by  a  fly-press 
out  of  copper  plate,  coated  on  one  side  with  silver.  They  are  then  annealed 
in  a  /umace,  and  afterwards  stamped  by  the  descent  of  a  weight  as  in  a  pile- 
driviiig  machine,  the  die  being  fixed  in  the  lower  surface  of  the  weight  The  sol- 
dering of  the  shank  is  performed  on  each  button  separately,  by  the  flame  of  a 
lamp  and  a  blow-pipe :  the  edges  of  plain  buttons  are  next  filed  smooth  in  a  lathe, 
and  the  buttons  are  afterwards  boiled  in  a  solution  of  cream  of  tartar  and  silver; 
they  are  then  placed  in  a  lathe,  and  the  backs  brushed,  and  afterwards  burnbhed 
with  blood-stone.  The  metal  used  for  gilt  buttons  is  an  alloy  of  copper  and  zinc. 
This  metal  is  rolled  out  into  sheets,  and  the  blanks  stamped  out  which  are  then 
planished  if  intended  for  plain  buttons,  but  if  fyr  figured  buttons,  the  impres- 
sion is  now  given.  The  shanks  are  next  attached,  which  is  effected  as  follows : 
each  blank  is  fumished  with  a  pair  of  small  spring  tweezers,  which  hold  the 
shank  down  upon  it  on  the  proper  place,  and  a  small  quantity  of  solder  and 
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reiin  ii  applied  to  each.  They  are  then  eipowd  upoii  an  iron  flate  to  m  heat 
nifficlent  Ui  melt  the  wider,  bj^  which  the  ihank  beconies  fixed  to  the  boUon; 
and  vhiUt  atiU  vrarm  they  are  plunged  into  nLtric  acid,  to  remove  the  oiide 
formed  on  the  lurface  by  ihe  heat  eaiployed  in  soldering  tlie  ihuiks.  They  are 
thtn  placed  io  a  lathe,  the  edges  rounded,  and  the  gurfaces  rough  bumiihed, 
which  renden  them  ready  for  gilding.  Five  graini  of  gold  are  fixed  by  Act 
'"    "  '     '  ut  quantity  to  be  employed  in  gilding  a 

An  amalgam  ii  formed  of  gold  and  tn 
buttana  are  placed  in  an  earthen  veuel  along  with  the  amslgam,  together 
aa  much  aquafortia  as  will  moiiten  the  whole,  and  the  mixture  ii  itirred  with 
a  brush  until  the  buttons  are  completely  whitened.  To  dinipate  the  quickiilver 
the  button!  are  shaken  in  an  iron  pan,  placed  over  a  fire,  until  the  quickiilvei 
begin!  to  melt,  whea  they  are  thrown  into  a  felt  cap  and  stirred  with  a  brush, 
to  spread  the  amalgam  equally  over  their  surfaces;  alter  which,  the;  are  returned 
to  the  pan,  and  the  mercury  volatiliied  completely  by  the  increased  heat,  leaviag 
the  gold  evenly  spread  iu  a  thin  film  over  the  surface  of  the  buttons ;  they  are 
then  burnished  in  a  lathe,  which  complete!  the  operation.  ITie  better  sort  rf 
buttons  undergo  the  gilding  proceas  twice  or  tlirice,  and  are  distinguished 
accordingly  aa  "  double  "  or  "  treble  gill-"  Gtasi  huttons  are  formed  of  glui 
compressed,  while  in  the  fluid  itate,  in  moulds,  in  which  the  shank  is  inserted, 
and  when  the  glass  become*  cold,  the  ahank  is  firmly  retained  in' its  place.  In 
mothri-of-pearl  buttons  the  method  of  inserting  the  ahank  is  extremely  mge- 
nious :  a  hole  ia  drilled  at  the  back  and  undercut,  that  is,  larger  at  the  bottoin 
than  at  top,  and  the  shank  being  driven  in  by  a  ateady  stroke,  its  extremity 
expands;  on  striking  against  the  bottom  of  the  hole,  it  becomes  firmly  nvetted 
into  the  button,  forming  a  kind  of  dove-tail  joint. 

Buttons  without  shatiki  are  of  two  kinds;  the  fint  are  nmply  disci  of  ham, 
bone,  wood,  or  other  material,  with  four  holes  drilled  through  the  lace,  for  the 
purpose  of  sewing  them  to  the  garment.  Horn  buttons  of  this  description  are 
made  from  cow-hoofs  by  pressing  them  into  heated  moulds.  The  hoofs  having 
been  boiled  In  water  until  they  are  soft,  are  fint  cut  into  plates  of  the  requisite 
thickness,  and  after  into  squares  of  the  siie  of  the  diameter  of  the  button,  and 
afterwards  reduced  to  an  octagonal  form  by  cutting  off  the  conien.  They  are 
then  dyed  black  by  immersing  Lheni  in  a  cauldron  of  lognrciod  and  copperaa 
mixed.  A  quantity  of  moulds  sumewbat  resembling  bullet  moulds,  and  each 
furnished  with  a  number  of  steel  dies,  are  then  heated  a  little  above  the  point 
of  boiling  water,  and  one  of  the  octagonal  pieces  of  horn  is  placed  between  eoch 
pair  of  ^es,  and  Ihe  mould  being  shut  is  compressed  iu  a  smell  screw  press, 
and  In  a,  few  minutes,  the  horn  becoming  safWned  by  the  bent,  receives  the 
impression  of  the  die,  af^r  which  the  edges  are  clipped  oS  by  shears,  and  then 
rounded  in  a  lathe.  The  bales  in  buttons  of  this  description  are  drilled  bv 
meensof  a  lathe,  represented  in  the  annexed  engraving.    Four  spindles,  of  whicn 


two  only  a  a  can  be  seen,  are  supported  in  bearings  at  b,  and  by  the  centre 
points  cc  are  made  to  revolve  with  great  velocity  by  means  of  two  bands  d  d 
paasing  over  pullers  e  e  fixed  upon  each  of  the  spindles^  each  band  driving  two 
■pindles,  and  receiving  motion  from  a  wheel  worked  by  a  treadle.     At  the  end 
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of  each  of  the  tpin^ei  a,  li  s  hook  uniting  ihnn  to  four  other  «pin[Uea//by 
■Jmilar  braka  at  one  end,  the  other  end  of  the  ipindlea  pauing  through  four 
mail  holet  in  the  plate  g,  and  the  projecting  points  being  formed  into  unall 
drilli.  The  button  ii  placed  in  a  concave  rest  k,  and  ptuned  forward  against 
tha  driUa  by  a  piece  of  wood.  The  iCandard  g  can  be  exchanged  for  another 
with  hole*  more  or  len  apart,  and  the  rest  k  can  be  set  at  any  height  to  luit 
difi!n«nt  «ued  buttont.  Ai  the  ipindle  holes  in  the  plate  g  are  nearer  together 
than  the  holes  in  the  ttaodard  h,  the  spindles  //  converge ;  the  hooks  m  the 
nindles  are  therefore  necesury  to  form  a  universal  joint.  The  second  descrip- 
tion of  bntloDS  without  shanks  consists  of  thin  diKS  of  wood  or  bone  called 
iDDulds,  covered  with  silk,  cloth,  or  other  similar  materials.  The  bone  for  the 
mould*  is  made  from  reflue  chips  of  bone  sawn  into  thin  flakes,  and  brought 
into  a  circnlar  form  by  two  operations,  illustrated  by  the  aecompanyiD^ 
engraviag.    On  one  end  of  the  ^indla  a,  which  revolve*  in  bearings  at  i  t,  la 


screwed  a  tool  c,  and  on  the  other  are  two  collars  d  d,  between  which  a  forked 
lever  *  embrace*  the  (haft,  the  fiilcrum  of  which  is  at/.  The  spindle  a  u  put 
in  rapid  modon  b;  a  band  a  paving  over  the  pulley  A,  and  over  a  band  wheet 
worked  by  a  trea^e ;  and  the  workman,  holding  the  material  ■  for  the  mould  fa) 
his  right  hand,  against  a  piece  of  wood  i  finnlv  beld  down  in  the  iron  standard  / 
by  two  screws,  by  means  of  the  lever  held  in  his  left  hand,  he  advance*  the  tool 
c  against  the  material  i  of  the  mould ;  the  central  pin  of  tbe  tool  drilt*  a  hola 
through  the  centre  of  the  intended  mould,  whilst  the  other  two  points  describe 
a  deep  circle  cutting  half  through  the  thickness  of  the  material,  and  the  flat 
mrfaee  is  cut  smooth  by  the  intermediate  parts  of  tbe  tooL  The  tool  is  then 
drawn  back  a  little  by  the  lever  e,  and  the  material  shifted  to  bring  a  &esh 
portirai  of  the  surface  opposite  the  tool,  and  when  as  many  moulds  as  the  plate 
of  tbe  material  will  afibnl,  are  thus  bnlf  cut  through,  the  other  side  is  presented  to 
the  tool,  and  the  central  point  of  it  being  inserted  in  tbe  hole  made  in  the  first  part 
of  the  operation,  tbe  other  two  teeth  cut  another  deep  circle  exactly  opposite  the 
former  one  through  the  remaining  substance  of  the  material,  and  the  mould  it 
left  slicking  on  the  tool ;  by  drawing  back  the  lever  «  the  tool  recede^  and  the 
mould,  meetingafixed  iron  plate,  is  pushed  off  the  tool,  and  falls  inloa  small  box  at. 
Covered  buttons  having  coma  into  very  general  use,  various  improvementa 
have  been  introduced  in  the  manufacture  of  them,  and  patent*  for  tbis  purpoaa 
have  been  granted  to  various  parties,  aa 
Sanders,  Needham,  Aingworth,  Church, 
and  others.  The  following  is  Mr.  Sanders' 
method  of  making  covered  buttons;  a 
piece  of  the  material  with  which  the  mould 
la  to  he  covered  is  cut  of  a  circular  shape, 
aomewhat  larger  than  the  intended  button ; 
upon  this  i*  placed  a  disc  of  card  of  the 
exact  uie  of  (he  button,  and  next  a  disc  of 
pqier  coated  with  an  adhesive  composition,  e 
iroieh  will  become  Kilt  and  sticky  by  heat ; 
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and  apon  th«M  ii  laid  a  button  mould  #  hanng  four  htAeB,  through  which 
threaot  or  ftringa  have  been  passed  to  fonn  the  flexible  shank.  These  dreodar 
discs  being  put  together,  are  then  laid  over  a  cylindrical  hole  in  a  metal 
block  a ;  this  hole  being  exactly  the  size  of  the  intended  button,  and  the 
covering  of  the  button  being  larger  than  the  hole,  when  the  discs  are  pushed 
down  into  the  hole,  the  material  of  the  covering  will  wrinkle  iq»  on  the  edges 
roimd  the  other  discs.  The  tube  6  6  is  then  mtroduced  into  the  cylindrKal 
hole,  and  its  lower  edge  being  bevilled  bawaids,  will,  as  it  is  pressed  down, 
gather  the  plates  of  the  doth  on  the  edge  of  the  button ;  towards  the  centre 
M  a  metal  nng  or  collar  c,  having  teeth  round  its  edge ;  somewhat  like  a  crown 
saw  is  now  passed  down  the  tube  b,  and  driven  with  considerable  force  by 
the  punch  a^  and  the  block  a  having  been  previously  heated,  the  adhesive 
matter  will  be  softened,  and  cause  the  teverBl  discs  to  stick  togedier,  which, 
when  taken  out  and  become  cold,  will  be  very  fiim  and  retain  its  shape. 

c. 

CABLK  A  rope  of  hfx^  diameter,  by  which  ships  are  hdd  to  their  anchors 
or  moorings.  The  materials  of  which  cables  aro  formed  are  very  variou^  as 
bass,  hemp,  sunn,  and  coir,  or  the  husk  of  the  cocoa  nut,  and  latterly  iron 
chains,  of  a  particular  construction,  have  been  eztensivdy  used,  and  are  com- 
monly called  chain  cables.  Cables  are  composed  of  dther  three  or  four  ropes 
twisted  together,  each  rope  consisting  of  dther  three  or  four  strands,  each  strand 
containing  an  equal  number  of  yams,  which  number  depends  upon  the  diameter 
of  the  cable.  Cables  are  denominated  by  their  circumference  in  inches,  as  a 
32-inch  cable,  meaning  a  cable  22  inches  in  circumference.  The  length  of  all 
cables  is  the  same,  vis.  120  fiithoms.  The  larger  class  of  ships  in  the  navy 
and  in  the  East  India  Company's  service  are  usually  provided  with  the  following 
cables :  viz.  two  spliced  together,  for  the  best  bower  anchor ;  two  for  the  smaU 
bower  anchor ;  two  for  the  sheet ;  one  spare  cable ;  and  erne  cable  for  the  stream 
anchor.  The  chains  employed  for  cables  have  a  short  stay  bar  in  the  middle 
of  each  link,  toprevent  the  ndes  collapsing  when  the  cable  is  exposed  to  a 
heavy  strain.  The  form  of  the  links  and  stays,  and  the  mode  of  apjdving  the 
latter,  have  formed  the  subjects  of  numerous  patents.  The  annexed  figures 
represent  one  of  the  links  of  Mr.  Hawks's  "  Patent  Chains  for  Cables  and 
Hawsers,"  and  also  illustrates  the  method  of  forming  them.    The  novdty 
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in  the  form  of  these  links  consbta  in  thdr  being  thicker  at  the  bends  than  at  the 
ddei ;  whereas  in  most  other  chain  cables  the  lijus  are  either  the  same  thickness 
throughout  or  are  smallest  at  the  bends.  The  iron  rod  a  a  of  which  the  link 
is  formed,  it  will  be  seen  has  bulbous  en- 
largements at  regular  distances  asunder; 
these  are  produced  either  by  cavities  in  the 
rollen  between  which  the  rod  u  drawn,  or 
by  swaging  or  forging.  The  rods  being  cut 
into  exact  lengths,  they  are  turned  round 
into  links,  and  the  ends  welded  together, 
when  the  bulbs  should  be  situated  exactly 
at  the  ends,  as  represented  by  the  annexed 
figure  at  a  a,  ana  the  stay-bar  b  inserted. 
Chains  for  cables  are  commonly  made  in  lengths  of  10  fathoms,  connected  by 
a  bolt  and  shackle,  fbr  the  convenience  of  slipping  on  in  an  emergency,  as  cutting 
b  of  course  out  of  the  question ;  and  at  eveir  SO  fathoms  is  a  swivel,  that  the 
chain  may  not  become  twisted.  A  simple  and  effectual  stopper  for  chun  cables 
b  much  wanted,  as  considerable  difficulty  is  frequently  experienced  in  "  Ivinging 
a  ship  up,'*  as  it  is  termed,  when  it  blows  hard.  The  ordinary  stopper  consitts 
of  two  concave  plates  of  iron,  between  which  the  chain  passes;  ^e  lower  plat» 
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is  firmly  secured  to  the  deck,  and  the  upper  plate  turns  upon  a  hinge.  A  long 
iron  bar  is  inserted  into  a  soeket  cast  upon  the  upper  plate,  and  to  the  outer 
end  of  the  bar  is  attached  a  tackle,  hooked  to  a  bolt  m  the  deck ;  and  a  number 
of  men  being  stationed  at  the  tackle,  by  hauling  upon  it  they  compress  the 
cable  so  tightly  between  the  plates,  as  to  prevent  the  cable  runnine  out,  or, 
by  slacking  it,  allow  it  to  run  freely.  This  apparatus  frequently  gives  way, 
and  occasions  serious  damage.  The  following  substitute,  invented  by  Lieut 
Kooystniy  R.N.,  has  been  approved  by  the  Society  of  Arts,  who  have  presented 
the  mventor  with  the  silver  Vulcan  medal.  The  figure  represents  an  under- 
view  of  the  part  of  the  deck  where  the  stopper  a  a  is  fixed ;  this  stopper  is 
formed  of  an  iron  hook  or  dip,  turning  upon  a  bolt  at  6,  and  has  a  few  links  of 
chain  at  the  other  end ;  d  and  •  are  portions  of  two  beams ;  /  part  of  the  chain 
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cable,  held  fast  by  the  stopper;  g  a  square  bar,  sliding  through  the  beam  d,  and 
through  square  holes  in  the  mttal  facing  plates  hk;  i  the  hook  in  the  end  of 
the  bar  ^,  which  takes  the  link  j  of  the  stopper;  k  a  double-threaded  screw,  on 
the  other  end  of  the  bar  ^;  /  the  screwed  end  of  a  crank  handle  m,  fitted  on 
the  screw  *;  the  other  end  turns  freely  in  the  plate  o  o;  pp  the  bolts  which 
■ecure  this  plate  to  the  beam  e.  By  turning  the  crank  one  way,  it  wiU  be  seen 
that  the  cable  wiU  be  tightly  pressed  by  the  stopper  against  the  iron  knee  q,  and 
by  turning  it  the  other  way  the  pressure  is  relaxed.  The  slidimr  bar  a  is  shown 
semrate  above.  ^^        * 

Mr.  William  Shelton  Burnett  had  a  patent  for  a  cable-stopper,  of  which  the 
foUowmg  IS  a  description^  This  apparatus  consists  of  a  metallic  box  a,  con- 
tammg  a  spirally  coiled  spring,  through  the  centre  of  which  passes  longitudinally 


a  har ;  (me  end  of  thu  u  strongly  rivetted  to  an  iron  plate,  and  the  other  ter- 
minatet  in  a  large  eye,  for  the  reception  of  a  hook  or  a  rope.  Now,  supposing 
the  cylinder  a  to  be  made  fast  at  6  to  some  staple  part  of  a  ship,  and  the  cable 
e,  which  passes  over  the  side  of  a  ship  d,  to  have  an  anchor  attached  to  the  other 
otremity,  when  any  strain  comes  upon  it,  the  bar  is  drawn  more  or  less  out  of 
the  cylinder,  compressmg  the  spring,  thus  affinding  an  elastic  resistance,  which, 
contmuaUy  increasing  with  the  force  applied,  wfll  prevent  those  accidents  of 
teanng  away  the  fastenings,  which  might,  without  such  apparatus,  be  the  result 
V"v'  *<^™J"  ,**>**  *^"  contrivance  is  equally  applicable  to  any  other  tackle, 
which  It  will  always  keep  in  a  proper  stote  of  tension  after  the  cause  of  the 
adventitious  strain  has  ceased  to  operate. 

CACAO  NUT,  or  Cocoa.  An  oblong  roundish  nut,  nearly  the  shape  of  an 
almond,  but  larger ;  the  shell  dark-coloured,  brittle,  and  thin ;  the  kernel  both 
externally  and  internally  brownish.  It  is  the  produce  of  a  small  tree,  the 
Oorama  Cacao,  bearing  a  large  fruit  like  a  cucumber,  which  contains  thirty  or 
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more  of  theie  null.  Chocolate  i*  ptepUKi  from  theM  nnti.  A  pateot  iru 
lately  obtained 'for  a  preparation  of  cocoa,  called  "Manhall'i  Extract  of  Cocoa." 
The  ipecificBtion,  which  i>  dated  the  10th  Febniaiy,  1830,  describei  theprocea 
to  coDiiit  in  boiling,  for  an  hour,  a  pound  of  powdered  cocoa  in  a  pdlon  of 
water ;  the  mixture  ii  then  to  be  p«Med  through  a  neve,  and  the  oily  matter  to 
be  akimmed  from  themrface.  It  ia  next  to  be  evaporated  in  a  vater  bath,  till 
it  asnimes  the  consilience  of  treacle,  when  it  ii  to  be  preferred  for  use  in 
bottlea  veil  corked  and  lealed,  lo  aa  to  render  them  impervioiu  to  the  air. 

CAISSOH.  A  kind  of  cheit-lramed  or  flat-bottomed  boat,  lometimei  lued 
iti  laying  the  pier*  of  btidgei  in  deep  or  rapid  riven.  The  caiisooi  for  thii 
purpoie  coniiit  of  B  very  strong  platform  of  timber,  to  which  are  attached  tho 
two  lidea,  in  such  a  manner  a«  to  admit  of  their  removal  when  no  longer 
required.  Theae  aidei,  which  are  also  very  itrongly  framed  of  timber,  to  reaiit 
the  great  prewure  of  the  water,  are  curved  towards  their  eitremitiei,  so  a*  (o 
meet  each  other,  and  form  a  salient  angle  up  and 
down  the  stream,  and  inclodngaspace  somewhat  [ 
wider  than  the  foundation  of  the  pier  of  the  i^  | 
bridge.  The  site  of  the  pier  being  levelled  bj 
dredging  or  otherwise,  the  caisson  ii  brought 
over  the  spot,  and  moored  in  the  proper  [ 
position ;  two  or  three  of  the  lower  counei  of  , 
masonry  are  then  built  upon  the  plalibm  of 
the  caiiaon,  and  the  water  is  then  slowly  ad-  . 
mitted  bj  a  sluice  in  the  caisson,  so  a*  to  cause  ! 
thecaisson tosettleintoitsploce;  and toprevent  1^ 
the  effects  of  too  great  a  pressure  of  water  when  | 
the  rise  and  fall  of  the  tide  is  considerable,  the 
valer  is  generally  admitted  some  time  before  hieh  - 
water,  and  pumped  out  again  after  the  ebb  tide 
has  commenced,  so  that  the  workmen  may  resume 
their  labours  before  lov  water.  When  the  masonry 
is  brought  up  as  high  as  the  level  of  the  water, 
the  sides  of  the  caisson  are  detached  from  the 
bottom,  and  removed.  Westminster  and  Black- 
frian  bridges  were  built  on  caissons,  but  the 
preference  is  now  generally  given  to  coSerdami. 
A  patent  was  obtained  by  Mr.  Deeble,  for  con- 
structing jetties,  piers,  quays,  &c.  by  means  of 
what  he  terms  "  metallic  caissons,"  or  a  peculiar 
descriptiDn  of  cast  iron  boxes,  variously  combined 

Sbv  dovetails ;  these  boxes,  when  fixed  in  their 
laces  to  form  a  pier,  or  quay,  &c.  are  filled  with 
quid  lime  and  rubble,  which  soon  sets  hard,  and 
forms  a  solid  mass  girt  with  metal.  For  the 
better  elucidation  of  the  plan,  a  few  of  the  more 
simple  forms  of  caissons,  and  their  mode  of 
uniting,  as  exemplified  in  the  construction  of  a 
pier,  are  engraved  herewith.  The  caisson  is  open 
generally  both  at  top  and  bottom ;  the  thickness 
of  the  sides  proportioned  to  the  strength  and 

rvity  required.  Itis  proposed thateach  caisson 
7  feet  in  length,  5  feat  in  height,  and  from  2 
to  5  feet  iu  width,  according  to  the  nature  of 
the  work  in  which  it  is  to  be  used, 
constituting  foundations  should  be  closed 
bottom,  and  in  raising  one  tier  above  another,  each  layer  would  became  nnited 
to  those  imraediatelj'  above  and  below  it,  by  commencing  the  alternate  vertical 
courses  with  a  half  caisson,  jy.  I  is  the  plain  oblong  square,  with  dovetails  at 
.!,„  .„j.  _„i ii.„M „:„!..  i: u- :_  '-^■^ij,g  exposed  to  the  water, 


the  ends,  only  applicable  to  straight  lines,  eithi 
or  to  tha  interior  of  heavy  works,  as  cross  forts,  ■ 


n  bracings  and  buttresaea  to  be 
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buried  in  the  Mith.  This  form  admiti  bul  little  vatiation  in  iti  applicatioD, 
mi  Done  in  iti  itrength  or  paTity  beyond  whot  may  be  gained  by  increaiing 
the  thicknen  of  ito  lidei.  Fig.  2  is  the  most  uniTenal  form  j  it  may  be  muC 
tiplied  to  any  extent,  yet  U  perfect  in  itwlf,  requiring  no  change  of  form  on 
the  aide  lo  finiih  a  work,  and  the  ends  may  be  conveniently  completed  by 
filling  up  the  dovetail  groove  with  a  portable  half  dovetail.  Fig.  3  ii  the 
radiated  form,  wbich  mav  be  used  lu  a  waved  line  along  the  coast,  where  great 
rtrangth  a  required ;  it  alio  applies  to  piera  and  baitiDna.  The  dotted  projection 
i*  the  half  dovetail,  which  would  be  required  to  attach  it  to  the  crois  fort ;  or 
ibe  radiated  caisson,  should  it  be  conudered  neceua^  to  add  another  waved 
Sue,  would  give  the  effect  of  arch  and  counterarch.  f  u.  4  i»  a  radiated  cainon, 
having  extra  dovetaile  for  uniting  the  raain  line  Co  the  bastion.  Any  angle  may 
thus  be  gained,  simply  by  mooring  thia  caiuon  in  the  bastion,  in  ^e  direetion 
required.  /*■]?.  5  ii  the  tominatioii  of  spier  with  a  bastion:  the  external  dotted 
Fig.S. 


line  ihow*  the  boundary  of  the  sloped  bank;  the  eron  torts  are  introduced  at 
suitable  distances  to  insure  great  stability;  and  the  inner  dovetailed  groovea 
being  left  in  the  inner  lines,  will  enable  the  engineer  to  add  croM  forts  and 
battresset  to  any  extent  that  may  be  required. 

CALAMINE.     An  ore  of  sbc,  principally  used  in  making  brass. 

CALCINATION.  The  process  by  which  some  bodies  are  rendered  reducible 
to  powder  ;  it  consists  in  exposing  the  substances  to  a  strong  heat,  so  u  to  dissi- 
pate the  water  of  crystallization  and  other  volatile  portioni. 

CALCULATING  MACHINES.  Machines  devised  for  facilitating  arilh- 
netical  computations.  From  a  remote  period  of  andquily,  various  mecnanical 
devices  were  resorted  to  for  this  purpose.  Amongst  the  Greeks  and  Romans, 
an  instrument  called  "  abacus'  was  employed,  consisting  of  a  number  of 
parallel  threada,  upon  which  were  strung  a  number  of  beads  for  counters,  to 
npresent  units,  lens,  hundreds,  &c.  The  Chinese  at  the  present  day  use  in 
their  computations  an  instrument  called  a  swanpan,  nearly  resembling  the 


Greek  abacus,  and  which  may  now  b 


1  with  m  the  toy-shops  of  London. 


There  are  lai^e  and  small  swanpan) ;  those  for  mercantile  purposes 

many  rows  of  small  balls  strung  on  wires,  containing  fifteen  ballt  on  each,  with 

re  for  their  being  moved  up  and  down  with  ease.  These  rows  of  balls  are 
led  by  a  cross  Imr  of  wood  extending  &om  aide  to  side,  leaving  five  balla 
above  and  ten  below.  Each  ball  of  the  upper  row  is  of  the  value  of  the  ten 
balls  on  the  lower  row,  and  by  moving  down  to  the  bar  one  of  the  upper  balls, 
the  ten  lower  balls  which  had  been  moved  up  to  the  bar,  are  at  liberty  to  repre- 
sent any  further  sum  until  they  have  all  agam  reached  the  bar,  when  a  second 
ball  is  brought  down  from  the  upper  row,  and  so  on  until  die  live  ball*  are 
engaged,  when  their  value  is  represented  by  one  ball  on  the  adjoining  wire  on 
the  left  hand,  and  so  on  to  any  amounL  These  instruments  are  univeraally 
employed  throughout  China  for  the  purpoeei  of  compatation;  and  so  expert 
are  the  Chinese  m  the  use  nf  them,  that  few  Europeans,  with  the  assistance  of 
pen  and  ink,  can  keep  pace  with  th«m.  The  celebrated  Napier,  the  inventor  of 
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logarithmi,  ocmtrlTed  an  instrument  by  which  ths  opeimtion  of  mnltiplicatiaD  ii 
much  facilitated,  the  product  of  any  single  figure  with  the  multiplicand  being 
represented  at  once  by  a  very  simple  mechanical  operation.  Thw  instrumentt 
which  consisted  of  a  number  of  detached  rods,  each  bearing  at  the  top  some  one 
unit  with  the  products  of  the  same,  multiplied  by  the  nme  units  ranged  in  a 
Une  beneath  it,  is  commonly  known  by  the  name  of  Napier's  rods  or  bones.  But 
by  &r  the  meet  useful  contrivance  of  this  kind  is  the  Gunter's  scale,  so  named 
after  the  larentor,  Mr.  Edmund  Gnnter,  an  eminent  English  mathematician, 
who  likewise  was  the  author  of  several  other  vety  useful  inventions.  In  the  extent 
to  which  the  Gunter's  scale  has  been  adopted,  it  rivals  the  Chinese  swanpan, 
whikt  its  powers  far  exceed  those  of  the  Utter  instrument  It  consists  of  a  flat 
ruler  of  box  wood,  2  feet  long,  having  various  lines  laid  down  upon  it,  by  means 
of  which  all  the  various  problems  relating  to  arithmetical  trigonometry,  and  their 
depending  sciences,  may  be  performed  by  the  extent  of  the  compasses  only. 
This  will  be  best  explained  by  a  description  of  the  line,  called  the  line  of 
number,  or  Gunter's  line,  which  is  adapted  to  the  solution  of  arithmetical 

auestions,  and  exhibiting  a  few  practical  exam]>les.  The  line  of  numbers  is 
^e  logarithmic  scale  of  proportionals,  which,  beine  graduated  upon  the  ruler, 
■erves  to  solve  problems  in  the  same  manner  as  loearithms  do  arithmetically. 
It  is  usually  divided  into  100  parts,  every  tenth  of  which  is  numbered,  beginning 
with  1  and  endine  with  10 ;  so  that  if  the  first  great  division  stand  for  the 
j^  of  an  integer,  we  next  great  division  will  stand  for  ^,  and  the  intermediate 
divisions  wilTrepresent  hundredths  of  an  integer,  whilst  the  large  divisions  beyond 
10  will  represent  units ;  and  if  the  first  set  of  large  divisions  represent  units, 
the  subdivisions  will  represent  tenths,  whilst  the  second  set  of  large  divisions 
wiU  represent  tens,  and  the  subdivisions  units,  and  so  on.  The  general  rule  for 
using  tnis  instrument  is  as  follows :  since  all  questions  are  reducible  to  propor- 
tions, if  the  compasses  be  extended  from  the  first. term  to  the  third,  the  same 
extent  will  reach  from  the  second  to  the  fourth  term.  The  following  are  a  few 
examples  of  some  of  the  uses  of  this  line.  1.  To  find  the  product  of  any  two 
numbers,  as  4  and  8 :  extend  the  compasses  firom  1  to  the  multiplier  4,  and  the 
same  extent  applied  the  same  way  from  8,  the  multiplicand  will  reach  the 
|MX)duct  32.  2.  To  divide  one  number  by  another,  as  36  by  4 :  extend  the 
compasses  from  4  to  1,  and  the  same  extent  will  reach  firom  9  to  36.  3.  To 
find  a  fourth  proportional  to  three  ^ven  numbers,  as  6,  8,  9 :  extend  the  cooi- 
passei  firom  6  to  8,  and  this  extent  laid  the  same  way  f^m  9,  will  reach  12,  the 
fourth  proportions!  required.  4.  To  extract  the  square  root  of  a  number,  say 
25 :  bisect  the  distance  between  1  on  the  scale  and  the  point  representing  25, 
then  half  this  set  off  from  1  will  give  the  point  5  =:  the  root  required.  In  the 
same  manner  the  cube  root,  or  the  root  of^any  higher  power,  may  be  found  by 
dividing  the  distance  on  the  line  between  1  and  the  nven  number,  into  as  many 
equal  parts  as  the  index  of  the  power  expresses,  then  one  of  those  parts  set 
from  1,  will  extend  to  the  number  representinff  the  root  required.  A  great 
improvement  has  been  made  in  this  instrument,  by  means  of  which  compasses 
are  rendered  unnecessary.  It  consists  in  having  two  lines  of  numbers  placed 
one  over  the  other,  one  of  which  lines  is  engraved  upon  a  slider  moving  in  a 
groove,  and  is  applied  as  follows :  Uie  first  term  of  the  proportional  upon  the 
dider  being  set  against  the  third  term  upon  the  fixed  scale,  the  second  term  of 
the  proportion  upon  the  slider  will  stana  opposite  the  fburUi  term  on  the  fixed 
scale.  Instruments  of  this  description,  with  scales  suited  to  almost  every 
branch  of  art  in  which  calculation  is  required,  are  now  common  amongst  in- 
telligent workmen,  and  die  scale  of  chemical  equivalents,  by  which  the  labours 
of  the  chemist  are  so  much  facilitated,  is  constructed  upon  the  same  principle. 
Mr.  Lamb  has  recently  arranged  the  logarithmic  scale  in  a  circular  form,  by 
which  the  portability  of  the  instrument,  and  the  facility  of  its  application,  is  so 
much  increased,  that  an  instrument  much  smaller  than  the  following  represen- 
tation of  it,  and  which  can  be  conveniently  carried  in  the  waistcoat  pocket, 
contains  divisions  laiger  and  easier  to  read  than  those  usually  placed  on  the 
2-feet  sliding  rule.  On  the  face  of  the  instrument  (which  Mr.  Lamb  calls  a 
circular  proportioner,)  are  engraved  one  double  and  two  single  logarithmic 
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line«^  In  Mmceblrie  clnitM.  Tbe  tnUdle  circle,  which  ia  the  moTing  piece,  and 
i«  marked  A,  hsi  botli  edgei  divided,  for  the  convenience  of  acting  with  the 
inner  or  outer  circlcB,  which  are  marked  M  and  L.  The  moving  and  inner 
cJTdes  A  and  M  an  bo^i  numbered  1,  2,  3,  4,  5,  6,  7,  8,  and  9.     The  apaet 


iding  for  the  even  muuben  in  the  thiid  places  of  fi|iu«i.  From  2  to  6 
h  tenth  division  is  halved  for  the  S,  in  the  third  place  of  figure*.  Th«  ipace* 
must  be  subdivided  bj  estimation  for  the  intermediate  figures.  Tbe  enter 
circle,  marked  L,  has  a  double  line  of  numbers ;  the  first  half  circle  numbered 
1,2,3,4,5,0,7,8,9,  and  tbe  second  half  marked  10,20,30,40,50,60,70, 
80,  90.  Tie  figures  on  A  and  M  mav  either  swnify  1,  2, 3,  &&,  or  10,  20, 30, 
&c,  or  100,  200,  300,  tic,  and  m  the  figured  divisions  alter,  so,  of  coutm, 
must  the  sulidivisions ;  sometimn  thej  stand  for  decimals.  In  passing  mtilf 
to  the  right,  the  numlwrs  will  contain  a  figure  more,  and  in  passing  to  the 
left  they  will  contain  a  figure  less ;  the  first  significant  figure  in  a  decimal 
will  var^r  in  like  manner.  Two  numbers  in  a  proportion  vhich  have  the  sam* 
name  must  always  be  taken  on  the  same  circle.  For  multiplication,  division, 
and  common  proportion,  A  must  work  with  M ;  for  the  iii]uare  root  and  dupli- 
cate proportion,  A  moat  work  with  L.  In  direct  proportion,  the  first  and  lecond 
term*  will  stand  together ;  but  in  indirect  proportion,  the  second  and  third  terms 
will  stand  together. 

Various  machine*  have  likewise  been  contrived  by  Pascal  and  others,  by 
which  aiithnetical  calculations  were  made  by  means  of  trains  of  wheels  and 
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similar  arrnngemcnts ;  and  Uie  late  Earl  Stanhope  invented  a  machine  of  this 
sort,  by  which  he  verified  his  calculations  res))ecting  the  national  debt.  But 
none  of  these  contrivacces  can  bear  a  moment's  comparison  with  the  stupendous 
machine  designed  by  Mr.  Babbage,  and  now  nearly  completed,  the  ftmcUons  of 
which  are  to  embody  in  machinery  the  method  of  differences,  which  has  never 
before  been  done.  It  consists  of  two  parts, — a  calculating,  and  a  printinff  part, 
both  of  which  are  necessary  to  the  fmiilment  of  the  inventor's  views ;  for  the 
whole  advantages  would  be  lost  if  the  computations  made  by  the  machine  were 
copied  by  human  hands,  and  transferred  to  type  by  the  common  process.  The 
greater  part  of  the  calculating  machinery,  of  which  the  drawings  alone  cover 
400  square  feet  of  surface,  is  already  constructed,  but  less  progress  has  been 
made  u  the  printing  part.  The  practical  object  of  this  macnine  is  to  compute 
and  print  a  great  variety  and  extent  of  astronomical  and  navigation  tables, 
which  could  not  otherwise  be  done  but  at  an  enormous  expense,  whilst  it  would 
be  impossible  to  insure  the  same  accuracy.  It  can  also  compute  the  powers  and 
products  of  numbers,  and  integrate  innumerable  equations  of  finite  differences; 
that  is,  when  the  equation  of  dmerences  is  given,  the  engine,  after  being  properly 
set,  will  produce  in  a  given  time  any  distant  term  which  may  be  required,  or 
any  succession  of  terms  commencing  at  a  distant  point  In  order  to  convey 
some'  idea  of  the  powers  of  the  machine,  we  may  mention  the  effects  produced 
by  a  small  trial  engine,  constructed  by  the  inventor,  and  by  which  he  computed 
the  following  table  from  the  formula  x'  +  »  +  41.  The  figures,  as  they  were 
calculated  bv  the  machine,  were  not  exhibited  to  the  eye  as  in  sliding  rules 
and  similar  mstruments,  but  were  actually  presented  to  it  on  two  opposite  sides 
of  the  machine,  the  number  383,  for  example,  appearing  in  figures  before  the 
person  employed  in  copying.    The  table  is  as  follows : 


41 

131 

383 

797 

1373 

43 

151 

421 

853 

1447 

47 

173 

461 

911 

1523 

53 

197 

.  583 

971 

1601 

61 

223 

547 

1033 

1681 

71 

251 

593 

1097 

1763 

83 

281 

641 

1163 

1847 

97 

313 

691 

1231 

1933 

113 

347 

743 

1301 

2021 

Whilst  the  machine  was  occupied  in  calculating  tliis  table,  a  friend  of  the 
inventor  undertook  to  write  down  the  numbers  as  they  appeared.  At  first  he 
rather  more  than  kept  pace  with  the  machine;  but  as  soon  as  five  figures 
appeared,  the  machine  was  at  least  equal  in  speed  to  the  writer.  At  another 
tnal,  32  numbers  of  the  same  table,  containing  82  figiu^s,  were  computed  in 
2  minutes  30  seconds,  or  33  figures  per  minute.  On  a  subsequent  occasion  it 
produced  44  figures  per  minute,  ana  this  rate  of  computation  could  be  main- 
tained for  any  length  of  time. 

CALENDERING.  The  operation  by  which  all  accidental  wrinkles  and 
creases  are  removed  from  various  kinds  of  cloths,  and  their  surfaces  rendered 
smooth  and  uniform  previous  to  packing  for  transport:  calicoes  are  likewise 
calendered  before  printing.  The  common  calendering  machine  nearly  resembles 
the  ordinary  mangle,  but  worked  by  a  horse-wheel,  on  account  of  its  greater 
dimensions  and  weight ;  but  the  more  improved  machines  consist  of  a  series  of 
rollers,  between  which  the  cloth  passes,  the  rollers  being  subjected  to  heavy 
pressure,  and  turning  simultaneously  either  by  simple  contact,  or  by  means  of 
wheel  work.  Machines  on  this  principle  we  believe  are  of  foreign  invention, 
but  have  received  two  important  improvements  in  this  country ;  first,  by  the 
introduction  of  tubular  cast  iron  rollers,  into  which  heaters  can  be  inserted  when 
requisite,  which  greatly  assists  the  operation  with  some  kind  of  goods ;  and 
secondly,  in  the  substitution  of  rollers  formed  of  pasteboard  for  wooden  rollers, 
the  former  not  being  liable  to  crack  or  warp  like  the  latter,  and  being  susceptible 
also  of  an  astonishing  degree  of  polish.  These  paper  or  pasteboard  rollers  are 
formed  as  follows:  the  axis  or  shaft  is  formed  of  a  square  bar  of  wrought  hon, 
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turned  cylindrical  at  the  bearings ;  a  circular  iron  plate,  of  the  exact  %\xf  of  tlic 
intended  roller,  is  placed  upon  Uie  square  part  of  the  shaft,  and  near  to  the 
end|  and  a  great  number  of  discs  of  pasteboard,  somewhat  larger  than  the 
intended  roller,  and  having  smiare  holes  in  the  centre,  are  next  put  upon  the 
shaft,  and  then  another  iron  plate,  and  the  whole  are  screwed  together  by  nuts 
at  the  ends  of  four  long  iron  bolts  extending  from  one  iron  plate  to  the  other. 
In  this  manner  a  cylinder  is  formed,  considerably  longer  than  the  intended 
cylinder ;  this  is  removed  to  a  stove  or  hot  room,  and  as  the  paper  shrinks  by 
.the  heat,  the  plates  are  e;radually  screwed  up.  When,  at  the  end  of  some  days, 
the  paper  ceases  to  shrink,  the  cylinder  b  removed  from  the  stove,  and  becoming 
exposed  to  the  humidity  of  the  atmosphere,  it  has  a  tendency  to  expand,  and 
becomes  exceedingly  dense  and  solid,  and  is  completed  by  taming  m  a  lathe 
to  the  intended  size.  Some  goods  are  required  to  have  a  high  polish,  called  glazing, 
upon  one  side ;  this  glazing  was  formerly  effected  by  rubbing  the  cloth  with  a 
smooth  flint  stone,  but  is  now  generally  performed  in  the  calendering  machine,  by 
an  addition  of  wheels,  which  causes  one  of  the  rollers  to  move  slower  than  the 
rest,  and  the  doth  consequently  rubbing  over  the  polished   surface   of  the 


FigA. 


slowest  mover,  becomes  glazed,  a  a  Fig,  1 ,  are  two  paper  rollers,  each  of  20  inches 
diameter ;  h  b  two  hollow  cast  iron  cylinders,  8  inches  diameter,  and  2  inches 
thick,  the  exteriors  of  which  are  turned  perfectly  smooth ;  e  a  paper  roller, 
14  inches  diameter ;  d  d  the  framing  of  cast  iron,  containing  the  oushes  or 
bearings,  in  which  the  journals  of  the  rollers  revolve ;  these  are  firmly  pressed 
together  whilst  the  cloth  is  passing  through,  by  means  of  weighted  levers. 
F^,  2  is  an  end  view  of  the  same  calender,  with  the  wheels  for  glazing  the 
cloth;  the  wheel  on  the  upper  cylinder  6  is  10  inches  diameter,  tnat  on  the 
under  cylinder  6  is  13  inches  diameter,  and  both  are  connected  by  the  wheel/; 
so  that  the  wheel  on  the  under  cylinder  being  nearly  one-third  more  in  diameter 
than  that  on  the  upper  cylinder,  the  difference  of  their  motions  retards  the 
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centre  paper  roUeri  by  wbich  means  the  upper  cylinder  oasses  oTer  the  cloth 
one -third  quicker  than  the  doth  passes  through  the  calender,  and  polishes  it  in 
oonseqaenoe.  For  dresiinfi;  mushns,  gauxes,  and  other  light,  transparent  fabrics, 
a  smaller  species  of  deader  is  employed.  It  consists  of  only  tmree  cylinders, 
of  equal  diameten,  (oenerally  about  6  mches,)  and  la  easily  moved  by  a  common 
wincn  or  handle.  The  middle  cylinder  is  of  iron ;  they  are  all  moved  witli 
equal  velocities  by  small  wheels.  This  machine  is  always  used  in  a  cold  state. 
Calendering  forms  one  part  of  the  business  of  a  packer ;  in  the  subsequent 
stages  the  goods  are  folded  into  certain  forms,  depending  upon  the  nature  of 
them,  and  the  markets  for  which  they  are  intended ;  they  are  then  subjected  to 
the  action  of  a  very  powerftil  press,  and  whilst  under  pressure  are  corded, 
so  that  when  removed  from  the  press  they  occupy  much  leas  room  than  they 
otherwise  would  do. 

CALICO  PRINTING.  The  art  of  producing  upon  calico  or  cotton  cloths 
patterns  or  designs  combining  a  variety  of  colours,  so  as  to  produce  an  agreeable 
and  pleasing  emct  This  insenious  business,  as  at  present  conducted,  may  be 
considered  as  one  branch  of  the  art  of  dveing ;  and  as  it  depends  chi^y  upon 
the  proper  application  of  a  few  compoundsi  Cidled  mordants,  we  shall  commence 
our  description  of  the  process  by  explaining  briefly  the  nature  of  colours,  and 
the  uses  of  mordants.  The  colouring  subiSances  employed  in  this  art  may  be 
divided  into  two  classes,  viz.  MubUofUke  and  oifi^ctwe.  A  mbsiantive  colour  is 
one  which  of  itself  is  capable  of  producing  a  permanent  dye ;  such  are  woad 
and  indigo,  and  the  solutions  of  some  metus,  particularly  those  of  iron,  cobalt, 

fold,  platinum,  and  sflver,  which  give  various  colours,  according  to  the  processes 
y  which  they  are  prepared.    By  adjeetioe  colours  are  meant  all  those  which 
are  incapable  of  imparting  permanent  colours  without  the  aid  of  certain  inter- 
media, which  having  a  greater  infinity  both  for  the  colouring  matter  and  for  the 
cloth,  than  the  colouring  matter  has  for  the  cloth,  forms,  as  it  were,  a  bond  of 
union  between  the  two  latter  substances.   These  intermedia  are  called  mordants  : 
the  principal  ones  at  present  in  use  in  this  country  are  the  acetate  of  iron,  the 
acetate  of  alumina,  aud  the  various  solutions  of  tin.    In  the  usual  process  of 
dyeing  with  adjective  colours,  the  entire  piece  of  cloth  is  steeped  iu  the  mordant, 
and  some  time  afterwards  is  submittea  to  a  bath  of  the  particular  kind  of 
colouring  matter  which  is  to  be  imparted  to  it ;  but  in  printed  goods,  certain 
narts  require  to  be  left  white,  a  nattem,  therefore,  of  those  parts  which  are  to 
oe  coloured  is  cut  in  relief  on  olocks  of  wood,  or  plates  of  metal,  and  the 
mordant  being  applied  over  the  whole  surface  of  the  pattern,  the  pattern  is  then 
impressed  upon  Uie  cloth,  and  when  the  cloth  is  subsequentlv  passed  through 
the  colouring  bath,  only  those  parts  to  which  the  monlant  has  been  applied 
will  receive  a  permanent  stain ;  for  although  the  whole  piece  will  be  coloured, 
those  parts  which  are  untouched  by  the  mordant  will  be  easily  restored  to  their 
original  whiteness  by  washing  and  exposure  to  the  air.     Previous  to  printing, 
the  doth  undergoes  a  variety  of  processes,  termed  the  preparation.    The  first 
of  these  u  termed  drettmg,  and  consists  in  passing  the  cloth  very  rapidly  over 
a  cylinder  of  iron,  at  nearly  a  white  heat,  or  over  a  broad  flame  of  gas.    It  is 
next  ttnped  for  twentv-four  hours  in  a  weak  alkaline  lye,  at  the  temperature  of 
about  lOQo,  and  is  afterwards  boiled  in  a  solution  of  jpotash,  whicn  is  called 
athmg,  and  is  then  well  washed,  to  free  it  entirely  of  the  sJkali.    The  next 
process  is  called  iouring^  which  consists  in  immersing  the  doth  in  water  con- 
taining about  onextwentyfifth  part  of  its  weight  of  sulphuric  add,  and  being  again 
well  washed  and  dried,  the  preparation  is  completed.    Previous  to  the  orainary 
description  of  printing,  the  goods  are  calendered,  which  consists  in  passing 
them  through  a  set  of  rollers,  which  gives  them  a  gloss;  but  for  what  is  termed 
copper-plate  printing,  or  cylinder  work,  the  calendering  is  omitted.    In  printing 
fast  colours,  the  printer  proceeds  as  follows:    he  lays  the  calico,  which  has 
been  already  smoothed  by  calendering,  upon  a  strong  thick  table,  covered  with 
a  woollen  cloth,  and  proceeds  to  apply  one  or  more  mordants,  as  the  case  may 
require^  for  fixing  the  intended  colours.    The  mordants  are  applied  bv  means 
of  wooden  blocks,  to  the  surface  of  which  the  pattern,  cut  oat  of  thick  plates 
of  brass  or  cc^per,  is  firmly  fixed.    When  the  mordant  is  ready,  it  is  either 
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1  Britiih  gum,  which  i>  merely 
March  calcEQed  nnd  piUvemed.  In  this  *ts(e  the  mordant  is  'F^ad  upon 
pioce  of  fine  woollen  cloth,  strained  light  upon  a  broad  hoop.  Thii  ii  called 
the  RBve,  and  is  plawd  within  another  hoop,  called  the  caie,  covered  with  sheep 
ikln,  or  mI  cloth,  and  the  sieve  within  ha  ciwe  is  placed  in  a  tub  of  gum  water, 
and  is  ready  for  use.  The  mordent  is  applied  to  the  surface  of  the  sieve  by 
mean*  of  a  brush,  which  is  caUed  Iraing ;  and  should  the  mordant  be  colourless, 
as,  for  instance,  the  acetate  of  alumina,  lome  ftigilire  dve  b  mixed  with  it,  to 
make  the  pattern  obfious  to  the  workman,  who,  taking  the  block  containing  the 
pattern  in  one  hand,  applies  it  gently  to  the  lurfaee  of  the  sieve,  lo  that  a 
sufficient  quantity  of  the  thickened  mordant  may  adhere  to  the  figures.  He 
then  applies  the  block  thus  charged  to  the  calico,  giving  it  a  blow  with  a  small 
mallet,  and  continue!  api^ying  the  block  alternBIely  to  the  sieve  and  to  the 
calico,  until  he  ha>  gone  over  the  whole  piece.  When  the  piece  i*  intended  to 
aontain  a  variety  of  colour,  leveraldiSerentmordantsare  thus  applied,aa  the  dif- 
ferent colours  require  dilFerent  mordants  to  Us  them  andrender  them  permanent. 
The  calico  is  now  removed  to  a  room  heated  by  fluei,  in  order  to  b«  dried ;  but 
ihi*  is  much  belter  effected  by  an  apparatus  shown  in  the  annexed  engraving, 
ud  consiitiDg  of  a  scries  of  cylinders  a  a  made  of  copper  or  ttoned  U'on,  and 


filled  with  steam,  and  round  which  the  calico  is  made  to  pa«i  . 
Beneath  ever^  two  cylinden  ia  a  vane  h  b  moved  by  a  steam  engini. 
agitates  the  air,  so  aa  very  much  to  facilitate  the  drying ;  indeed,  so  rapidly  are 
the  gooda  dried  by  thia  mode,  that  although  the  fitbrici  be  wound  fWim  the  heap 
e  on  to  tbe  first  cylinder  perfectly  wet,  they  become  thortnighly  dry  by  the  lime 
they  have  paned  over  the  whole  apparatiu,  and  fall  in  a  perfect  state  on  the 
heap  d.  After  drying,  the  pieces  are  passed  by  means  of  a  winch  throogh 
wala  at  various  temptrntures,  with  a  little  cow-dnng  mixed  with  it,  in  order  to 
remove  that  portion  of  the  mordant  which  i*  not  actually  combined  with  the 
cloth,  and  which  muht  otherwise  slain  the  white  or  tinpiinted  porta.  Theniecea 
are  ^en  taken  to  the  river  or  waib-wheeb,  to  be  more  eflbctually  cleansed,  and 
afterward*  passed  through  t«pid  water,  in  order  to  insure  every  im^rity  being 
removed.  A  ouantity  of  madder  is  next  broken  mio  a  copper  boiler  of  pure 
cold  water,  and  a  fire  is  lighted  beneath.  Tlie  ends  of  several  pieces  of  calico 
are  then  skewered  together,  and  immersed  in  the  madder  bath,  and  are  kept  in 
constant  motion  by  en  apparatus  (shown  in  the  article  Draino),  driven  by  a 
steam  engine  until  the  wnole  attune  the  boiling  temperature,  or  even  far  some 
lime  after :  the  colour  being  by  this  means  uninrmly  distrihuled,  tite  pieces  ore 
token  out  and  thoroughly  washed.  Thia  process,  which  is  colled  maddtring, 
has  the  effect  of  imparting  all  the  requisite  colours  at  one  operation,  which  may 
be  thus  explained ;  while  one  mordant  precipitates  the  colouring  matter  to  o 
red,  anotfieT  precipitates  a  different  portion  of  it  of  a  purple  colour ;  another 
precipilMet  it  block,  and  so  of  every  possible  shade  from  a  lilac  to  o  block,  and 
DtKn  a  junk  to  a  deep  red.  If  a  portion  of  weld  or  quercitron  bark  be  added 
lo  the  madder,  every  shade  from  an  orange  to  a  brown  may  be  produced; 
wbereaa.  If  weld  or  bark  alone  be  employed,  all  colours  between  a  dork  olive 
and  a  bright  lemon  can  be  imparted  to  the  cloth.  The  mordants  generally  used 
in  calico  printing  are  acptate  of  iron  for  browns,  blacks,  lilacs,  &c,  and  acetate 
of  alumina  for  oU  the  different  shades  of  reds  and  yellows     When  the  goods 
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have  passed  throitgh  the  madder  or  weld  ci^per,  they  are  usually  carried  U^ 
boUer  contain ing  wheat  bran  and  water,  for  ttie  purpose  of  freeing  the  white 
grounds  from  the  stain  which  thev  always  acquire  from  the  madder,  hark,  or 
weld,  employed  in  dyeing  the  print  It,  however,  frequently  is  the  case  that 
goods  will  not  bear  to  be  sufficiently  branned  to  clear  the  whites  by  that  one 
operation,  as  branning  in  some  measure  impairs  the  intensity  of  the  colours ; 
such  goods,  therefore,  are  partially  cleansed  in  the  branning  copper,  and  are  then 
either  laid  on  the  grass  for  some  days,  untQ  they  become  perfectly  clean  and 
white,  or  (which  is  a  thuch  more  expeditious  process)  they  are  immersed  for  a 
short  time  in  a  very  weak  solution  of  one  of  the  bleaching  salts,  as  oxy-muriate 
of  potash,  soda,  magnesia,  &c.  There  is  another  method  of  calico  printing 
styled  resist  tcork,  which  is  the  reverse  of  that  just  described,  the  pattern  being 
printed  on  a  cloth  with  a  certain  preparation  which  resists  the  colour,  when  the 
goods  are  immersed  in  the  dye  vat,  so  that  the  grounds  only  are  dyed,  the 
pattern  remaining  white.  This  process  is  practised  for  printing  goods  in  which 
the  grounds  are  intended  to  be  blue  instead  of  white.  To  comprehend  the 
principles  of  this  process,  it  should  be  understood  that  indigo,  in  its  natural  or 
oxygenized  state,  lias  no  affinity  for  cloth,  but  that  it  is  deprived  of  its  oxygen 
by  iron,  which  has  a  greater  affinity  for  oxygen  than  indigo  has,  and  the 
deoxygenized  indigo  becomes  soluble,  and  is  reuddy  fixed  on  the  cloth.  Copper,  on 
the  contrary,  has  a  less  affinity  for  oxygen  than  indigo  has ;  the  oxides  of  copper, 
therefore,  when  dissolved,  give  up  their  oxygen  to  indigo  in  solution,  which  thus 
acquiring  oxygen,  is  restored  to  its  natural  state,  and  can  no  longer  impart  its 
colour  to  the  cloth.  The  process  of  resist  work  is  conducted  in  the  following 
manner :  a  solution  of  some  of  the  salts  of  copper,  as  the  sidphate,  nitrate, 
muriate,  or  acetate,  is  thickened  with  flour  paste  and  gum,  or  with  pipe-clay 
and  gum ;  and  with  this  composition  applied  to  the  blocks  which  contain  the 
pattern,  the  pieces  are  printed  in  the  manner  before  described  of  printing 
with  mordants.  The  pieces,  when  thoroughly  dried,  are  then  repeatedlv  dipped 
in  the  blue  vat,  as  it  is  called,  which  is  formed  by  mixing  indieo  with  lime  and 
sulphate  of  iron,  in  such  proportions  as  shall  most  efiectualTy  deoxidize  the 
indigo.  In  this  vat  the  grounds  receive  the  required  depth  of  colour,  but  the 
parts  printed  with  the  solution  of  copper  remain  undved,  because  the  deoxidized 
indigo  becomes  oxygenated  the  moment  it  touches  the  copper,  which  parts  with 
its  oxygen  to  the  indigo,  and  occasions  it  to  become  insoluble,  and  consequently 
incapable  of  forming  a  dye.  After  the  goods  have  been  sufficiently  immersed 
in  the  blue  vat,  they  are  washed  and  passed  through  diluted  sulphuric  acid, 
when  those  parts  which  had  been  printed  with  the  preparation  of  copper  are 
found  to  be  preserved  of  a  good  white,  the  preparation  having  effectually  reabted 
the  operation  of  the  indigo,  although  all  the  other  parts  of  the  cloth  have 
received  a  permanent  dye.  When  the  pattern  contains  a  variety  of  colours^ 
the  white  parts  are  subsequently  printed  by  the  method  already  described,  (of 
mordants,)  and  a  bath  of  madder,  weld,  or  quercitron  bark,  as  the  case  may  be. 
Resist  work,  as  we  have  already  stated,  is  employed  when  blue  is  to  be  the 
predominant  colour  or  ground  of  the  piece ;  but  if  the  ground  is  to  be  white, 
and  the  pieces  to  have  only  a  small  object  in  indigo  blue,  the  colour  is  printed 
with  indigo  deoxidized  by  orpiment,  and  commonly  called  pencil  blue,  because 
formerly  whatever  objects  were  done  with  it,  were  put  in  with  a  penciL  This 
preparation  requires  to  be  fixed  on  the  calico  before  the  indigo  has  time-to 
recover  its  oxygen  from  the  atmos]ihere ;  to  protect  it  fi^m  which  an  apparatus 
has  been  contrived,  in  which  the  sieve  which  furnishes  the  colour  to  the  blocks 
floats  within  the  colour  contained  in  a  vessel,  in  which  the  liquid  is  supplied 
Irom  an  air-tight  reservoir,  on  the  principle  of  a  bird  fountain,  so  as  always  to 
maintain  the  liquid  in  which  the  sieve  floats  at  the  same  height.  A  third 
method  of  printing  calicoes  is  that  called  dischargt  work^  which  consists  in  first 
dyeing  the  cloth  of  some  uniform  colour,  by  means  of  some  of  the  common 
vegetable  dyes,  and  iron  liquor,  which  is  always  used  in  such  quantity  as  to 
cover,  or  at  least  to  disguise  in  a  great  measure,  the  colours  employed  with  it. 
The  cloth  is  then  washed,  dried,  and  calendered,  and  then  printed  with  a  solution 
of  one  or  more  of  the  metals  in  some  of  the  mineral  edds,  which,  dissolving  the 
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IDn  in  the  parts  to  whicb  the  pattern  is  apj^Hed,  restoree  the  doth  to  the  colour 
with  which  it  was  originaUy  dyed.  l*huis  if  a  piece,  treated  wiUi  a  decoction 
of  Brazil  wood,  and  dyed  blaciL  by  being  passed  through  iron  liquor,  be  afterwards 

Srinted  with  a  peculiar  solution  of  tin,  the  ferruginous  part  of  the  dye  will  be 
issdved,  and  the  printed  part  will  instantly  be  converted  from  a  deep  black  to 
a  brilliant  crimson.  This  process  is  only  applicable  where  all  the  purposes  are 
attained  by  simply  dissolving  the  iron  which  forms  piv t  of  tlie  colour  that  is  to  be 
discharged ;  whereas,  for  the  fine  and  more  expensive  work,  citric  acid,  mixed 
with  gum  or  flour  paste,  is  printed  on  the  cloth,  ahd  wherever  it  attaches,  the 
mordant,  whether  nron  or  alumine,  is  discharged,  and  a  delicate  white  is  left  in  its 
place.  There  is  another  species  of  discharge  work  by  which  the  patterns  on 
the  beautifid  ISurkey  red  bandannas  are  produced ;  but  as  this  cannot  be  pro- 
perly called  a  printing  process,  we  refer  our  reader  for  a  description  of  it  to  the 
article  Bakdanma.  The  ordinaiy  sorts  of  what  u  called  chints  furniture  are 
produced  by  the  process  first  described,  which  is  repeated  one  or  more  times 
for  the  superior  sorts,  varying  each  time  the  mordants  and  the  dyeing  stuift ; 
and  when  the  greatest  possible  variety  of  colouring  is  desired,  a  portion  of  the 
white  ground  is  sometimes  coloured  blue,  by  putting  in  with  a  pencil  the  pre- 
paration called  pencil  blue ;  and  green  is  in  the  same  manner  produced  by 
applying  some  of  the  same  colour  to  parts  previously  dyed  yellow.  We  shaU 
conclude  this  article  by  noticing  an  improvement  which  nas  been  made  of  late 
years  by  the  introduction  of  cylinder  nrlnting,  which  has  the  advantages  of 
superior  accuracy  and  neatness,  as  well  as  of  greater  expedition.     In  these 


printing  machines  the  pattern  is  engraved  on  cylinders  of  copper,  or  brass,  oc 
wood,  which  supply  themselves  with  the  prepared  colour  during  tneir  revolutions, 
which  colour  is  transferred  to  the  cloth  by  the  latter  rolling  over  the  printing 
cylinder  at  it  is  wound  from  one  roller  on  to  another.    Many  of  these  machines 
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are  contrived  lo  as  to  carry  two  of  these  cylinders,  aach  of  which  has  4  trotig:h 
of  colour  attached  to  it,  by  which  means  two  difierent  colours  may  he  printed 
at  a  time  on  one  piece  of  calico,  and  Mr.  A.  Parkinson,  of  Manchester,  has 
invented  a  machine  capable  of  printing  at  one  time,  by  means  of  one  cylinder 
and  two  styrfhoe  rollers,  or  by  two  of  the  fonner  and  one  of  the  latter,  three 
distinct  colours.  Hie  leading  arrangements  of  this  machine  are  exhibited  in  the 
^graving  on  the  precedhig  page,  a  the  main  roUer  of  iron,  round  which  the  calico 
passes  to  receive  the  impression  from  the  three  smaller  rollers ;  b  one  of  the 
screws,  to  give  proper  pressure  to  the  main  roller ;  e  a  copper  roller,  with  one 
of  the  patterns  ^graved  on  it,  and  pressed  against  the  mam  roller  by  the  screw 
eL  The  roller  c  receives  colour  from  a  small  oox  at  the  top^  which  could  not  be 
shown  in  the  engraving,  e  and  e  two  wooden  rollecS|  on  each  of  which  is  cut 
a  pattern ;  //  two  blankelsi  to  supply  colour  to  the  rollers  e  f .  These  bhmkels 
receive  the  colour  by  revolving  in  contact  with  the  soUen  g  jr,  turaing  in  the 
colour  boxes  hh^  and  the  colour  is  uniformly  i^cead  by  the  rotatory  motion,  by 
the  time  it  arrives  at  the  rollers  on  which  it  is  to  be  deposited.  1 1  are  guiding 
and  stretehing  roUerB  to  the  two  colour  blankets;  k  the  cuide  roller  to  ttie 
blanket  which  is  interposed  between  the  main  cylinder  and  the  calico ;  I  the 
roller  from  which  the  plain  calico  is  unwound  during  the  process  of  jprinting ; 
m  the  calico  passing  m>m  the  printing  rollers  in  a  printed  state.  Mr.  Parkca 
(from  whose  Essay  on  Calico  Printing  the  foregoing  description  of  the  process 
is  taken,)  observes,  that  not  only  is  Uie  printing  more  correctly  performed  by 
the  cylinders  than  can  posribly  be  done  by  means  of  the  block,  but  also  the 
saving  of  time  and  labour  is  so  ^at,  that  a  piece  of  calico  which  would  take 
a  man  and  a  boy  three  hours  to  pnnt  with  one  colour,  or  six  hours  to  finish  with 
two  colours,  may  be  printed  by  the  machines  in  three  minutes,  or  three  minutes 
and  a  half,  and  the  work  will  be  much  more  completely  done  than  could  have 
been  even  imagined  before  the  introduction  of  this  invention. 

CALLIP£IU$.  A  sort  of  compasses,  made  with  bowed  or  arched  legs,  and 
used  for  measuring  the  diameter  of  cylindrical  bodies. 

CALOMEL.  Cnloride  of  mercury,  frequency  called  mild  muriate  of  mercury. 

CALORIC.  A  modem  term  to  denote  heat,  or  ^e  cause  by  which  Uie 
phenomena  of  heat  are  produced.    See  Creuistrt. 

CAMBER.  A  term  applied  to  that  slight  degree  of  arching  which  is  usually 
given  to  beams,  which  see. 

CAMEL.  A  contrivance  for  lifting  ships  over  a  bar  or  bank  obstructing  the 
navigation  of  a  river.  It  is  used  in  Holland,  and  some  other  parts,  particmarly 
at  the  Dock  at  St  Petersbur^h.  A  camel  is  composed  of  two  separate  parts, 
whose  outside  is  perpendicular,  and  the  inside  concave,  so  as  to  embrace  the 
hull  of  a  ship  on  both  sides.  They  are  braced  to  a  ship  underneath,  by  means 
of  cables,  and  entirely  enclose  its  sides  and  bottom.  They  are  then  towed  to 
the  bar,  and  the  water  being  pumped  out  of  them,  the  camel  rises,  lifts  up  the 
vessel,  and  the  whole  is  towea  over  the  bar. 

CAMEO.  The  name  given  to  stones  of  various  colours,  which  contoin 
ancient  sculptores  in  relief. 

CAMERA  LUCIDA.  An  ingenious  and  elegant  invention  of  the  late 
Dr.  WollastoUf  for  the  purpose  of  facilitating  the  delineation  of  objects,  by 
producing  a  reflected  picture  of  them  upon  the  paper.  It  consists  of  a  solid 
prismatic  piece  of  glass,  mounted  upon  a  stem  capable  of  elongation  or  con- 
traction, and  which  can  be  screwed  at  the  foot  to  a  table  or  drawing  board.  The 
prism  has  its  angles  so  arranged,  that  the  rays  from  the  object  are  reflected  upon 
the  paper,  and  is  covered  at  top  by  a  metallic  eve-piece^  the  hole  in  which  li^s 
half  over  the  edge  of  the  prism,  so  as  to  afford  to  a  person  looking  through, 
a  view  of  the  picture  reflected  through  the  glass,  and  a  direct  view  of  his  pencil 
or  tracing  point.  By  means  of  this  instrument^  a  person  unacquaintea  with 
drawing  ma^  delineate  objecte  with  great  ease  and  accuracy.  fi>r  specimens 
of  the  cajHibilities  of  this  mstrument,  we  would  refer  to  the  volume  otplates  to 
Capt  Basil  Hall's  Fioyoffe  Iq  the  United  Stales  of  America,  the  whole  of  which, 
consisting  of  representations  of  scenerv,  animals,  portraits,  &c.  were  sketched 
by  means  of  this  instrument  by  Capt  Hall,  who  had  no  knowledge  of  drawing. 
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Cambra  Obscura.  An  instrument  for  a  similar  purpose  as  the  foregoing, 
but  constructed  upon  different  principles,  the  rays  from  tne  object  being  caused 
to  pass  through  a  convex  glass,  on  to  a  white  surface  placed  opposite  to  the 
dass,  in  a  darkened  chamoer.  A  camera  obscura  may  be  constructed  as 
iollows :  darken  a  chamber,  and  into  a  small  aperture  made  for  the  purpose  in 
one  of  the  window  shutters^  fit  a  lens,  either  plano-convex,  or  convex  on  both 
sides ;  and  at  a  due  distance,  to  be  determined  bv  experience,  place  a  paper  or 
white  cloth,  and  the  objects  opposite  the  lens  will  be  shown  upon  the  paper  in 
their  natural  colours  and  proportions,  but  in  an  Inverted  position ;  by  placing  a 
concave  lens  between  the  centre  and  the  focus  of  the  first  lens,  the  images  will 
be  diown  erecL  If  the  aperture  do  not  exceed  the  size  of  a  pea,  the  objects 
will  be  represented  without  a  lens. 

CAMPHOR.  There  are  two  kinds  obtained  from  the  East,  one  from  Sumatra 
and  Borneo,  the  other  from  China  and  Japan.  It  is  extracted  from  the  roots, 
wood,  and  leaves  of  the  laurut  camphoroy  the  roots  affording  the  greatest  quantity. 
It  is  distilled  in  laree  iron  nots,  to  which  earthen  heads,  stuffed  with  straw,  are 
adapted,  and  provided  with  reservoirs.  Most  of  the  camphor  becomes  con- 
densed in  the  solid  form  amongst  the  straw,  and  part  comes  over  with  the  water. 
The  refinement  of  this  camphor  is  performed  by  sublimation  in  low  flat-bottomed 
glass  vessels  placed  in  a  sand  bath,  and  the  camphor  becomes  concrete  in  a  pure 
state  against  the  upper  part,  whence  it  is  separated  after  breaking  the  glass  with 
a  knife.  Lewis  asserts  that  no  addition  is  necessary  in  the  purification  of 
camphor,  but  that  the  chief  ooint  consists  in  managing  the  fire,  so  that  the 
upper  part  of  the  vessel  may  be  hot  enough  to  bake  the  sublimate  together  in 
a  cake.  Chaptal  says^  that  the  Dutch  mix  one  ounce  of  quick  lime  to  every 
pound  of  camphor,  previous  to  distillation.  Mr.  Gray  states,  that  two  pounds 
6f  quick  lime  shoula  be  added  to  each  hundred  weight  of  rough  camphor,  and 
the  sublimation  be  performed  in  a  very  gentle  heat  Camphor  is  likewise 
obtained  from  thyme,  rosemary,  and  other  vegetable  substances.  Purified 
camphor  is  a  white,  concrete,  transparent,  extremely  volatile^  and  inflammable 
substance,  of  a  powerful  firagrant  odouTi  and  acrid  taste.  It  is  insoluble  in 
water,  but  soluble  in  alcohol,  ether,  and  the  essential  oils.  It  is  used  in  the  arts 
for  assisting  the  solution  of  resins;  also  in  medicine. 

CAMPHORIC  ACID.  An  acid  obtained  by  repeated  dbtillation  of  nitric 
acid  upon  camphor.  It  appears  in  the  form  of  crystals,  soluble  in  alcohol,  oils, 
and  nuneral  acids.  It  also  dissolves  easily  in  hot  water,  but  requires  about  200 
parts  for  its  solution  at  the  ordinary  temperature. 

CANAL.  An  artificial  cut  in  the  ground,  supplied  with  water  from  rivers 
or  springs,  &c  in  order  to  form  a  navigable  communication  between  one  place 
and  another,  and  also  for  supplying  towns  with  water.  The  advantages  to  be 
derived  from  canals  were  not  unknown  to  the  ancients.  Egypt,  from  the 
remotest  antiquity,  contained  a  number  of  canals,  dug  to  receive  and  distribute 
the  waters  of  the  Nile  at  the  time  of  the  inundation ;  but  the  most  celebrated 
canal  in  that  countiT  was  that  which  connected  the  Nile  with  the  Red  Sea, 
which  was  completed  under  the  second  Ptolemy,  and  was  four  days'  journey  in 
length.  It  was  subseuuentlv  neglected,  but  was  afterwards  re-opened  by  one  of 
the  caliphs,  in  635,  after  which  it  was  again  neglected,  so  that  it  is  difficult  to 
trace  the  remains  of  it  at  the  present  day.  The  aqueducts  of  the  Romans  were 
a  species  of  canal,  and  they  had  many  also  for  draining  the  water  from  over- 
fbwed  grounds ;  and  attempts  were  made  (although  unsuccesefully)  by  one  of 
the  emperors,  to  cut  througn  the  Isthmus  which  joins  the  Peloponnessus  to 
Greece.  But  China,  in  the  number  and  extent  of  its  canals,  far  exceeds  all 
otlier  nations,  there  being  scarcely  a  town  or  village  that  is  not  washed  by  the 
sea  or  by  a  river,  but  has  a  canal.  The  Great,  or  Roval  Canal,  is  the  meet 
magnificent  work  of  the  kind  in  the  world;  it  is  825  miles  in  length,  50  feet  in 
width,  and  9  feet  deep,  and  extends  from  Canton  to  the  northern  frontiers  of 
the  empire.  Most  or  the  countries  in  Europe  are  provided  with  one  or  more 
works  of  this  kind :  those  of  Holland,  fVom  Uieir  number  and  the  admirable 
mode  in  which  they  are  managed,  have  long  been  the  tlieme  of  travellers ;  but 
perhaps  the  most  stupendous  work  of  the  kind  is  the  canal  of  Languedoc,  in 
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France,  which  formi  a  junction  between  the  Mediterranean  and  the  Atlantic. 
It  was  begun  in  1666,  and  finished  in  fifteen  years.  The  breadtli  is  144  feet, 
including  the  towing  pa&s;  the  depth  ia  6  feet,  and  the  lengtli  64  French  leagues, 
and  it  has  114  loclu.  Although  Uiis  country  at  the  present  day  is  superior  to 
any  nation  in  Europe  (with  perhaps  the  exception  of  Holland),  in  the  number 
and  magnitude  of  its  canals,  it  was  one  of  the  last  to  adopt  this  important 
improvement ;  for  if  we  except  the  New  River  Cut  for  supplying  London  with 
water,  England,  up  to  the  middle  of  the  last  century,  had  not  a  canal  worthy 
of  notice ;  and  the  honoiu*  of  their  introduction  is  due  jointly  to  the  spirit  and 
perseverance  of  the  Duke  of  Bridgewater,  and  to  the  skill  and  talents  of  the 
celebrated  Mr.  Brindley.  The  duke  had  at  Worsley,  about  seven  miles  from 
Manchester,  a  large  estate,  rich  in  coal,  which  had  been  hitherto  useless,  on 
account  of  the  expense  of  land  carriage ;  he  therefore  consulted  Mr.  brindley 
as  to  the  practtcabilitv  of  forming  a  communication  by  water,  who,  having  sui^ 
veyed  the  ground,  and  declared  the  scheme  to  be  practicable,  the  duke,  in  1 758, 
obtained  an  act  to  make  a  navigable  cut  or  canal  from  the  township  of  Salford, 
to  or  near  Worsley  Mill,  and  to  a  place  called  Hollens  Ferry,  in  Lancasliire ; 
but  extending  his  views  as  the  work  advanced,  he  subsequently  obtained  two 
other  acts,  the  first  to  carry  it  over  the  Irwell  to  a  place  called  Longford-bridge, 
and  the  second  to  extend  it  from  Longford-bridge  to  a  place  on  the  Mersey 
River,  called  the  Uempstones.  The  w'nole  navigation  was  then  proceeded  in 
and  completed,  being  more  than  29  miles  in  length,  and  having,  at  its  fall  into 
the  Mersey,  locks  wnich  let  it  down  95  feet.  It  should  be  remarked  that  the 
locks  were  formed  at  Runcorn,  instead  of  the  Hempstones.  The  completion  of 
these  works  quickly  rendering  apparent  the  important  advantages  of  canals  to 
the  commercial  and  manufacturing  interests,  new  imdertakings  of  the  kind 
sueceeded  each  other  with  such  rapidity,  that  the  bare  enumeration  of  those 
existing  at  the  present  day  would  occupy  more  space  than  we  could  spare  for 
the  purpose.  Amongst  the  principal  are  the  Grand  Trunk,  or  Staffordshire 
Canal,  forming  a  communication  between  the  Trent  and  the  Mersey,  and,  con- 
sequently, between  th^  German  Ocean  and  the  Irish  Sea ;  the  Tlrames  and 
Severn;  the  Birmingham  Canal;  Peak  Forest  and  Grand  Junction,  in  England ; 
and  the  Caledonian  Canal,  in  Scotland.  The  total  number  of  canals  in  Great 
Britain  is  103;  the  total  extent  2688  miles ;  and  the  capital  sunk  in  their  con- 
struction is  computed  at  upwards  of  thirty  millions  sterling.  With  two  or  three 
exceptions,  they  were  all  constructed  by  the  combined  exertions  of  private 
individuals ;  and  important  as  these  works  are  now  become,  none  of  them  were 
projected  prior  to  1755.  The  particular  operations  necessary  for  making  arti- 
ficial canais  depend  upon  a  variety  of  circumstances.  When  the  ground  is 
naturally  level  and  unconnected  with  rivers,  the  execution  is  easy,  and  the 
navigation  not  liable  to  be  disturbed  by  floods ;  but  when  the  ground  rises  and 
falls,  and  cannot  be  reduced  to  a  level,  artificial  means  of  raisin?  and  lowering 
vessels  must  be  employed.  The  ordinary  expedients  are  either  mclined  planes 
or  locks.  The  first  of  these  methods,  viz.  the  inclined  planes,  is  chiefly  resorted 
to  in  cases  where  the  canal  is  so  very  scantily  supplied  with  water  that  its 
economy  becomes  an  object  of  the  first  importance.  For  this  purpose,  an 
inclined  plane  of  masonry  is  constructed,  extending  from  one  level  to  the  surface 
of  the  next  above  it,  and  the  boats  are  hauled  up  the  plane  upon  a  kind  of 
cradle  or  sledge,  furnished  with  rollers,  and  this,  it  is  said,  was  the  only  method 
employed  by  the  ancients,  who  appear  to  have  been  ignorant  of  the  natmv  and 
utility  of  locks.  The  engraving  on  tlie  opposite  page  represents  an  improvement 
upon  this  method  of  passing  boats  firom  one  level  to  another,  by  which  the  boats 
maintain  their  parallelism  whilst  ascending  the  inclined  planes.  It  is  the 
invention  of  Mr.  J.  Underbill,  of  Parkfield  Iron  Works,  near  Wolverhampton. 
The  following  is  a  description  of  the  engraving :  a  die  higher  level  of  tlip 
water  of  the  canal ;  b  the  lower  level ;  the  bottom  of  tlie  canal  is  a  little 
excavated  at  each  of  these  places,  to  admit  of  a  kind  of  cradle  carriage  to  be 
sunk  sufiSciently  deep  for  a  boat  to  be  floated  on  to  or  off  it  At  e  is  represented 
a  laden  boat,  placed  upon  the  upper  level  in  its  carriage  //;  and  at  tf  another, 
similarly  circumstanced  upon  the  lower  level,  in  its  carriage  ffff»  Each  of  them 
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it  attached  by  strong  chaina  (o  a  drum-wheel  A,  properly  mounteil  Jii 

fraining,  and  worked  by  a  steam  engine  or  other  adequate  uower.  The 

ore  mounted  iiiion  two  paiin  of  solid  iron  wheel),  whicfi  r 

that  connect   tlie  upper  ,, 

and  lower  levels.     These 

railways  form  two  inclined 

planes  for  the  ascent  of 

the  carriage,  and  the  some 

lor  its  descent,  vrhilst  the 

two  slopes  are  connected 

at   top   by   a   horizontal 

plane  Till*  will  beclearly 

midentood   by  reference 

to  the  diagram.  Tl  e  boat 

c  is  there  represented  in 

its  carriage,  and  ascend 

ing  the   double   rails   or 

plane*  r,  the  hind  wheels 

being  on  the  top  raiia,  and 

the  fore  wheels   on   the 

bottom  rails,  but  confined 

in  their  track  by  the  pa 

rallel  bars  o  abore  which 

preserve  the  carnage  &om 

shifting  out  of  the  hon- 

umlal  position.      Before 

arriving  at  the  top    the 

(ore    wheels    open     two 

latches  I,  having  counter 

bahince  weights,  and  both 

hind     Olid     fore    wheels 

arrive  tc^lber  on  the  top 

of  the  horizontal  line  of 

rail.     On  drawing  t  for 

ward  for  die  descent  into 

the    lower  level   of   the 

canal,  the  latches  (become 

cIoMd,  and  the  carriage  ia 

sent  forward,  aa  shown  by 

the  dotted  lines  at «,  before 

descending,  when  die  fore 

wheels  open   the  latches 

for   the   hind  wheels   to 

enter  between  the  parallel 

bars ;  g  a  shews  the  boat 

and  carnage  dehvered  on 

to  the  lower  level  of  water    _ 

where  the  carriage  sinks    — — ; 

to   a  sufficient  deptn  to 

allow  the   boat   to   float 

away  from  it     The 

tentee  propose*  to  empl 

rimilar     machinery 

raiting  weights  on ,,  ^, 

But  where  conala  have  an       ±^^ "    * 

abundant  aupply  of  water    J      %t^^  ' 

the  usual  inetnod  of  troat  "  '-"' 

mitting  boats  liom  one  le\  el  to  another  is  by  locks      A  lock  is  a  loi 

poatoge  connectuiE  two  conliguaus  levels    of  sufficient  width  and 

rweive  a  boat,  and  in  depth  extending  from  the  top  of  the  upper  lei 
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bottom  of  the  lower  level.  The  sides  are  usually  formed  of  masonry,  and  at 
each  end  is  a  pair  of  strong  gates,  turning  upon  centres  strongly  secured  to  the 
walls.  The  gates  next  the  upper  level  extend  only  to  the  bottom  of  that  level, 
but  those  at  the  lower  level  extend  the  whole  depth  of  the  lock.  These  gates 
are  opened  and  shut  by  means  of  long  projecting  arms  or  levers,  and  when 
closeo,  the  gates  meet  in  an  angle  pointing  up  the  stream.  At  the  upper  end  of 
the  lock  is  a  sluice,  by  which  the  water  can  be  admitted  into  the  lock  from  the 
upper  level ;  and  at  the  lower  end  is  another  sluice,  by  which  the  water  can  bt 
discharged  Irom  the  lock  into  tlie  lower  level.  The  operation  of  passine  a  boat 
from  one  level  to  another  is  as  follows :  suppose  it  be  required  to  pass  tne  boat 
from  the  upper  level  to  the  lower,  and  that  the  water  in  the  lock  is  at  the  same 
height  with  the  water  in  the  lower  level,  and  that  the  gates  at  each  end  of  the 
lock  are  closed;  the  sluice  at  the  upper  end  is  first  opened,  and  the  water 
admitted  into  the  lock  from  the  upper  level ;  and  when  it  attains  the  same  height 
in  the  lock  as  in  the  upper  level,  tlie  sluice  is  shut,  the  upper  gates  opened,  and 
the  boat  hauled  into  the  lock.  The  upper  gates  are  then  dosed,  the  sluice  at 
the  lower  end  of  the  lock  opened  to  mscharge  the  water  into  the  lower  level, 
and  when  the  water  stands  at  the  same  height  in  the  lock  as  in  the  lower  level, 
the  sluice  is  shut,  the  lower  gates  opened,  and  the  boat  hauled  out  of  the  lock 
into  the  lower  level.  In  the  reverse  operation,  or  passing  a  boat  from  the  lower 
level  to  the  upper,  the  water  in  the  lock  is  fimt  reduced  to  the  height  of  the 
water  in  the  tower  level,  when  the  lower  gates  are  opened  to  admit  the  boat 
into  the  lock,  after  which  they  are  closed,  and  water  admitted  into  the  lock 
from  the  upper  level,  until  it  stands  at  the  same  height  in  each,  when  the  upper 
gates  are  opened,  and  the  boat  passed  into  the  upper  level.  The  operation  just 
described  is  extremely  simple  and  easy,  but  it  wuf  be  seen  that  at  each  transit 
of  a  boat  in  either  direction,  a  lock  full  of  water  is  drawn  from  the  upper  pond 
and  lost.  This  loss  is  of  such  consequence  on  some  canals,  that  the  water  is 
pumped  back  to  the  upper  level  by  a  steam  engine,  and  numerous  plans  have 
been  proposed  for  avoiding  or  lessening  this  loss.  On  the  Regent's  Canal  the 
locks  are  double,  and  placed  side  by  aide,  with  a  sluice  in  the  middle  pier  to 
admit  the  water  from  one  lock  into  uie  other.  In  passing  a  boat  from  the  upper 
to  the  lower  level  by  tliese  locks,  the  water  is  not  discharged  from  the  full  lock 
into  the  lower  level,  in  the  first  instance,  but  it  is  admitted  into  the  empty  lock 
until  it  stands  at  the  same  height  in  each ;  after  which  the  sluice  in  the  middle 
pier  is  shut,  and  the  remainder  of  the  water  discharged  into  the  lower  level,  by 
which  means  only  about  half  a  lock  full  is  lost  at  each  transit  Mr.  Brownill, 
of  Slieffield,  has  proposed  a  plan  for  passing  boats  from  one  level  to  another, 
with  very  little  loss  of  water,  which  we  shall  endeavour  to  describe  with  the 
assistance  of  the  engraving  on  the  following  pafe,  which  represents  a  vertical 
section  of  the  apparatus,  a  is  the  upper  level  of  the  canal ;  b  the  lower  level ; 
c  e  section  of  the  end  waUs  of  the  shsit  in  which  the  cradle  works ;  d  one  of  the 
side  walls  of  the  same ;  *  the  gate  of  the  upper  level ;  /  the  gate  of  the  lower 
level ;  g  Q  9i  number  of  bearings,  supporting  tlie  horizontal  axis  A,  on  which 
are  placed  the  large  sheaves  k  k,  over  which  the  suspending  chains  run  ;  to  one 
end  of  these  chains  is  attached  the  cradle  o,  and  to  the  other  end  is  hung  the 
counterbalance  /  (shown  in  dotted  lines),  which  rises  and  falls  in  a  side  shaft, 
there  being  a  similar  counterbalance  in  another  shaft  on  the  opposite  side  of 
the  main  shaft  d;  these  two  counterbalances  are  made  to  act  together  by 
means  of  the  large  wheel  n  acting  on  a  similar  wheel  on  the  axis  of  the  opposite 
counterbalance.  This  arrangement  the  inventor  terms  his  double  union  lift. 
The  cradle  o  has  a  sluice  at  each  end,  fitted  with  smaller  sluices  pp;  it  has 
also  a  double  bottom  g;  r  is  a  short  lever  at  the  lower  end  of  the  cradle, 
which  does  not  prevent  its  ascent,  but  as  soon  as  it  arrives  above  the  inclined 
plane  «,  its  upper  end  turns  over,  and  rests  aeaiust  the  dotted  lever  t,  termed 
the  release  lever ;  and  upon  allowing  the  cradle  to  descend  a  little,  the  lever 
r,  acting  upon  the  inclined  plane  t,  forces  the  cradle  over  against  the  sill  of 
the  gate  of  the  upper  level.  At  the  opposite  comer  of  the  cradle  is  a  similar 
apparatus  (not  shown  in  the  drawing,)  to  act  upon  the  inclined  plane  «.  To 
pass  a  boat  from  the  lower  level  to  the  upper  one,  the  cradle  is  forced  by 
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tfaa  nreaniM  of  Um  lem  upon  the  inclined  plane  x,  cloM  over  to  the  eatrauce  of 
the  lower  level;  th«  nnall  iluicelpp  me  then  opened  to  admit  the  water  into 
the  cradle,  until  it  itands  at  the  same  height  in  it  m  in  the  upper  level,  nhea 
the  larger  iluice  in  the  cradle  and  the  gate/ are  opened.  The  boot  ii  now  hauled 
bto  the  cradle,  aAct  which  the  eate  and  aluicea  are  again  closed,  and  the 
cotrnterbalancea  (which  coniiit  of  large  iroa  (anki  filled  with  water),  heing  at 
the  top  of  their  ihaAs,  ai  much  water  is  let  cut  from  the  double  bottom  q  of 
tha  cradle  o  ai  will  oaiue  the  counterhalancei  to  preponderate  when  they  descend, 
and  thereby  cauie  the  cradle  containing  the  boat  to  atcend  and  paw  the  inclined 


a  small  p 

■cent  on  reachuig  this  water ,  they  th 
•lightly,  and  allow  the  cradle  to  settle  on  the  inchned  plane  i,  whicu  (one*  it 


ptineii;  but  as  there  is  a  small  poTboD  of  water  m  the  ide  ihaAi,  the  o 
terbalances  are  checked  in  thetr  descent  on  reachuig  this  water ,  they  then  rise 


agaiiut  the  upper  level ;  the  small  sluice^  is  ni 

water  stands  at  the  same  level  on  each  side  of 

the  nte  of  the  canal  are  opened,  and  the  boat  con  then  pass  into  the  upper 

level.  If  nowaboat  is  tobepasied  from  the  upper  to  the  lower  level,  it  is  hauled 

into  the  cradle ;  the  gate  s  and  the  largo  sluice,  and  the  tmallw  slnice  ]>  are  all 
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■hut,  and  as  much  water  is  admitted  in  the  double  bottom  p  of  the  cradle  {horn 
a  side  resenroir,  shown  dotted,)  as  will  give  the  cradle  a  preponderance;  and  the 
release  lever  being  let  go,  the  lever  r  turns  over,  and  the  cradle  descends,  and 
on  reaching  the  bottom  of  the  shafl  it  is  passed  into  the  lower  level  in  the 
manner  described  for  passing  it  into  the  upper  one.  Hie  ends  of  the  cradle 
must  be  covered  with  stuffing  of  some  kind,  to  prevent  as  much  as  possible  the 
escape  of  the  water  when  the  sluices  are  open. 

CANDLE.     A  cylindrical  mass  of  tallow,  or  other  concrete  oleaginous 
matter,  having  in  its  axis  a  cotton  or  other  wick,  and  employed  to  hSord 
artificial  light.     Next  to  tallow,  the  substances  roost  extensively  used  are  wax 
and  spermaceti.     Some  valuable  substitutes  for  these  have  recently  been  dis- 
covered and  introduced  in  the  manufacture  of  candles,  which  we  shall  give 
an  account  of  in  this  article,  after  having  described  the  processes  employeid  in 
the  production  of  the  former.    There  are  two  sorts  of  tallow  candles,  dipt  and 
mowds ;  the  former  bein^  made  by  dipping  the  wicks  in  melted  tallow,  the 
latter,  by  casting,  or  pounng  the  fluid  tallow  into  moulds  containing  the  wicks 
stretched  longitudinally  throughout  their  centres.    The  cotton  used  for  making 
the  wicks  is  loosely  twisted,  and  is  prepared  for  the  manufacturer  in  large  balls, 
who  draws  out  a  thread  from  each  of  Ave,  six,  or  more  balls,  (according  to  the 
thickness  of  wick  required,)  and  cuts  them  off  to  the  length  of  the  intended 
candle.    The  apparatus  for  cutting  the  cotton  is  simply  a  smooth  board,  made 
to  fix  on  the  knees ;  on  the  upper  surface  is  the  blade  of  a  razor,  and  at  the 
required  distance  a  piece  of  cane  is  fixed,  around  which  the  cotton  is  carried, 
and  being  thence  brought  over  the  edge  of  the  razor,  is  instantly  separated. 
The  next  operation,  called  "pulling  the  cotton,"  consists  in  drawing  the  threads 
through  the  hand,  and  removing  knots  or  other  unevenesses.     The  cotton  is 
next  "spread,"  or  extended  between  two  rods,  about  half  an  inch  diameter,  and 
three  feet  long ;  these  are  called  broaches.     In  dipping  candles  by  hand,  the 
workman  takes  two  broaches  at  a  time,  strung  with  the  proper  number  of  wicks, 
and  holding  them  equidistant  by  means  of  the  second  and  third  fingers  of  each 
hand,  he  immerses  them  in  a  vat  containing  the  fluid  tallow,  three  times  suc- 
cessively for  the  first  lay  or  coat,  then  holds  them  for  a  while  over  the  vessel 
to  drain,  and  afterwards  suspends  them  on  a  rack  above,  where  they  continue  to 
drain.     When  this  first  coating  of  tallow  has  solidified,  the  workman  proceeds 
in  like  manner  to  give  them  their  second  coat,  by  dipping  them  twice  before 
hanging  them  again  to  drain  and  cool.    The  number  of  lays  or  coats  thus  given 
to  the  candles  depends  upon  the  thickness  they  are  required  to  be.    During  the 
operation  the  vat  is  supplied  from  time  to  time  with  fresh  tallow,  kept  at  a 
proper  temperature  by  means  of  a  gentle  fire  underneath  it.     Tallow-chandlers 
have  of  late  years,  however,  generally  availed  themselves  of  a  very  simple  and 
convenient  piece  of  mechanism  for  aiding  them  in  their  dipping  process.     Five 
or  six  of  the  broaches,  filled  with  the  cotton  wicks  as  already  described,  are 
fixed  at  both  their  ends  into  a  movable  firame,  which  is  suspended  over  the  vat 
upon  one  extremity  of  a  lever,  and  is  counterbalanced  at  the  other  by  weights 
in  a  scale,  which  are  increased  as  the  candles  become  heavier.  By  this  arrange- 
ment it  is  obvious  that  the  workman  has  only  to  ^ide  the  firame  in  dipping  the 
candles,  and  not  to  support  the  weight  between  his  fingers,  as  before  mentioned. 
It  is  said  that  other  mechanical  contrivances  have  been  introduced  for  the  same 
purpose,  but  we  are  not  aware  of  any  so  simple  and  efficient.    The  mould  in 
which  moulded  candles  are  cast  consists  of  a  frame  of  wood,  and  several  hollow 
metal  cylinders,  generally  made  of  pewter,  of  the  diameter  and  length  of  the 
candle  wanted,  and  having  an  aperture  at  each  end  for  the  cotton  to  pass 
through,  which  is  nerformed  by  a  wire,  the  cotton  being  fastened  so  as  to  keep 
it  straight  and  in  tne  centre  of  each  mould.    Tallow  being  poured  into  these 
moulds,  the  candle^  are  suffered  to  cool  and  harden,  when  they  are  readily 
withdrawn  out  of  the  tubea.    The  kind  of  candles  called  rush-lights,  differ  only 
by  their  containing  a  rush  as  a  substitute  for  the  cotton  wick,  which  prevents 
the  necessity  of  snuffing.      Lately,  however,  small  cotton  wicks  have   been 
introduced,  which  do  not  require  snuffing ;  these  burn  with  a  steadier  light,  and 
are  not  so  liable  to  go  out  as  those  with  rushes. 
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Wax  candles  are  also  of  Tarioua  kitids ;  they  are  made  of  cotton  or  flasen 
wicka,  and  covered  with  white  or  ccdoured  wax,  which  la  performed  either  6y 
the  ladle  or  by  the  hand.  In  making  them  by  the  ladle,  a  dozen  of  them  are 
tied  hy  the  wick  at  equal  distances  round  an  iron  ring,  suspended  over  a  large 
basin  of  copper,  tinned  on  the  inside,  and  full  of  melted  wax ;  a  large  ladleml 
of  this  wax  is  ^entlv  poured  on  the  tops  of  the  wicks  one  after  another,  and  the 
operation  continued  till  the  candles  arrive  at  their  destined  dimensions.  The 
first  three  ladlesful  are  poured  on  to  the  tons  d  the  wicks,  the  fourth  at  the 
height  of  three-fourths,  the  fifth  at  one  half,  and  the  sixth  at  (xie-fourth,  in 
order  to  give  the  candles  their  proper  form,  whioli  are  then  taken  down  and 
smoothea  bv  rolling  upon  a  walnut-tree  table,  with  a  smooth  box-wood  instru* 
menty  which  is  continually  mobtened  with  hot  water  to  prevent  the  adhesion  of 
the  wax.  In  makine  wax  candles  by  the  hand,  the  workmen  begin  to  soften 
the  wax  by  working  it  several  times  in  hot  water,  contained  in  a  deep  narrow 
cauldron.  A  piece  of  the  wax  is  then  taken  out  and  disposed  by  little  and  little 
around  the  wick,  which  is  hung  on  a  hook  in  the  wall,  br  the  extremity  opposite 
to  the  neck,  so  that  they  begin  with  the  large  end,  diminishing  still  as  they  ^kscend 
towards  the  neck.  In  other  respects,  the  method  is  nearly  the  same  as  in  the  before- 
mentioned.  There  is,  however,  this  difierence,— that  in  the  former  case,  water 
is  used  to  moisten  the  instruments,  while  in  the  latter,  the  hands  are  lubricated 
with  oil  of  olives,  or  lard,  to  prevent  the  adhesion  of  die  wax.  Wax  tapers  are 
drawn  after  the  manner  of  makit\g  wire.  By  means  of  two  large  wooden  rollers 
the  wick  is  repeatedly  passed  through  melted  wax  contained  in  a  basin,  pro- 
vided on  one  side  with  an  instrument  fiiU  of  holes,  throogh  which  the  cylinder 
of  wax  also  traverses  until  it  has  obtained  the  required  size. 

Candles  are  made  ft-om  spermaceti,  the  process  being  veiy  similar  to  that 
employed  in  making  tliem  of  tallow ;  they  are  abo  made  of  various 
mixtures  of  tallow,  spermacetiy  and  wax;  certain  proportions  of  which  con- 
stitute the  article  termed  composition  candles.  The  meritorious  investi- 
gations of  M.  Cbevreul,  concerning  the  true  nature  of  fiitty  substances,  which 
were  published  a  few  years  ago  in  the  Atmales  de  Chimie,  appear  to  have 
opened  a  wide  and  diversified  field  for  the  operations  of  the  manufacturer  and 
the  experimentalist  By  dissolving  fat  in  a  lai^e  quantity  of  alcohol*  and 
observing  the  manner  in  which  Its  different  portions  were  acted  upon  by  this 
substance,  and  again  separated  from  it,  M.  Chevreul  found  that  fat  is  composed 
of  an  oUy  substance,  wnich  remains  fluid  at  the  ordinary  temperature  of  tha 
atmosphere,  and  of  another /o/fy  substance  which  is  much  less  nisible.  Hence 
it  foUows  that  fat  is  not  to  be  regarded  as  a  simple  ]Hrinciple,  but  as  a  combi- 
nation of  the  above  two  principles,  which  may  be  sepaiatea  without  alteration. 
To  the  former  of  these  substances,  which  melts  at  460^  Fahr.,  and  has 
very  much  the  appearance  and  properties  of  vegetable  oil,  M.  Chevreul 
gave  the  name  of  elain,  and  to  the  latter,  which  melts  at  lOQo,  he  gave 
the  name  of  stearin  ;  this  is  separated  firom  the  former  by  crystallization 
in  the  form  of  small  silky  needles,  while  the  elain  u  obtained  by  evaporating 
the  spirit  M.  Bracconet  subsequently  employed  a  simpler  process  to  obtain  the 
elain  and  stearin ;  he  squeezed  the  tallow  oetween  folds  of  porous  paper,  which 
absorbed  the  elain,  leaving  the  stearin  between ;  the  paper  being  afterwards 
soaked  in  water,  yielded  up  its  oily  imprecation.  The  principle  of  M.  Brae- 
conet's  process  is  now  extensively  applied  by  manuiacturerB,  who  employ 
powerful  presses  to  squeeze  the  fluid  ou  from  the  tallow.  In  Uie  year  1825, 
M.  Gay  Lussac,  the  celebrated  French  chemist,  also  took  out  a  patent  for  this 
country  for  the  employment  of  the  stearin  (termed  likewise  amr^rarie  acid  from 
its  chemical  properties)  in  the  manufacture  of  candles ;  the  patent  likewise  ex- 
tending to  a  new  mechanical  construction  of  candles.  Of  the  several  processes 
that  may  be  employed  for  obtaining  the  margaric  aoid  for  this  purpose,  two  are 
particularly  descriptive  in  the  specification,  namely,  saponification  and  distiller 
tion  The  first  is  to  be  effected  by  incorporating  any  of  the  alkalies  with  the 
fat,  as  is  done  in  the  making  of  soap,  and  then  decomposing  the  soapy  fluid  by 
an  acid  that  has  the  greatest  affinity  to  the  peculiar  alkali  employed.  It  u 
recommended  that  the  decomposition  be  effe<^  in  a  lai^  quantity  of  watcv» 
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heated  bv  iteun,  which  should  be  kept  well  ttirred.  Beitie  afterwards  allowed 
to  rest,  the  products  will  float  on  the  sur&ce  in  a  condensed  and  solid  form.  If 
the  tallow  or  fiit,  thos  purified  from  the  matten  soluble  in  water,  should  still 
contain  any  of  the  salts  employed  in  the  prerions  nrocess,  it  is  to  be  washed  by 
additions  of  fttesh  quantities  of  warm  water,  until  tney  are  perfectly  discharged. 
This  being  done,  and  the  mass  of  ht  haying  become  solid  by  cooling,  it  is  to  ha 
subjected  to  the  action  of  a  oowerful  press,  similar  to  those  used  for  expressing 
ml  from  seeds,  when  the  fluia  oleic  acid  (or  elain)  will  run  ofl(  leaying  uie  mar- 
ffaric  acid  in  the  press,  from  which  proauet  the  candles  are  to  be  nwde.  The 
Sistilliug  process  is  conducted  by  exposing  the  fii^  in  an  ordinary  still,  to  the 
heat  of  a  nimace.  Steam  is  also  to  be  introduced  into  the  still  to  facilitate  the 
operation,  and  to  carry  oter  those  products  which  are  soluble  in  it,  through  the 
worm  or  condenser,  into  a  receiyer.  Care  must  be  taken  in  resulating  the  heat 
of  the  ftimaoe,  to  preyeni  discolouring  the  materials  in  the  stiTl  The  hi  thos 
prepared  is  to  be  purified  by  washing,  and  then  subjected  to  pressure  as  in  the 

Sreyiously  described  process.  For  the  more  perfect  purification  of  the  fat,  both 
be  foreffoing  operations  of  saponification  and  distillation  may  be  combined,  and 
the  residue  after  subjected  to  pressure.  The  margaric  acid  may  also  be  bleached 
by  exposure  to  the  sir  and  sun  the  same  as  in  the  bleaching  of  wax ;  the  oleic 
acidy  oir  fluid  oil,  inay  also  be  whitened  by  similar  means,  and  be  applied 
cenerally  to  the  same  pumees  as  the  yi^etable  oils.  The  form  of  M.  Oay 
iiUssac*s  candles  is  that  or  hoUow  cylinden,  through  which  a  stresm  of  anr 
passes  to  the  wick  (on  the  principle  or  the  argiind  burner  in  lamps)  for  the  pur- 
pose of  produting  a  nerfbct  and  yirid  combustion  of  the  tallow.  He  directs  that 
the  wick  be  formra  of^cotton  yam  twisted  rather  more  closely  than  usual ;  this  yam 
Is  to  be  wound  spirally  rodnd  a  metallic  rod  or  thick  wire,  in  the  same  manner  as 
wire  is  sometimes  coiled  round  the  large  strings  of  musical  instruments.  These 
rods,  coyered  as  described,  are  to  be  inserted  into  the  moulds 
used  for  making  candles ;  and  when  the  candles  haye  been  cast,  and 
the  tallow  become  hard,  tho  wires  are  to  be  withdrawn,  leaying 
the  wicks  behind  in  the  candles  with  a  perforation,  or  air  passage, 
Mual  to  the  siie  of  the  rods,  throughout  their  whole  length. 
We  have  thought  it  proper  to  introduce  this  account  of  M.  Oay 
LussaC's  specification  of  bis  patent,  because  it  affi>rds  clear  and 
judicious  instmctions  in  oohdueting  similar  operations.  The  pro-* 
oesses  possess  scarceljr  any  originality  in  the  mode  of  procedure ; 
and  as  regards  the  inyention  of  tne  candle  itself,  tne  French 
chemist  is  just  twenty  yean  behind  two  of  our  Own  countrymen, 
namely,  Messts.  I>esormeaux  and  Hutchings,  who  took  out  a 

Ktent  for  the  identicil  contriyanoe  in  the  year  1805.  It  is  per- 
ps  worthy  of  notice  here,  that  this  inyention  aflbrds  a  yenf 
remarkable  proof  that  many  indiyidUsls  may,  without  communw 
oation  or  knowledge  of  each  others'  ideas,  invent  precisely  the 
same  thing.  The  writer  of  this  article,  about  ten  years  ago,  spon- 
taneously thought  of  the  same  contrivance,  and  made  a  candle  of 
the  kind,  which  is  represented  in  the  annexed  cut  The  dotted 
lines  at  a  mark  out  the  central  aperture  for  the  air;  and  the 
wick,  which  is  bedded  in  the  middle  of  the  thickness  of  the  hollow 

2rlinder  of  tallow,  is  a  common  aigand  wick.  This  candle, 
^  though  not  fiibricated  in  a  workmanlike  manner,  gave  good 
indicatioiui  of  success  under  proper  management  Upon  mention- 
ing the  project  to  some  fHends,  We  learned  to  our  surprise  that 
seyend  other  persons  had  entertained  the  same  propositions,  each 
person  imagining  himself  to  be  the  sole  inventor.  In  like 
manner  we  were  informed  by  the  before-mentioned  gentleman, 
Mr.  Desormeaax,  that  he  had  patented  the  invention  at  the  time 
stated ;  that  a  lar^e  manufiictoiy  was  commenced  for  the  purpose 
of  making  the  article,  with  every  probability  of  success ;  and  that 
the  reason  why  tiie  manufacture  of  them,  was  not  carried  forward,  had  no  refer- 
ence to  the  practicability  of  the  scheme.    Seeing  that  the  subject  has  been 


CANDLES.  307 

taken  tip  by  scientific  as  well  as  practical  men,  we  are  confirmed  in  our  opinion 
that  important  results  may  yet  flow  from  prosecuting  the  plan,  if  undertaken 
by  some  intelligent  person.  We  are  not  wholly  indebted  to  tne  animal  kingdom 
for  a  supply  of  the  material  for  candles,  several  vegetable  oleaginous  substances 
having  been  recently  introduced  as  valuable  substitutes.  On  the  2d  of  Novem- 
ber, 1829,  a  patent  was  granted  to  Mr.  John  Soames,  jun.  of  Spitalfields,  for 
the  right  of  separating  the  constituent  principles  of  the  coooapnnt  oil  of  com* 
merce,  which,  from  its  consistence  at  ordinary  temperature,  is  also  called 
"  butter  of  cacao."  Before  the  date  of  this  patent,  cocoa-nut  oil  was  of  very 
limited  utility,  owin|r  to  the  presumed  necessity  of  artificial  heat  to  render  the 
mass  sufficiently  flmd  to  be  burned  in  lamps,  and  to  that  apparent  want  of 
solidity  which  is  required  in  the  manufacture  of  \»ndles.  Mr.  Soames's  pro- 
cess for  separating  the  fluid  from  the  solid  matter  in  cocoa-nut  oil  is  as  foUows : — 
the  oil  is  put  into  strong  linen  bags,  2  feet  long,  6  inches  wide,  and  1|  inch  thick; 
these  are  covered  with  stout  sack-clotha  mwie  for  the  purpose,  and  are  laid 
flat  upon  the  horizontal  bed  of  a  hydrostatic  press,  leaving  a  small  vacant  space 
between  the  bags.  Pressure  is  then  given  to  themi  and  continued  until  the  oil 
ceases  to  flow,  or  is  only  eiven  out  by  drops  slowly.  This  oil  being  received 
into  a  cistern,  is  allowea  to  stand  a  little  time  to  deposit  its  impurities,  after 
which  it  is  drawn  off  clear,  and  preserved  for  burning  in  lamps,  &c.  The  solid 
portion  being  now  taken  out  of  the  ba^  in  the  press,  is  next  to  be  purified  from 
the  other  vegetable  principles  with  which  it  is  usually  combined,  such  as  fibre, 
mucilage,  &c.  For  this  purpose  it  is  put  into  a  covered  boiler  of  tinned 
copper,  which  is  immersed  in  a  water-bath  to  prevent  the  liability  of  an  excess 
of  neat ;  there  is  then  added  to  it  two  parts,  (or  two  per  cent.)  by  weight,  of 
sulphuric  acid,  of  spec.  grav.  1.8,  diluted  with  six  parts  of  water.  Boiling  then 
coagulates  and  precipitates  the  foreign  matters,  which  may  be  separated  by 
skimming,  straining,  or  filtering,  while  warm  in  the  fluid  state,  and  by  allowing 
them  to  settle  in  uie  cold  state.  The  substance  thus  obtained  is  of  firm  con- 
sistence, and  forms  a  valuable  material  in  the  making  of  candles  that  are  now 
extensively  used.  In  the  Quarterlv  Journal  of  SeiencCf  an  interesting  account 
is  given  of  the  piney  tallow  tree  of  India,  which  we  introduce  in  this  work,  as 
the  writer  observes,  that  *'  it  may  be  imported  into  this  country  at  less  than 
one-fourth  the  price  of  wax ;  and  that  although  it  does  not  possess  all  the 
advantages  of  that  substance,  it  is  considerably  superior  to  animal  tallow."  This 
substance,  he  says,  "  is  a  concrete  inflammable,  partaking  of  the  nature  of  wax 
and  oil,  which,  from  its  appearance,  may  not  inaptly  be  termed  a  tallow.  It  is 
in  use  only  in  the  town  of  Mans^alore  (province  of  Canara),  and  is  there  em- 
ployed medicinally  as  an  extemiu  application  for  bruises  and  rheumatic  pains; 
and  likewise,  when  melted  with  the  resin  of  the  same  tree,  is  used  as  a  substi- 
tute for  tar  in  paying  the  bottoms  of  boats.  The  method  of  preparing  this 
material  is  simply  to  boil  the  fruit  in  water,  when  the  tallow  is  soon  found  to 
rise  to  the  surface  in  a  melting  state,  and  on  cooling  forms  a  solid  cake.  Thua 
obtained,  the  piney  tallow  (piney  is  the  native  name  of  the  tree  which  produces 
it)  b  generally  white,  sometimes  yellow,  greasy  to  the  touch,  with  some  degree 
of  waxiness,  almost  tasteless,  and  has  a  rather  agreeable  odour,  somewhat 
resembling  common  cerate.  It  melts  at  a  temperature  of  97|<>,  and  conse- 
quently remains  solid  in  the  climate  of  India,  in  which  respect  it  differs  from 
palm  or  cocoa-nut  oil :  wrapped  up  in  folds  of  blotting  paper,  and  submitted  to 
strong  pressure,  scarcely  sufficient  oil,  or  elain,  as  it  u  termed  by  M.  Braoeonot, 
is  expressed  to  imbue  the  inmost  fold.  Its  tenacity  and  soudity  are  such, 
that  when  cast  in  a  rounded  form  of  nine  pounds'  weight,  ttie  foroe  of 
two  strong  men  was  not  sufficient  to  cut  it  asunder  with  a  fine  iron  wire, 
and  even  with  a  saw  there  was  considerable  difficulty  in  eflecting  a  division. 
When  manufactured  into  candles,  it  comes  with  facility  from  the  moulds,  thus 
differing  from  wax,  which  does  not  readily  admit  of  being  cast;  it  ^ves  as 
bright  a  light  as  tallow,  and  has  the  advantage  of  that  material  in  being  free 
from  unpleasant  smell,  and  in  not  emitting  a  disagreeable  odour  when  extin- 
guished. It  unites,  in  all  proportions,  with  wax,  spermaceti,  and  tallow ;  and 
forms  compounds  with  the  two  former,  intermeidiate  in  their  melting  pointy 
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according  to  the  proportion  in  their  Ingredients,  and  better  adapted  to  the 
purpose  of  making  candles  than  the  pure  and  more  fusible  substance  itself." 
With  the  view  of  ascertaining  the  comparative  combustibility  of  piney  tallow, 
candles  of  the  materials  undermentioned  were  cast;  one  mould  was  used  for 
all,  and  the  wicks  were  composed  of  an  equal  number  of  threads.  Having 
been  accurately  weighed,  they  were  burned  for  one  hour  in  an  apartment  in 
which  the  air  was  unagitated,  and  at  a  temperature  of  55<*. 

Weight  io 
grains  when 
lighted. 

Wax 840 

Half  wax,  half  piney  tallow      .  770 

Spermaceti 760 

Half  sperm,  half  pmey  tallow  .  777 

AnImaJ  tallow         811 

Half  tallow,  half  piney  tallow  .  792 

Cape  wax 763 

Piney  tallow 812 

In  the  year  1830,  a  solid  substance,  resembling  wax  in  most  of  its  properties, 
was  obtained  by  M.  Manicler,  a  French  chemist  (lately  deceased),  from 

Salm  oil,  an  Englishpatent  for  which  was  taken  out  in  conjunction  with 
Ir.  James  Collier.  The  specification  states  that  the  process  consists  in  placing 
the  palm  oil,  or  butter  of  palm,  in  a  metallic  vessel  or  boiler,  made  of  tinned 
iron,  and  povided  with  a  close  cover  and  safety  valve,  upon  the  principle  of 
Papin's  Digester ;  water,  in  the  proportion  of  about  one-sixth  part  to  the  sub- 
stance being  added.  The  vessel  being  well  closed,  it  is  submitted  to  the  action 
of  fire,  so  as  to  raise  the  steam  to  a  pressure  of  two  or  three  atmospheres, 
which  operation  is  to  be  continued  for  two  hotirs.  After  the  material  has  been 
thus  prepared,  it  is  to  be  put  into  wrappers  of  linen  or  woven  horse  hair,  or 
both  may  be  used,  and  submitted  to  powerful  pressure:  by  this  means  the 
elain,  or  fluid  oil,  is  separated,  and  the  stearin  remains  in  we  wrappers  in  a 
solid  state.  Both  these  products  are  of  a  yellowish  brown  colour,  and  require 
a  process  of  bleaching  to  deprive  them  of  it  We  have  seen  candles  made  from 
the  stearin  of  palm  oil,  which  were  very  little  inferior  to  wax  in  illuminating 
power;  they  were  cast  in  moulds,  from  which  they  readily  separated  by  con- 
traction when  cold,  in  this  respect  nossessing  an  advantage  over  wax.  The 
odour  emitted  by  the  substance  is  like  palm  soap,  and  is  generally  considered 
rather  agreeable  than  otherwise.  It  may,  perhaps,  be  necessary  to  explain  to  the 
general  reader  that  the  palm  oil  of  commerce,  and  that  to  which  the  last 
mentioned  patent  relates,  is  the  produce  of  a  tree  growing  abundantly  in  Africa 
and  South  America,  where,  as  well  as  in  other  parts  of  the  world,  it  is  obtained 
from  the  outer  shell  or  pulpy  rind  of  the  palm  nut,  while  the  kernel  of  the  nut 
contained  within  the  inner  indurated  shell  is  thrown  away  as  useless  in  the 
preparation  of  ofl  or  other  oleaginous  articles  of  commerce.  These  kemeU^ 
nowever,  have  been  recenUy  found  to  abound  in  oleaginous  matter  of  superior 
Quality,  eminently  calculated  for  the  production  of  candles,  besides  generally  for 
tnose  purposes  for  which  fluid  and  concrete  oils  are  used.  For  the  introduction 
and  apphcation  of  this  valuable  {refute)  matter,  the  public  is  indebted  to 
Mr.  John  Demeur,  who  has  recently  taken  out  a  patent  for  this  interesting 
discovery.  The  process  described  by  the  patentee  in  his  specification  is  as 
follows:  ^'I  first  subject  the  kernels  to  a  slight  heating  in  an  oven,  or  other 
convenient  apparatus,  canying  the  process  only  so  far  as  to  render  the  kernels 
comparatively  crisp  and  brittle  when  cold,  which  facilitates  the  subsequent 
operation  of  grinding  them  to  a  paste  in  a  mill.  This  paste  I  dilute  with  one- 
fourth  of  its  weight  of  boiling  water,  and  then  put  it  into  bags  (of  the  usual 
kind  employed  in  oil  mills),  wherein  I  subject  it  to  mechanical  pressure  by  the 
ordinary  mechanism  employed  fbr  similar  purposes,  preferrinfi;,  however,  to 
place  the  said  bags  containing  the  paste  between  heated  metallic  plates,  fiy 
Ihe  joint  action  of  heat  and  pressure  so  applied,  che  oleaginous  matter  is 
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copiously  exuded  through  the  intentices  of  the  bags,  and  is  coneeted  in  suitable 
receivers  to  underro  a  purification.  This  purification  I  usually  efiect  by  remelting 
the  last  mentioned  product,  and  filtering  it  whilst  in  a  fluid  state ;  and  if  it  be 
desired  to  purify  or  refine  it  still  farther,  or  to  remove  the  slight  tin^  of  colour 
it  may  yet  possess,  I  again  melt  it  in  a  metallic  vessel  coated  with  tm,  and  mix 
therewith,  by  agitation  or  stirring,  some  very  dilute  sulphuric  acid.  By  this 
process  the  impurities  are  precipitated,  or  subside,  by  rest,  to  the  bottom  of  the 
vessel,  and  the  oleaginous  matter  floats  above  the  water,  whence  it  is  removed, 
and  subsequently  consolidated,  by  evaporating  the  aqueous  particles  that  were 
commixed  with  it  in  the  previous  operation.  The  product  resulting  from  the 
last  described  process  is  a  white  and  partially  concrete  matter,  as  it  consists  of 
the  two  distinct  substances,  termed  elain  and  stearin,  the  former  of  which  is 
fluid,  and  the  latter  solid,  at  our  ordinary  atmospheric  temperature.  To  separate 
these,  ihey  are  subjected  again  in  bags  to  mechanical  pressure,  without  the  aid 
of  artificial  heat,  if  the  weather  be  warm ;  but  if  the  air  be  uuder  65o,  the 
application  of  a  slight  deme  of  heat  will  assist  the  operation,  and  cause  a  fine 
fluid  oil  to  be  expressed,  leaving  the  stearin  in  the  baes  of  a  similar  consistence 
to  wax  or  spermaceti,  and  from  which  candles,  scarcely  inferior  to  those  fabri- 
cated of  the  last  mentioned  substances,  and  very  superior  to  those  of  tallow, 
are  made.  Having  noticed  the  several  important  materials  that  have  been 
introduced  into  the  modem  manufacture  of  candles,  we  shi^  proceed  to  describe 
some  very  recent  and  ingenious  improvements  in  their  construction  and  com- 
position, which  have  been  the  subject  of  patents. 

Dr.  Bulkeley,  of  Richmond,  in  Surrey,  took  out  a  patent,  dated  January  26, 
1830,  for  a  plan  of  making  tallow  candles  with  an  exterior  casins  of  wax,  and 
also  for  effecting  a  saving  m  the  material  used  for  wicks,  as  well  as  to  obvia^ 
the  necessity  of  snuffing.  He  uses  a  metallic  mould,  of  the  description  generally . 
employed  in  the  mani&cture  of  mould  candles,  and  fills  it  with  melted  wax. 
Now,  as  the  portion  of  the  wax  which  is  in  contact  with  the  interior  surface  of 
the  mould  wul  become,  by  the  conducting  pnowers  of  the  metal,  first  cooled  or 
set,  as  it  is  termed,  the  wax  remaining  flmd  in  the  centre  of  the  mould  is  poured 
ofl^  leaving  within  the  mould  a  holbw  cylinder  of  wax,  which  is  afterwards 
filled  with  tallow,  or  any  other  material  which  melts  at  a  lower  temperature 
than  wax.  With  respect  to  the  wick,  the  patentee  introduces  a  small  thread  up 
the  centre  of  the  candle,  for  the  purpose  of  constituting  a  guide  for  a  short 
cotton  wick,  which  is  plaited  with  a  piece  of  straw  wimin  it,  to  receive  the 
thread.  Thb  short  wick  rests  on  the  surfiice  of  the  taUow,  which  it  raises  by 
its  capillaiy  attraction  for  the  supply  of  the  combustion ;  and  as  it  descends 
upon  the  thread  as  the  tallow  is  melted,  the  top  of  it  is  never  removed  so  &r 
fin>m  the  tallow  as  to  carbonize  and  require  snufitog,  which  is  the  case  with  < 
wicks  of  the  ordinary  construction.  The  ordinary  mode  of  manufacturing  wilx 
candles,  described  in  the  early  part  of  this  article,  has,  we  understand,  been 
resorted  to,  on  account  of  the  presumed  difficulty  of  removing  them  firom  the 
moulds,  to  which  they  firmly  adhere,  if  cast  therein.  To  obviate  t^  difficulty, 
Dr.  Bulkeley  places  a  block  of  box-wood,  having  a  cavity  in  it  to  receive  the 
lower  ends  of  the  candle,  in  contact  with  the  annular  edge  of  the  mould ;  then 
striking  the  block  a  few  smart  blows  with  a  mallet,  he  detachei  the  candles  firom 
the  moulds. 

A  patent  wa^  also  granted  on  the  4th  February,  1830,  to  Mr.  Charles  T. 
Miller,  of  Piccadilly,  Westminster,  for  certain  improvements  in  making  candles. 
These  consist  in  the  use  of  a  smiUl  dlaas  ring,  which  is  placed  over  the  wick, 
and  descends  as  the  candle  bums.  The  object  in  view  is  to  prevent  the  candle 
firom  wasting  or  guttering,  which  it  effects  by  the  glass  ring  conducting  a  greater 
quantity  of  heat  to  the  centre  of  the  candle  tnan  that  which  reaches  the  exterior; 
so  that  candles  provided  with  this  ring  bum  hoUower  in  the  centre  than  others, 
and  the  exterior  tallow,  or  composition  of  which  the  candles  are  made,  stands 
higher,  and  descends  to  the  wick  as  soon  as  it  is  melted.  The  method  of  manu- 
tacturing  the  candles  with  the  glass  rings,  as  described  by  the  patentee,  consists 
fn  putting  the  ring  oVer  the  wick  after  it  has  been  placed  in  the  centre  of  the 
mould,  which,  bemg  inverted,  as  it  is  while  being  filled  with  the  oleaginous 
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matter,  the  ring  descends  until  it  reaches  that  part  of  the  conical  extremity  of 
the  mould  which  is  equal  in  diameter  to  the  exterior  of  the  ring,  when  it  rests, 
and  becomes  fixed  in  the  candle.  From  an  experiment  which  we  have  witnessed 
with  spermaceti  candles,  made  by  Mr.  Miller  according  to  the  plan  described, 
they  appear  to  answer  the  purpose  intended. 

Mr.  John  Murray,  in  a  letter  to  the  editor  of  Bremter't  Journal,  states  that 
tallow  candles  may  be  materially  improved  by  previously  steeping  the  cotton 
wicks  in  lime  water,  in  which  there  has  been  dissolved  a  considerable  quantity 
of  t^e  nitrate  of  potass.  The  chlorate  of  potass  is  preferable  to  the  nitrate, 
but  the  great  enense  of  the  former  salt  precludes  its  employment  on  the  lam 
scale.  The  wicks  should  be  well  dried  before  the  tallow  is  put  to  them.  By 
this  process,  Mr.  Murray  states  that  the  candles  afford  a  purer  flame  and  a  more 
brilliant  light;  the  combustion  of  the  wick  u  so  complete  as  to  render  the 
snuffing  of  them  nearly  superfluous ;  and  that  they  do  not  ran  or  gutter. 

With  similar  objects  in  view,  Mr.  William  Palmer,  of  Wilson-etreet,  Finsbury- 
square,  London,  ootained  a  patent,  dated  10th  August,  1830.  He  applies  to 
about  a  tenth  portion  of  the  strands  composing  the  wick,  a  quantity  of  bismuth 
in  a  finely  divided  state,  or  else  the  nitrate,  or  any  other  similar  preparation  of 
bismuth.  The  portion  of  wick  thus  prepared  is  to  be  sunrounded  widi  more 
strands,  till  it  becomes  half  the  thickness  required  for  the  wick.  It  is  then  to 
be  cut  into  pieces,  corresponding  in  length  with  twice  that  of  the  candle  for 
which  it  is  intended.  Tne  wick  is  next  twisted  spirally  round  a  thick  wire  in 
contrary  directions,  a  notch  being  made  in  the  lower  end  of  the  wire  to  receive 
the  middle  of  the  wick ;  and  the  upper  end  is  bent  into  a  rectangular  loop,  to 
retain  Uie  two  ends  of  the  wire  together,  and  to  facilitate  its  removal  when  the 
milling  of  the  candle  is  completed,  which  is  to  be  effected  by  either  moulding 
or  dipping  in  the  usual  manner.  The  combustion  of  the  wicks  of  candles 
maiiuractured  in  this  way,  with  a  portion  of  bismuth  in  combination  with  the 
wick  made  of  the  double  spiral  form,  causes  the  two  upper  extremities  of  the 
spiral,  in  the  act  of  burning,  to  curl  over  to  the  opposite  sides  of  the  candles, 
where  they  are  accessible  to  an  additional  quantify  of  oxygen,  and  the  com- 
bustion is  in  consequence  so  intense  as  to  leave  no  carbonaceous  matter  to 
impede  the  light,  or  to  require  removal  by  snuffers.  We  shall  close  our 
article  on  this  subject  by  the  translation  of  a  French  Brevet  ^Inventiont  granted 
to  M.  Lorraine,  of  Paris,  for  the  manufacture  of  perfiimed  imitative  wax  candles, 
which  we  think  is  calculated  to  afford  some  useiful  practical  hints  to  the  British 
tallow  chandler.  "  Candles  made  of  tallow  only,"  observes  M.  Lorraine,  "  are 
unctuous,  opaque,  greasy,  little  sonorous,  especially  in  summer,  liable  to  run  or 
gutter,  and  readily  acouiring  a  rancid  smell.  These  inconveniences  are  avoided 
by  putting  fat,  which  nas  been  melted  and  ran  into  cakes,  to  ferment  in  a  stove 
Wtiere  the  heat  is  moderate ;  this  fat  distils,  and  throws  off  an  oily  liquor,  which 
is  removed  with  a  piece  of  linen  or  a  sponge.  To  6*00  the  grease  from  the 
fleshy  and  fibrous  parts  by  which  it  is  accompanied,  it  is  first  chopped,  and 
after  being  washed  m  several  waters,  it  is  boiled  with  a  given  quantity  or  Roman 
alum.  The  alum  soon  separates  and  destroys  the  heterogeneous  parts,  and  we 
obtain  a  pure  clear  fiit,  which  will  last  a  very  long  time.  The  fat  chopped  and 
melted,  is  ran  into  buckets  fUll  of  water  disdUed  from  aromatic  simples,  such 
as  lavender,  thyme,  rosemary,  &c.  The  fat  and  water  are  beaten  together  with 
a  spatula,  to  effect  an  union.  After  forty*eight  hours  the  fat  is  separated  from 
the  water,  by  means  of  a  water  bath ;  the  water  alone  is  disengaged,  and  the 
aromatic  and  odoriferous  parts  remain  incorporated  with  the  fat.  To  complete 
the  purification,  tiie  fat  is  liquefied  and  scummed,  till  no  foreign  substance  nor 
water  remains :  Ihis  will  be  known  by  the  limpid  state  of  the  fat,  which  then 
yields  only  a  pure  white  scum.  Still  greater  purity  is  obtained  by  a  second 
quantify  of  alum  incorporated  with  the  tallow.  Before  casting  or  running  the 
candles,  a  composition  is  made  of  half  wax  and  half  spermaceti,  which  serves  to 
prepare  the  wicks.  This  composition,  harder  and  more  cohesive  than  the  tallow, 
makes  the  candles  less  subject  to  gutter,  to  become  firmer,  last  longer,  and 
require  less  snuffing.  At  the  moment  of  removing  the  pure  liouefied  tallow  firom 
the  fire  to  cast  the  candles,  a  certain  quantify  of  gum  Arabic,  oissolved  in  water, 
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and  united  with  a  small  quantity  of  wax  and  alum,  is  incorporated  with  it  The 
whole  are  beaten  together;  and  when  the  tallow  has  settled  weU,  and  cooled  to  a 
certain  temperature,  it  is  poured  into  the  moulds.  By  this  preparation,  in  pro- 
portion as  tne  cooling  takes  place,  the  foreign  substances  proceed  to,  and  .fix  at 
the  surface  of  the  candles,  formine  a  kind  of  covering  pleasant  to  the  touch, 
like  wax  candles.  This  covering  fuso  prevents  the  candles  from  guttering,  and 
enables  a  person  to  handle  and  even  rub  them  without  greasing  the  fingers,  and 
without  communicating  any  other  smell  than  that  of  the  aromatics  entering  into 
the  composition.  The  last  operation  for  preventing  the  guttering  of  the  candles 
when  burning,  and  giving  more  solidity  to  them,  is  to  prepare  some  glover's  size 
very  weak,  and  boiled  with  another  quantity  of  gum  and  alum,  and  to  pass  a  hair 
pencil  dipped  in  this  size,  all  over  the  candles,  and  the  next  day  afler  they  may  be 
used.  Candles  prepared  in  this  way  are  dear,  transparent,  sonorous,  and  last 
longer  than  others ;  they  feel  Uke  bougies,  and  have  the  colour  of  pure  wax." 
CANNON.  In  military  affairs,  a  lone  cylindrical  tube  for  throwing  projec- 
tiles by  the  explosion  of  gunpowder,  of  such  dimensions  as  to  reqmre  to  be 
supported  upon  a  carriage,  with  liberty  to  recoil  after  firing ;  in  which  circum- 
stance it  diners  from  fire-arms  of  the  smaller  sort,  as  pistols,  carabines,  &c. 
which  may  be  fired  from  the  hand  or  shoulder,  and  from  an  intermediate  class, 
as  musketoons,  duck  guns,  &c.,  which  are  fired  from  a  rest  The  date  of  the 
invention,  and  the  name  of  the  inventor,  are  imknown  :  it  is  certain  that 
Edward  employed  cannon  at  the  battle  of  Cressy,  a.  d.  1346 ;  but  records  are 
extant  showmg  that  they  were  known  in  France  as  early  as  the  year  1338 ;  and 
Isaac  Vossius  asserts  that  they  were  used  in  China  1700  years  ago.  For  some 
time  after  the  invention  of  cannons  in  Europe,  they  were  formed  of  bars  of 
wrought  iron,  fitted  together  lengthways,  or  of  sheets  of  iron,  rolled  iip  and 
fastened  together ;  and  in  both  cases  hooped  with  iron  rings.  They  were  ex- 
tremely heavy  and  cumbersome,  and  principally  used  for  throwing  large  stones 
to  short  distances,  like  the  machines  of  the  ancients  which  they  succeeded. 
These  were  gradually  supplanted  bv  brass  cannon  of  much  smaller  calibre,  and 
which  threw  iron  and  leaaen  balls  mstead  of  stones.  These  guns  were  first  cast 
of  a  mixture  of  tin  and  copper,  and  from  that  circumstance  called  gun -metal ; 
but  subsequently,  as  the  use  of  cannon  became  more  general,  cast  iron  guns 
were  used  on  account  of  their  being  much  cheaper ;  and  at  present,  guns  for 
the  naval  service,  and  for  batteries,  are  generally  cast  of  iron,  whilst  field 
pieces  and  horse  artillery,  are  mostly  formed  of  brass.  When  the  process  of  cast- 
ing guns  was  first  resorted  to,  the  guns  were  cast  with  hollow  chambers,  which 
were  afterwards  perfected  by  boring ;  but  the  present  practice  is  to  cast  them 
solid,  and  form  the  cavity  entirely  by  boring.  In  1 828  a  patent  was  granted  to 
Mr.  Joshua  Horton,  for  a  method  of  forming  cannon,  and  other  lorn  cylinders, 
of  wrought  iron  or  steel,  or  mixtures  of  both.  The  process  is  as  follows : — A 
number  of  bars  a  a  are  to  be  bound  together  by  binding  hoops  6  6,  as  shown  in 
Figs.  1  and  3,  and  placed  in  a  furnace.  When  they  have  acquired  a  weldine 
heat,  they  are  to  be  withdrawn  and  placed  on  a  maundrel,  and  hammered 
together  by  heavy  hammers,  and  if  necessary,  heated  aeain  until  they  are  per- 
fectly united ;  the  bars  should  be  wedge  shaped,  or  wider  on  the  outside  uian 
on  the  side  which  is  to  form  the  interior  of  the  cylinder;  but  any  of  the  forms 
shown  in  Fig,  1  will  do.  If  die  cylinder  is  intended  for  a  cannon,  the  bars 
should  be  thickest  at  the  breach  end;  and  if  deemed  necessary,  the  interior  may 
be  formed  of  steel,  by  placing  a  layer  of  steel  bars  within  the  iron  bars.  The 
breach-piece  may  either  be  formed  in  one  piece  with  the  rest,  or  it  may  be  forged 
separately  and  screwed  into  the  gun,  as  shown  in  Fig,  4.  The  trunnions 
may  also  be  formed  with  the  gun ;  but  the  patentee  recommends  that  they 
should  be  formed  in  a  separate  ring,  and  attached  to  the  gun  either  by  an  ex- 
ternal screw  cut  on  the  gun,  and  fitting  into  an  internal  screw  in  the  ring,  as 
shown  in  Fig.  4,  or  by  keys,  as  in  Fig.  2.  These  separate  trunnions  the 
patentee  recommends  as  possessing  great  advantages,  from  the  facility  with 
which  the  gun  may  be  tendered  useless  by  removing  the  trunnions,  when 
necessary  to  abandon  it  to  the  enemy.  After  the  welding  is  completed,  the 
piece  is  to  be  finished  by  turning  and  boring.    At  the  first  mention  of  this 


melbodof  conitractinBgun*,  it  leemi  limikr  to  thftt  followed  at  the  firatiottti- 
duction ;    but  the  eanier  cannon  formed  of  iron  ban   irera  merdj  hooped 


re  Tery  early  known.  la  proof  of  this  we  may  cite  the  following 
cunoui  fact : — la  the  year  1S27,  afiabernian  whilst  fishing  in  a  boat  eishi  milst 
to  the  eastward  of  Calais,  brought  up  in  his  net  &om  the  bottom  of  the  lea  a 
■mall  piece  of  ordnance  of  a  very  ungular  construction,  reaembling  exactly  the 
lepresentatiaiis  of  cannon  in  three  ancient  historical  paintings  in  the  dining 
parlour  at  Cowdry,  in  Susaex,  one  of  the  seats  of  the  late  Lord  Viscount  Montagu. 
liie  fint  painting  repreKQta  the  march  of  King  Henry  VIll.  trom  Calais  towards 
Boulogne ;  the  second,  the  encampment  of  the  EngliBb  forces  at  Morqueson ;  and 
the  third,  the  taking  of  Boulogne,  in  1544.  The  resemblance  will  be  instantly 
perceived  by  referring  to  the  sketch  on  the  following  page ;  J^.  1  representing 
the  cannon  as  seen  in  the  paintings,  and  the  other  Sgaiet  eichiluling  with  all  iti 


porting  1 


rhat  like  half  a  cone,  the  broadest  end  being  next  to  ihe  sfa^b,  and 
the  gmaller  end  being  constructed  with  sharp  points ;  uie  hood  probably  being 
intended  aa  a  shield  to  protect  the  artillery  men  trom  the  fire  and  arrows  of  the 
enemy,  and  the  points  at  tome  defence  against  a  chaige.  lig.  2  ie  a  horizontal 
view  of  the  new  found  gun;  Fig.  3  a  longitudinal  section  of  the  same;  and 
Fig.  4  a  bird's-eye  Tiew  of  it ;  I  representing  the  tail  bit,  also  of  iron,  forming 
part  of  the  cannon,  and  serving  to  adjust  it  with  eate  in  taking  aim.  The 
gun  when  first  brought  up  from  the  bottom  of  the  sea  was  covered  with  a 
aort  of  petrified  rust,  about  two  inches  thick,  which  being  removed,  the  diameter 
of  the  gun  at  the  middle  was  found  to  be  3  inches,  its  bore  for  the  passage  of 
thebuUet  It  inch,  and  the  length,  including  the  tail-piece,  S  feet  11  indies,  and 
iti  WMght  64  lbs.  Upon  examination  it  was  found  to  be  ttiil  charged,  having 
in  it  powder  and  a  Itaden  bulletj  irom  which  circumstance  we  may  conclude 
that  cast  iron  balls  -were  not  known  at  the  time  when  the  cannon  had  been 
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CANNON. 

ehargad.  Tli*  bullet  h»d  a  covering  of  tow, 
1.4  inch.  A  A  and  C  in  FSgi.2,  3,  and  4,  t 
breecfa,  whteb  was  detached  and  taken  out  of  the  after  part  of  the  gun  wben 
imniired  to  be  loaded  with  powder ;  thia  being  charged,  and  the  cartridge  mo- 
penjr  secured  b;  driving  down  an  oaken  plug  dtgt  it,  the  ballet  wai  put  into 
the  gun  at  tfae  breech,  and  the  ihifting  breech  replaced  in  its  original  poaition, 
and  firmly  lecured  b;  an  iron  wedge  ODD,  J^.  2,  3,  4,  driven  in  behind  it 
horiiontaUy  acroai  the  gun.    The  ihifting  breech  is  shewn  separately  in  Fig.  6, 


te 


i   '  i 


and  the  wedge  in  ^.6,  E,  Fig.  7,  i*  the  figure  of  the  afler  part  of  the  barrel 
of  the  gun,  and  F  is  the  other  half  within  the  dotted  circumference,  this  being 
eul  ofTso  oa  to  take  out  and  replace  the  shifting  breech  with  facility,  gg,  Jfgs.2 
and  3,  show  the  leaden  buUet  ui  front  of  the  ihifling  breech.  It  is  a  remartiable 
fact  (hat  the  shifting  breech  appertaininz  to  this  cannon  is  similar  in  principle 
to  (henUenf  shifting  breech  on  some  fowling-pieces  of  modem  times. 

^e  shall  eondude  this  subject  with  a  detcnp^on  of  the  apparatus  employed  for 
boring  cannon.  Formerly  the  cannons  were  auipended  in  sliding  frames  vertically 
over  uie  boring  tool,  and  the  tool  wu  made  to  revolve,  the  cannon  descending 
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CAOUTCHOUC. 


gradually  as  tbe  tool  bored  the  interior;  but  in  the  present  method  of  boring,  the 
sun  is  supnorted  horizontally  in  a  lathe,  and  revohres,  the  cutter  advancing 
in  a  right  fine.  An  apparatus  of  this  description  is  represented  in  the  accom- 
panying figure.  The  cannon  a  is  accurately  centered  in  the  chuck  6,  and  Uie 
collar  c,  which  may  be  set  at  any  part  of  the  bed  d  of  the  laUie  to  suit  the 


length  of  the  gun;  e  is  the  borine  tool,  supported  by  bearings  in  the  frame/, 
and  connected  to  the  rack  g»  The  rack  is  made  to  advance  in  a  chase  mor- 
tice h,  by  means  of  a  pinion  k  actuated  by  a  weighted  lever  L  The  cannon  is 
caused  to  revolve  by  a  nand  passing  over  the  rigger  m,  and  the  operations  of 
boring  the  interior,  and  turning  the  exterior,  are  carried  on  at  the  same 
time. 

CANOE.  A  sort  of  boat  or  vessel  used  by  the  natives  of  various  uncivilized 
countries.  They  are  c^enerally  composed  of  the  trunk  of  a  tree  hollowed  out, 
and  are  usually  impelled  by  paddles  instead  of  oars.  The  most  singular  canoes 
are  those  of  the  Ladrone  Islands,  which  are  adapted  to  sail  with  either  end 
foremost,  so  as  always  to  expose  the  same  side  to  the  wind.  From  their  great 
velocity  when  saiUns^,  they  are  commonly  called  the  **  Flying  Boats,  the 
Spaniards  declaring  uat  they  have  been  known  to  go  35  miles  per  hour. 

CANTHARIDES.  InsecU  vulgarly  called  Spanish  flies :  they  are  chiefly 
used  on  account  of  their  vesicating  or  blistering  properties.  The  insect  is  about 
two-thirds  of  an  inch  in  length  and  one-fourth  in  breadth,  oblong,  and  of  a 
gold  shining  colour,  with  soft  wing  sheaths,  marked  with  three  longitudibaal  stripes, 
and  covering  brown  membranous  wings.  The  genuine  cantharides  are  sometimes 
mixed  with  other  insects  of  a  square  form,  with  black  feet,  which  possess  no 
vesicating  property. 

CANTILEVERS.  In  architecture,  pieces  of  timber  projecting  horizontally, 
used  to  support  the  eves  of  a  house,  a  balcony,  &c. 

CANVASS.  A  cloth  of  hemp,  unbleached,  and  of  various  degrees  of  fine- 
ness ;  used  principally  to  form  the  sails  of  ships,  but  also  by  painters,  and  for  a 
variety  of  other  purposes. 

CAOUTCHOUC.  A  soft,  dense,  elastic,  resinous  substance,  usually  called 
India  rubber,  but  sometimes  very  improperly  elastic  ffum*  It  is  obtained  from 
the  milky  juice  of  several  plants,  the  chief  of  which  are  the  Jatropha  elastica, 
and  Urceola  elastica.  The  juice,  which  is  obtained  by  incision,  is  received  in 
successive  coatines  on  pieces  of  day,  and  dried  by  the  sun,  or  a  fire  made  from 
dried  leaves :  as  fast  as  one  layer  is  dried,  another  is  added,  until  it  obtains  Uie 
required  thickness,  when  the  cUy  mould  is  broken,  and  the  tough  leather-like 
substance  taken  out  The  wonderful  elasticity  of  this  substance,  and  its  resist- 
ance to  water,  has  of  late  years  brought  it  into  extensive  use  for  making  water- 
proof garments,  besides  many  other  purposes*  Its  solvents  are  ether,  volatile 
oils,  and  petroleum.  The  ether,  however,  must  be  washed  with  water  repeat- 
edly, when  it  dissolves  it  completely.  Pelletier  recommends  the  caoutchouc  to 
be  boiled  in  water  for  an  hour,  then  to  be  cut  into  thin  shreds,  then  boiled  again, 
and  afterwards  put  into  rectified  sulphuric  ether  in  a  vessel  closely  stopped. 
Bemeard  consiaers  the  nitrous  ether  as  preferable.  When  this  solution  is 
spread  upon  any  object,  the  ether  quickly  evaporates,  and  leaves  the  surface 
perfectly  covered  with  the  elastic  resm.  A  solution  of  caoutchouc  in  ^vt  times 
Its  weight  of  oil  of  turpentine,  and  this  solution  dissolved  in  eight  times  its 
weight  of  drying  linseed  oil,  is  said  to  form  the  varnish  of  air  bdjloons. 
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Caoutchouc  may  be  formed  into  varioiu  articles  without  imdergoing  the  process 
of  solution.  If  it  be  cut  into  a  uniform  slip  of  a  proper  thicluiess,  and  wound 
spirally  round  a  glass  or  metal  rod,  so  that  the  edges  shall  be  in  dose  contact, 
and  in  this  state  be  boiled  for  some  time,  the  edges  will  adhere  so  as  to  form  a 
tube.  Pieces  may  be  firmly  united  by  merely  heating  their  e^ges  and  pressing 
them  together.  Within  these  few  years  Messrs.  Hancock  and  Mackintosh 
have  obtained  several  patents  for  various  modes  of  applying  this  valuable  sub- 
stance, which  are  daily  rising  into  notice.  The  patent  caoutehouc  pipes  are 
formed  of  alternate  layers  of  solid  or  dissolved  caoutehouc  and  canvass,  or  other 
suitable  medium,  and  by  pressure  united  into  very  tough  pipes  of  any  required 
bore  or  strength,  without  any  stitch  or  seam,  the  weakest  of  which  it  is  said  is 
capable  of  bearing  a  pressure  of  600  lbs.  per  square  inch. 

CAPILLARY  Tubes,  in  Physics,  are  very  small  pipes,  whose  canals  or 
bores  are  exceedingly  narrow,  their  usual  diameter  not  exceeding  one-twentieth 
or  one-thirtieth  of  an  inch,  and  in  some  cases  being  made  so  small  as  to  be 
scarcely  perceptible.  One  of  the  most  singular  phenomena  of  these  tubes  is, 
that  if  they  are  left  open  at  both  ends,  and  one  end  immersed  in  water,  the 
water  will  rise  in  the  tube  to  a  considerable  height  above  the  surface  (rf  that 
into  which  the^  are  immersed,  the  height  being  inverselv  as  the  diameters  of 
the  tubes.  Different  fluids,  however,  attain  different  heights,  and  quicksilver 
does  not  rise,  but,  on  the  contrary,  stends  higher  outside  the  tube  than  within. 
Various  hypotheses  have  been  invented  to  account  for  this  ascent  of  fluids :  at 
the  present  day  it  is  attributed  to  a  species  of  attraction,  supposed  to  exist 
between  the  fluid  and  the  tubes,  and  which  is  hence  denonunated  capillary 
attraction. 

CAPSTAN.  A  machine  employed  in  large  vessels,  principally  for  **  heaving 
up  or  weighing  "  the  anchor.  It  consists  of  a  drum  or  barrel,  revolving  upon 
an  upright  spindle,  and  havine  holes  cut  in  the  upper  part  or  drum  head,  to 
receive  the  ends  of  a  series  of  horizontal  levers,  named  capstan  bars.  The  cable, 
or,  in  very  large  vessels,  a  smaller  rope,  called  the  messenger,  attached  to  the 
cable,  is  wouud  two  or  three  times  round  the  barrel,  and  as  the  capstan  is  turned 
round  by  a  portion  of  the  crew  distributed  at  the  capstan  bars,  another  portion 
of  them  teke  in  the  slack  of  the  cable  or  messenger,  as  it  is  unwound  off  the 
barrel  of  the  capstan.  The  capstan  is  superior  to  the  windlass  in  point  of 
expedition,  owing  to  the  circumstance  of  the  latter  requiring  the  levers  to  be 
shifted  into  fresh  holes  four  times  in  each  revolution ;  and  more  men  can  also 
be  employed  at  the  capsten  bars  than  at  the  hand-spikes  of  a  windlass ;  but  the 
men  exert  their  strength  more  effectually  at  the  windlass  than  at  the  capstan, 
since  in  the  latter  case  they  are  emploved  to  draw  horizontally,  when  they  exert 
a  force  of  about  35  Ibi.  only,  but  at  the  windlass  they  may  apply  their  whole 
weight  at  the  extremity  of  the  lever,  and  the  average  weight  of  a  man  is  about 
150,  or  more  than  four  times  his  power  of  traction.  In  Hawkes'  Patent  Capstan, 
which  we  are  about  to  describe,  is  combined  the  advantageous  action  of  the  wind- 
lass, with  the  continuous  movement  of  the  capstan ;  and  the  power  or  velocity 
may  be  varied  according  to  circumstences.  The  engraving  on  the  next  page  repre- 
sents the  patent  capstan  complete  for  one  deck,  a  is  the  drum  head  of  cast  iron, 
with  holes  for  the  insertion  of  the  capstan  bars  in  the  ordinary  wav,  if  from  anv 
cause  that  mode  of  turning  the  capstan  should  be  preferred ;  6  is  the  paul  head, 
round  the  periphery  of  wmch  are  ranged  ten  pauls,  ^ve  of  which  are  in  opera- 
tion at  a  time,  as  that  shown  at  d;  the  other  five  are  kept  turned  up  in  readi- 
ness for  use  when  the  motion  of  &e  capstan  is  reversed.  Each  paul  has  two 
clips,  which  take  into  two  teeth  at  the  same  time  at  every  half  inch  of  the 
revolution.  The  inner  circle  of  teeth  is  for  one  set  of  pauls,  and  the  outer 
circle  for  the  other  set,  the  notehes  being  in  contrary  directions ;  both  circles 
are  inclosed  within  the  paul-rim  /.  The  barrel  is  composed  of  a  number  of 
projecting  ribs  named  whelpt,  having  a  projection  e  in  the  middle,  which  divides 
the  barrel  into  two  parts ;  the  upper  portion  is  of  a  smaller  diameter  than  the 
lower,  so  that  by  shifting  the  cable  from  the  lower  to  the  upper  part  of  the 
barrel,  an  increase  of  power  is  obtained.  In  the  figure  the  capstan  is  repre- 
sented divided  into  six  sections;  but  the  number  of  these  sections  may  be 


Taiifid  according  to  the  die  and  weight  of  the  cBpatui ;  the  di*iikini  are  made 
verticall)'  throush  the  whde  length  of  the  ctp«t«n,  dividing  aleo  the  whelpa, 
the  piste*  of  which  being  itroDgly  bolted  together,  imite  it  into  one  firm  and 
compact  body,  and  admit  of  iti  being  ttK\j  dinmited  and  removed,  k  ii  the 
central  ihaft  of  wrought  iron,  made  tqiiare,  except  at  the  bearingi,  which  ate 
properij  turned.     M  I  are  three  iron  atandard*  for  nipporting  the  geariEig, 


which  gim  motion  to  tbe  capetan,  and  may  be  worked  either  by  n 
winch  or  crank,  ai  ahown  by  the  dotted  linei  st  m,  or  by  meant  of  capitan 
ban,  luppotted  horisontallv  m  hole*  at  the  eiraunference  of  two  Tertical  wheel* 
n  n  filed  on  the  aame  axle  aa  the  crank;  the  cirenrnfertnce  of  thete  whedi 
being  Kored  in  a  proper  manner  lor  allowing  the  ban  to  be  dropped  in  and 
iecured  by  pini,  and  to  be  quickly  remored  at  pleanre.  The  ban  when  secured 


m  tbe  rimi  of  the  vbeeli  an,  form  a  kind  of  dram  or  reel,  the  men  on  one  side 
of  which  lay  bold  of  the  ban  and  pull  upwards,  and  tboae  on  the  other  ride  puU 
downward*  either  with  their  hand*,  or  by  itepping  on  the  ban  one  after  another 
a*  they  revolve,  and  thui  weigh  down.  The  Btiaft  which  corriei  the  wheels  n» 
i>ean  alio  two  pinion*,  one  of  which  is  shown  in  gear  with  the  smallest  urele 
of  a  donble  cognd  wbeel;  and  on  theaame  ibaft  ai  the  latter  is  placed  a 
pinion,  which  uSes  into  the  circle  of  cogs  fixed  on  the  upper  surface  of  the 
paul-heod,  and  cau«e«  it  to  revolve :  if  the  imall  pinion  i*  brought  into  gear 
with  the  large  wheel,  a  great  addition  of  power  i«  gained ;  and  according  a* 
the  one  or  the  other  set  of  the  wheels,  and  as  the  Inrger  or  smaller  of  the 
barrels  of  the  capstan,  are  employed,  the  power  admit*  of  Kveral  vaiiadon*  to 
tuit  different  drcumttancea. 
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CARABINE^  or  Carbimb.  A  fire-arm,  something  like  a  small  miuket ;  it 
ia  usuallv  borne  by  cavalry  soldiers,  slung  by  a  belt  over  the  left  shoulder. 

CARAWAY.  A  plant  much  cultivated,  particularly  in  Essex,  for  its  seed, 
which  is  greatly  esteemed  for  its  agreeable  flavour,  pungent  warmth,  and  medi- 
einal  properties.  By  distillation  it  affords  an  odoriferous  essential  oil,  which  is 
much  used  in  white  soap,  and  therewith  constitutes  the  article  termed  Windsor 
soap. 

CARBON.  The  name  given  in  the  modem  chemical  nomenclature  to  a 
•imple  combustible,  which  constitutes  a  large  portion  of  all  animal  and  vegetable 
substances,  and  which  is  found  in  the  greatest  state  of  purity  in  the  diamond, 
which  is  composed  solely  of  it  Carbon  unites  with  all  the  simple  combustibles, 
and  with  azote,  forming  a  series  of  im^rtant  compounds.  From  its  affinity  for 
oxygen,  it  is  employed  for  disoxy^^enating  metallic  oxides,  and  restoring  their 
bases  to  a  metallic  state.  With  uron  it  forms  steel  and  plumbago ;  and  with 
copper  it  likewise  forms  a  carburet  In  the  state  in  which  it  is  commonly  ob- 
tamed  it  is  termed  charcoal,  which  see. 

CARBONATES.  Compounds  of  carbonic  acid  with  salifiable  bases  com- 
posed either  of  one  prime  of  acid  and  one  of  base,  or  one  of  acid  to  two  of 
Dase.  The  former  set  of  compounds  are  termed  carbonates,  and  the  latter  hi- 
carbonates. 

CARBONIC  ACID.  An  acid  composed  of  oxygen  and  carbon.  It  abounds 
in  great  quantities  in  nature,  and  appears  to  be  produced  in  a  variety  of  cir- 
cumstances. It  composes  forty-four  hundredths  of  the  weight  of  limestone, 
marble,  and  other  natural  specimens  of  calcareous  earth,  from  which  it  may  be 
extricated  by  the  simple  application  of  heat,  or  by  the  superior  affinity  of  some 
other  acid,  most  adds  havmg  a  stronger  action  on  bodies  than  this.  It  is  com- 
posed of  72  parts  of  oxygjen,  and  28  of  carbon,  and  its  spec.  grav.  la  1*5236, 
that  of  atmospheric  air  bemg  1*0000.    See  Aerated  Waters. 

CARBONlC  OXIDE.  A  caseous  compound  of  oxygen  and  carbon,  con- 
sisting by  weight  of  75  of  the  former,  and  100  of  the  latter.  Its  spec.  grav.  is 
0.9569.  Carbonic  oxide  may  be  procured  by  subjecting  to  a  strong  heat  in  a 
retort  or  gun-barrel,  a  mixture  of  an  earthy  carbonate  and  metallic  filings ;  the 
most  c(mvenient  mixture  is  equal  parts  of  dry  chalk,  and  iron  or  sine  filings ;  it 
is  given  out  also  in  large  quantities  from  brick  kUns,  and  may  be  seen  burning 
wiSi  a  dark  blue  flame,    tt  is,  when  respired,  fotal  to  animal  life. 

CARBUNCLE.  An  elegant  gem  wnose  colour  is  deep  red,  with  an  ad- 
mixture of  scarlet  It  is  usually  found  pure  and  faultless,  and  is  of  the  same 
degree  of  hardness  as  sapphire.  It  is  naturaUy  of  an  angular  figure,  and  is 
found  adhering  by  its  base  to  a  heavy  and  ferruginous  stone  of  the  emery 
kind.  It  bears  the  fire  unaltered ;  is  found  only  in  the  East  Indies,  and  there 
but  rarely. 

CARBURETS.   Combinations  of  carbon  with  any  of  the  simple  substances. 

CARDS.  In  the  manufactures  of  cotton  and  wool,  an  instrument  used  for 
preparing  those  substances  for  being  spun  into  thread,  by  strengthening  the 
nbres,  and  rendering  them  parallel  to  each  other.  They  are  a  species  of  brush, 
composed  of  wires  stuck  through  strips  of  leather,  and  not  standing  erect,  but 
inclmed  to  the  surface  of  the  leather,  and  are  used  by  filling  the  teeth  of  one 
card  with  the  cotton  or  wool,  and  drawing  another  card  along  in  a  direction 
against  the  inclination  of  the  teeth,  bv  wnich  means  the  fibres  are  drawn  out 
in  a  parallel  direction,  and  transferred  n*om  the  one  card  to  the  other.  Carding 
was  originally  performed  by  liand  with  sheets  of  cards  nailed  upon  thin  boards, 
which  were  drawn  against  each  other.  Stock  cards  were  subsequently  intro- 
duced :  in  these  one  card  was  nailed  to  an  inclined  post  or  bena,  and  a  hand 
cud  drawn  over  it;  but  at  present  the  cards  are  generally  arranged  upon  cylin- 
den,  which  revolve  either  against  other  card  cylmders,  or  against  fixed  cards. 
Cwds  are  fastened  upon  the  cylinders  either  in  parallel  strips  in  the  line  of  the 
axis,  or  thev  form  a  continuous  spiral  band  covering  the  entire  surface  of  the 
cylinder.  From  the  immense  number  of  cards  required  in  cotton  mills,  Uie 
manufacture  is  one  of  great  extent  and  importance,  and  several  very  curious 
machines  have  been  invented  for  facilitating  the  processes,  though  they  have 

s  s 
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not  yet  come  into  common  use.  In  general  the  leather  is  pierced  b^  machinery 
at  the  manufacturers*,  who  send  it  out  to  the  cotUtfers,  together  with  the  wire, 
which  theycut  and  bend  into  form,  and  aflerwaras  insert  in  the  holes  of  the 
leather.  The  workman  first  takes  a  skein  or  bundle  of  wire,  consisting  of  30 
or  40  wires,  and  placing  them  against  a  ^u^e,  cuts  the  whole  at  one  operation  to 
the  same  lengUi,  oy  means  of  a  strong  pair  ot  shears.  The  wires  thus  cut  are  then 

1>laced  in  another  gauge,  and  a  piece  of  steel,  of  the  same  width  as  the  two 
egs  are  to  be  asunoer,  is  then  pressed  across  the  middle  of  them,  and  the  ends 
of  the  wires,  first  on  one  side,  and  then  the  other,  are  turned  up  against  the 

sides  of  the  bridge,  forming  the  wire  into  a  staple  like  this  | | ;  they  are  then 

given  the  knee  bend,  which  brings  them  into  this  shape  {_^,  by  an  ingenious 
machine  kept  in  motion  by  a  weight,  like  a  roasting  jack,  after  which  they  are 
inserted  in  the  leathers  by  women  or  children. 

CARMINE.  A  very  bright  crimson  pigment,  obtained  by  precipitating  the 
colouring  matter  of  cocnineal.  The  preparation  is  as  follows : — ^Take  4  ounces 
of  cochineal,  finely  pulverised,  whicn  pour  into  4  quarts  of  rain  or  distilled 
water,  boiled  previously  in  a  pewter  kettle,  and  boil  the  whole  for  six  minutes, 
adding,  during  the  boiling,  2  drachms  of  pulverized  crystals  of  tartar.  Eight 
scruples  of  Roman  alum,  in  powder,  must  tnen  be  added,  and  the  whole  be  kept 
on  the  fire  one  minute  longer.  As  soon  as  the  gross  powder  has  subsided,  and 
the  deeoction  become  dear,  decant  it  into  lar^e  cylindrical  glasses  covered  over, 
and  keep  it  undisturbed  till  a  fine  powder  is  observed  to  have  settled  at  the 
bottom.  Then  poor  off  the  liquor  from  this  powder,  which  is  to  be  gradually 
dried.  From  the  liquor  still  coloured,  the  rest  of  the  colouring  matter  may  he 
separated  by  the  solution  of  tin,  when  it  yields  a  carmine  little  inferior  to  the 
former. 

CARPENTRY  is  the  art  of  cutting  out,  framing,  and  joining  large  pieces  of 
wood  to  be  used,  in  building.  The  only  difference  between  Carpentry  and 
Joinery  is,  that  whilst  the  former  includes  the  larger  and  rougher  description  of 
work,  which  is  essential  to  the  construction  and  stability  of  an  edifice,  the 
latter  term  comprehends  the  exterior  finishing  and  ornamental  wood-work.  To 
enter  into  a  detailed  account  of  the  numerous  tools  used  in  Carpentry,  and  the 
processes  of  forming,  by  their  application,  the  almost  illimitable  variety  of 
matters  that  are  comprehended  in  constructive  carpentry,  would  of  course 
require  a  volume  to  itself;  and  as  the  subject  is  foreign  to  the  leading  objects  of 
this  work,  we  shall  under  tihis  head  connne  ourselves  to  some  general  obsei^ 
yations  of  a  practical  nature,  alike  usefUl  to  the  engineer  as  well  as  the  car- 

Snter.  With  regard  to  the  tenacity  or  strength  of  wood,  it  has  been  found  by 
uschenbroek  and  other  eminent  experimentalists,  firs^  that  the  wood  whicn 
surrounds  immediately  the  pith  or  heart  of  the  tree  is  the  weakest,  and  that  this 
weakness  is  greater  as  the  tree  is  older.  It  is  of  importance  that  this  fact  be 
known,  as  a  common  notion  exists  of  a  contrary  nature.  Secondly,  the  fibres 
next  to  the  bark,  commonly  called  the  white  or  blea,  are  also  weaker  than  the 
rest ;  and  the  wood  mduaUy  increases  in  strength  as  it  recedes  firom  the  centre 
to  the  blea.  Thirdly,  the  wood  is  stronger  in  the  middle  of  the  trunk  than 
at  Uie  springing  of  the  branches,  or  at  the  root ;  and  the  wood  forming  a  branch 
is  weaker  than  ^at  of  the  trunk.  Fourthly,  the  wood  on  the  northern  sides  of 
all  trees  that  grow  in  Europe  is  the  weakest,  while  that  on  the  south-eastern 
side  is  the  strongest;  this  difference  is  most  remarkable  in  hedge-row  trees,  and 
such  as  ^w  singly.  The  heart  of  a  tree  never  lies  in  its  centre,  but  always 
towards  its  northern  side,  and  the  annual  coats  of  wood  are  thinner  on  that 
side.  In  conformity  with  this,  it  is  a  general  opinion  of  carpenters  that  timber 
is  stronger  in  proportion  to  the  thickness  of  its  annual  plates.  The  trachea,  or 
air  vessels,  being  the  same  in  diameter  and  number  of  rows  in  trees  of  the  same 
species,  occasion  the  visible  separation  between  the  annual  plates;  for  which 
reason,  when  these  are  thicker,  they  contain  a  greater  portion  of  the  simple 
ligneous  fibres.  Fifthly,  all  woods  are  most  tenacious  whilst  ^i^een,  but  aner 
the  trees  are  felled,  that  tenacity  is  considerably  diminished  by  their  drying.  By 
the  experiments  of  Muschenbroek,  it  appears  that  the  absomte  strengths  of  % 
square  inch  of  the  following  different  kinds  of  wood  are  as  stated 
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Locust 20,100 

Jigeb 18,500 

Beech  and  Oak  .    .  17,300 

Orange      ....  15,500 

Alder 13,900 

Elm 13,200 

Mulberry  and  Willow  12,500 

Ash 12,000 

Plum 11,800 

Elder 10,000 


Pomegranate .    .    .  9,750 

Lemon 9,250 

Tamarind  ....  8,750 

Fir 8,330 

Walnut      ....  8,130 

Pitch  pine .    .    •    .  7,650 

Quince 6,750 

Cypress     ....  6,000 

Poplar  .    .     .    .    ^  5,500 

Cedar 4,800 


The  woods  mentioned  were  aU  formed  into  sb'ps  of  uniform  dimensions,  and 
as  much  cut  away  from  each,  as  to  form  a  paraUelopiped  of  one-fifth  of  an  inch, 
that  is,  one-twenty-fifth  of  a  souare  inch  in  section;  and  the  weights  which  were 
required  to  tear  these  asunder,  formed  the  data  of  the  above  calculations. 
Muscbenbroek  gives  a  very  minute  detail  of  his  experiments  on  the  ash  and 
walnut,  in  which  he  states  the  weights  requured  to  tear  asunder  slips  taken  from 
the  four  sides  of  these  trees,  and  on  each  side  in  a  regular  progression  from  the 
centre  to  the  circumference.  The  numbers  in  the  forec^oing,  corresponding 
with  these  two  woods,  may  be  considered,  therefore,  as  the  average  of  more 
than  fifty  triab  of  each.  He  mentions,  also,  that  all  the  other  numbers  were 
calculated  with  the  same  care.  For  these  reasons  some  confidence  may  be 
placed  in  the  results,  though  they  carry  the  degree  of  tenacity  considerably 
higher  than  those  enumerated  by  some  other  writers.  Pitot  and  Parent  state, 
that  a  weight  of  60  lbs.'  will  just  tear  asunder  a  square  line  of  sound  oak,  bat 
that  it  will  bear  50  lbs.  with  safety.  This  fives  8640  for  the  greatest  strength 
of  a  square  inch,  or  rather  less  than  oneSialf  of  Muschenbroek's  estimate ; 
but  the  latter  is,  we  think,  the  most  entitled  to  confidence,  as  the  experiments 
were  made  upon  greater  masses  of  the  material.  It  should,  however,  be 
observed,  that  two-thirds  of  the  actUal  weight  which  may  be  sustained  by  a 
body,  will  greatly  impair  the  strength  after  a  considerable  time,  and  that  one- 
half  the  absolute  tenacity  indicated  by  experiment,  should  be  the  uimott  that  an 
engineer  should  calculate  upon  in  his  constructions.  Woods  of  the  same 
denomination  often  diffi»r  greatlv  in  their  tenacity ;  those  with  a  very  straight 
fibre  suffer  less  injury  from  a  load  that  is  insufficient  to  break  them  immediately. 
Mr.  Emerson  mentions  the  following  as  the  loads  which  may  be  safely  suspended 
to  an  inch  square  of  the  several  bodies  hereafter  enumerated ;  but  the  term 
Mofdy  can  hardly  apply  to  the  four,  first-named  bodies. 

llM.  llM. 

Iron 76,400  Red  fir,  holly,  elder,  plane. 

Brass 35,600  j       and  crab 5,000 

Hempen  rope   ....  19,600  '  Cherry  and  hazel  .     .     .      4,760 

Ivory 15,700  '  Alder,    asp,    birch,    and 


Oak,  box,  and  vew  .  .  7,850 
Elm,  ash,  and  beech  .  .  6,070 
Walnut  and  plum  .    .     .      5,360 


willow 4,290 

Lead 450 

Freestone 914 


The  same  inffenious  author  has  laid  down  as  a  practical  rule,  that  a  cylinder 
of  one  inch  duuneter  will  carry,  when  loaded  to  one-fourth  of  its  absolute 
strength, as  follows: — iron,  135  cwt;  eood  rope,  22  cwt ;  oak,  14  cwt ;  and  fir, 
9  cwt  Parent  has  shown  that  the  force  required  to  crush  a  body  is  nearly 
equal  to  that  which  will  tear  it  asunder.  This  may  be  an  approximation  to  the 
truth  as  respects  woods,  but  it  will  not  apply  to  any  other  bodies.  Glass,  for 
instance^  wul  carry  a  hundred  times  more  on  it  than  oak  in  this  way,  but  will 
not  bear  suspended  above  four  or  five  times  as  much.  Oak  will  suspend  a  great 
deal  more  than  fir,  but  fir  will  carry  twice  as  much  as  a  pillar.  Some  woods 
which  are  very  soft,  and  consequently  yield  to  pressure,  possess  very  strong 
fibres,  and  wiU  resist  a  longitudinal  strain.  The  softness  of  texture  is  chiefly 
owing  to  the  crooked  nature  of  their  fibres,  and  to  the  existence  of  considerable 
vacuities  between  each  fibre,  so  that  they  are  more  easily  bent  in  a  lateral 
direction  and  crushed.     In  all  cases  where  the  fibres  lie  oblique  to  the  strain, 
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the  strength  is  considerably  diminished,  which  maT  be  ascribed  to  the  cifcum- 
stance,  that  the  parts  in  such  case  slide  on  each  otner,  and  the  oonnectioff  foree 
of  the  cementing  matter  is  for  that  reason  easier  overcome.  The  strain  whi<3i  most 
commonly  acts  on  materials  of  any  nature,  is  that  which  tends  to  break  them  in  a 
transverse  direction.  For  the  results  derived  from  experiment  in  strains  of  this 
nature,  we  must  refer  the  reader  to  the  article  SraaNOTH  op  Materials  ;  but 
the  complete  investigation  of  the  resistance  of  materials,  according  to  the 
direction  and  situation  of  die  forces  anplied,  would  require  a  volume.  The  reader 
who  wishes  for  full  information  on  tnis  subject,  cannot  do  better  than  consult 
Mr.  Barlow's  valuable  Eatrnf  on  the  Strength  and  Streu  of  Umber,  Some 
excellent  practical  rules  on  this  important  subject  will,  however,  be  found  in 
The  New  Practical  Builder,  by  Nicholson,  and  in  the  works  of  Banks,  Emerson, 
and  Roberson. 

CARP£T  is  a  sort  of  stuff  wrought  with  the  needle^  or  on  a  loom,  and 
forms  the  ordinaij  furniture  of  a  house,  beine  commonly  laid  upon  the  floor. 
The  Persian  and  Turkey  carpets  have  hitherto  been  in  the  greatest  esteem,  but 
some  of  ^e  manufacturers  of  France  and  Great  Britain  are  making  rapid 
advances  in  imitating  them,  to  which  they  are,  in  some  respects,  superior.  A 
splendid  example  of  this  fine  spirit  of  rivalry  amongst  our  own  countrymen  is 
now  exhibiting  at  the  Museum  of  National  Manufactures  and  of  the  Mechanical 
Arts,  in  Leicester  Square,  London.  The  carpet  measures  8  yards  by  6,  and  is 
cidled  Scoto-Persian  by  the  manufacturers,  Messrs.  Deans,  of  Stewarton,  in 
Ayrshire.  In  the  usual  mode  of  weaving  carpets,  the  design  or  pattern  is  traced 
in  its  proper  colours  on  cartoons,  tied  before  the  workman,  who  looks  at  them 
every  moment,  because  evenr  stitch  is  marked  upon  them  as  it  is  to  be  in  his 
work.  By  this  means  he  always  knows  what  colours  and  shades  he  is  to  use, 
and  how  many  stitches  of  the  same  colour.  In  this  he  is  assisted  by  squares, 
into  which  the  whole  design  is  divided ;  each  square  is  divided  into  ten  vertical 
lines,  corresponding  with  the  parcek  of  ten  threads  of  the  warp ;  and  besides^ 
each. square  is  ruled  with  ten  horixontal  lines  crossins  the  vertical  lines  at  ri^ht 
angles.  The  workman  bavins  placed  his  spindles  of  thread  near  him,  be«nna 
to  work  on  Uie  first  horizontal  line  of  one  of  the  squares.  The  lines  maned 
in  the  cartoon  are  not  traced  on  the  warp,  because  an  iron  wire,  which  is  longer 
than  the  width  of  a  parcel  of  ten  threads,  supplies  the  place  of  a  cross  line. 
This  wire  is  managed  by  a  crook  at  one  end,  at  the  worxman's  right  hand ; 
towards  the  other  end  it  is  flatted  into  a  sort  of  knife  with  a  back  and  edge,  and 
prows  wider  at  ihe  point.  The  weaver  fixes  his  wire  horixontally  on  the  warp, 
oy  twisting  some  turns  of  a  suitable  thread  of  the  woof  around  it,  whidi  he 
passes  forward  and  backward  behind  a  fore  thread  of  the  wam  and  then  behind 
the  opposite  thread,  drawing  them  in  their  turn  by  their  leasnes.  Afterwards, 
he  brings  the  woof-thread  round  the  wire  in  order  to  beg:in  again  to  thrust  it 
into  the  warp.  He  continues  in  this  manner  to  cover  the  iron  rod  or  wire,  and 
to  fill  up  a  Ime  to  ihe  tenth  thread  of  the  warp.  He  is  at  liberty  either  to  stop 
here,  or  to  so  on  with  the  same  cross  line  in  tne  next  division,  according  as  he 
passes  the  £read  of  the  woof  round  the  iron  wire,  and  into  the  warp,  the  threads 
of  which  he  causes  to  cross  one  another  at  every  instant ;  when  he  comes  to 
the  end  of  the  line  he  takes  care  to  strike  in  the  woof  he  has  used.  This  row 
of  stitches  is  again  closed  and  levelled,  and  in  the  same  manner  the  weaver 
proceeds ;  then  with  his  left  hand  he  lays  a  strong  pair  of  shears  along  the 
finished  line,  cuts  off  the  loose  hairs,  and  thus  forms  a  row  of  tufts  perfectly 
even,  which,  together  with  those  before  and  after  it^  form  the  shag.  Thus  the 
workman  follows,  stitch  for  stitch  and  colour  for  colour,  the  plan  of  his  pattern, 
which  he  is  attempting  to  imitate ;  and  he  paints  magnificently  without  having 
he  least  notion  of  painting  or  drawing. 

CARRIAGE.  A  vehicle  for  the  transport  of  persons  and  goods  by  land. 
Although  the  varieties  of  carriages  are  very  great,  yet  they  may  be  ranged 
under  two  heads,  viz.  sledges,  or  carriages  without  wheels,  and  wheeled  carriages. 
The  earliest  carriages  were  doubtless  of  the  first  dass,  or  without  wheels ;  and 
although  the^  are  pow  very  generally  superseded  by  carriages  mounted  upon 
wheels,  and  indeed  have  become  nearly  obsolete  in  diis  country,  yet  they  are 
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utill  extensively  lued  ia  the  more  northern  parts  of  Europe,  where  the  ground 
it  for  a  considerable  portion  of  the  year  covered  with  snow,  and  the  rivers  irosen 
over  so  as  to  allow  carriages  to  travel  upon  them.     In  these  cases  sledges  are 
found  superior  to  wheel  carriages,  as  the  friction  upon  Uie  surface  of  the  snow 
or  ice  is  small,  and  as,  from  the  greater  extent  of  bearing  surfSue,  they  do  not  sink 
so  deep  as  wheel  carriages,  in  which  the  whole  weight  presses  upon  two,  or  at 
most,  four  points.    The  motion  is  also  found  to  be  much  more  easy,  as  from 
their  length  of  bearing  they  do  not  rise  and  fall  with  every  slight  inequality  in 
the  roads,  in  the  manner  of  wheel  cairiaf  es.    But  for  general  purpoaes,  and  on 
roads  composed  of  rough  materials,  which  offer  ereat  resistance  to  oodies  sliding 
over  them,  it  is  found  highly  advantageous  to  place  Uie  carriages  upon  wheels, 
as  by  this  means  the  sliding  motion  is  converted  into  a  rolling  motion,  and  the 
rubbing  sur&ces,  when  the  friction  takes  place,  are  reduced  in  the  proportion  of 
the  diameter  of  the  wheel  to  that  of  its  axle,  and  the  friction  is  stiU  ftuther 
reduced  bv  the  rubbing  surfaces  being  jpolished,  and  admitting  of  lubrication, 
which  tends  materially  to  diminish  friction.    The  friction  being  diminished  in 
proportion  to  the  difference  between  the  diameters  of  the  whe£  and  the  axles. 
It  is  evidently  advantageous  to  employ  wheek  of  laige  diameter,  which  are  also 
beneficial  in  another  respect,  as  they  experience  less  resistance  from  the  in- 
equalities of  the  surface  over  which  they  roll,  as  the  leverage  to  which  the 
power  of  the  horse  is  applied,  i»  as  the  diameter  of  the  wheel ;  and  as  any 
obstacle  on  a  road  will  sooner  come  in  contact  with  a  large  wheel  than  with 
a  small  one,  in  consequence  of  the  curvature  of  the  former  being  flatter  than 
that  of  the  latter,  so  the  power  by  which  the  wheel  is  drawn  over  the  obstacle 
is  exerted  through  a  mater  space  with  the  lai^  than  with  the  small  one. 
We  shall  endeavour  mrther  to  explain  this  by  a  little  diagram.     Let  the 
circle  a  represent  a  small  wheel, 
whose  axle  is  at  6,  and  e  a  stone 
lying  in  the  road,  over  which  the 
wheel  is  to  pass;  and  the  dotted 
circle  to  represent  a  large  wheel, 
whose  centre  is  at  /;    now  the 
obstacle  k  ia  already  in  contact  with 
the  laige  wheel,  but  the  small  wheel 
has  nrit  yet  arrived  at  it :  the  hone 


would  therefore  move  through  a 

greater  space  in  bringing  the  centre 

of  the  Iflffge  wheel  perpendicularly 

over  the  obstacle,  than  in  bringing 

the  centre  of  the  small  wheel  over  the 

object  after  it  had  come  in  contact  — 

with  the  periphery  ;  thus  the  hone 

exerts  more  power,  or  what  is  the  same^  exerts  the  same  power  through  a 

£  eater  space  with  the  laree  wheel  than  with  the  small  one.  And  again,  as 
e  angle  kfh,  at  which  the  obstacle  k  interrupts  the  large  wheel,  is  the  same 
as  the  angle  c  b  d,  at  which  the  obstacle  e  interrupts  the  small  wheel,  the  same 
force  which  will  draw  the  small  wheel  over  the  obstacle  e,  will,  by  the  increased 
leverage,  draw  the  large  wheel  over  the  obstacle  k.  The  advantages  above  attri- 
buted to  large  wheels  over  small  ones  are  not  merely  theoretical,  but  have  been 
confirmed  in  avariety  of  instances  in  practice.  We  therefore  insert  the  diagram 
on  the  following  page,  exhibiting  a  method  of  appljring  hind  wheels  of  larger 
diameter  than  orainanr  to  waggons,  without  canymg  the  floor  higher  than  usual 
'a  a  represents  the  hind  wheels ;  6  b  the  bended  axletree,  of  a  crank  form,  passing 
under  the  bed  of  the  carriage,  which  lies  between  the  two  extremities  of  the 
axletree,  and  permits  the  floor  of  the  carriage  to  lie  dose  to  the  upper  nde  of  the 
axletree,  the  noor  being  usually  as  much  above  the  latter  as  the  thickness  or 
depth  of  the  bed.  Hie  modes  by  which  carriages  are  or  have  been  propelled  are 
various — as  the  force  of  animals,  of  wind,  of  men,  exerted  upon  machmery  con- 
tained within  the  carriage,  and  that  of  steam.  Caniaees  propelled  by  wind 
acting  upon  sails  are  not  common  for  land  travdting^  although  such  have  been 
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constructed ;  but  in  •ome  parti  of  Holland,  boala  mounted  upon  long  skidi 
are  frequently  employed  for  lailing  over  the  ice,  and  have  aometimea  been  known 


to  go  at  the  rate  of  eighteen  mUes  per  hour.  In  1826  a  patent  waa  obtained 
by  Col.  Viney  and  6.  rocock,  for  a  carriage,  to  be  impelled  by  the  force  of  the 
wind  acting  upon  one  or  more  kites  attached  to  the  carriage,  which  they  de- 
nominated the  *'  Charvolant."  It  is  represented  in  JPi^.  2  in  the  engraving  on  the 
following  page.  The  kite,  a,  FSg.  1 ,  is  jointed  in  the  middle,  thai  it  may  be  folded 
up,  and  earned  or  stowed  away  with  ereater  facility,  bbbb  are  four  cords  for 
regulating  the  position  of  the  kite,  and  to  assist  the  steerage ;  they  are  brought 
together  by  passing  through  the  dead  eye  e,  whence  tliev  proceed  to  the  carriage, 
where  they  are  r^fulated  to  the  proper  lengths  by  the  persons  therein,  of 
shortening  the  cords  on  the  rightrhand  side  of  the  kite,  tne  car  may  be  turned 
to  the  right,  and  by  shortening  the  left-hand  cords  it  will  be  turned  to  the  left. 
But  the  charvolant,  by  the  cross  handle  e  and  stem  ef,  which  acts  on  the  axis 
of  the  fore  wheels  by  means  of  an  endless  band  or  cord  passing  about  a  pulley 
/  fixed  on  the  lower  end  of  the  stem  ef,  and  the  pulley  g  fixed  on  to  the  bed  of 
the  axletree  of  the  fore  wheels.  The  machine  is  stopped,  or  its  motion  re- 
tarded by  the  drag  ifc,  which  is  attached  to  the  perch  oy  a  spring  to  keep  it 
off  the  ground  till  it  is  required  to  retard  the  motion  or  to  stop  me  carriage, 
when  the  fluke  end  is  pressed  into  the  earth  by  the  lever  h  acting  on  uie 
connecting  piece  t.  The  patentees  several  times  exhibited  a  carriage  similar 
to  the  above,  in  Hyde  Park,  and,  we  believe,  performed  a  journey  from  South- 
ampton to  London  with  it,  but  we  do  not  recollect  the  particulars.  The  scheme 
is  not  altogether  originaL  Dr.  Franklin  employed  lutes  to  aasist  swimmers, 
and  was  of  opinion  that  with  auch  aid  a  man  might  swim  across  the  Channel 
from  Dover  to  Calais.  Attempts  have  also  been  made  before  the  present  to 
move  both  boats  and  cars  by  the  same  means ;  but  we  believe  the  present  is 
the  first  attempt  to  trim  or  regidate  the  position  of  the  kite  according  to  the 
direction  in  which  the  carriage  is  to  move. 
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In  no  diisfl  of  carriages  does  this  country  so  much  excel  all  other  nations  as 
in  the  stage  coaches,  which,  for  beauty,  compactness,  lightness,  strength,  and 
easy  drau^t,  are  far  superior  to  the  public  vehicles  of  any  other  country.  In 
a  nation  so  eminently  commercial,  where  dispatch  and  punctuality  are  of  the 
first  necessity  in  conducting  all  transactions,  every  thing  whicn  tends  to 
advance  the  means  of  communication  becomes  an  object  of  consideration  ; 
and  numerous  improvements  have  of  late  years  therefore  been  introduced  in  the 
structure  and  arrangement  of  our  stage  coaches.  The  engraving  in  the  following 
page  represents  a  model  of  an  improved  ata^e  coach,  by  Mr.  Skinner,  for  which 
ne  was  presented  with  the  sum  of  thirty  gumeas  by  the  Society  of  Arts.  The 
lowering  of  the  centre  of  gravity,  b^  removing  the  heavy  luggage  and  outside 
passengers  from  the  roof  of  the  carnage ;  the  convenient  accommodation  of  the 
tatter;  the  adoption  of  high  fore-wheels  to  ease  the  draught;  and  several  minor 
conveniences ;  will  be  found  to  have  been  duly  attended  to,  and  to  be  combined 
in  the  model  of  which  the  following  is  a  description.  The  engraving  gives  a 
perspective  view  of  the  vehicle.  The  front  wheels  are  5  feet  9  inches  in 
diameter.  The  inside  and  outside  passengers  are  seated  on  the  same  level,  the 
floor  beine  as  near  to  the  axletree  as  the  play  of  the  springs  will  admit  a  is 
the  door  through  which  the  hind  passengers  fi;et  up,  the  seats  being  situated  as 
shown  at  6;  c  is  a  seat  for  the  guard,  attached  to  the  door  a;  dd  iron  bars 
attached  to  the  top  and  bottom  of  the  door,  and  projecting  enough  to  be  firmly 
held  by  turn  buckles  ee  ;  the  steps  ^  A  and  i,  serve  for  the  front  passengers  and 
coachman  to  ascend  bv ;  the  passengers  step  upon  the  boards  j^  on  either  side, 
and  over  the  side  rails  into  the  compartment  k;  the  steps  Imno  serve  for 
ascending  the  hind  part  of  the  coach ;  pp  boards  on  each  side  over  the  hind 
wheels ;  there  are  sunilar  ones  jj  over  the  front  wheels,  which  have  iron  rails 
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to  hold  imall  luggsgc.  To  mllow  n[  locking  the  ftont  whmb,  th«  floor  ii  dh- 
rowed  in  the  mutnei  delineated ;  g  ii  the  hind  boot ;  r  r  the  frent  boot ;  i  boxee 
opening  in  the  floor  of  the  e«acb ;  I  and  d  boiee  opening  va  the  Euard'i  eemt ;  ■ 
a  roll  of  leather  to  corei  the  frmit  paatenger*;  it  bat  a  illp  of  iron  along  its 


fion^  which  Mtcbei  on  to  the  faooki  vm,-  it  ii  wound  up  and  held  tight  b;a 
ntchet  wheel  and  paU  x;  v  the  locking  pin,  which  pla^  tcrough  the  uletree ; 
the  locking  plate  i*  under  the  floor  and  abore  the  ipringa.  There  are  fire  ipringi 
in  front,  and  five  at  the  back ;  two  acrou  each  axletree,  four  acron  the  coach 
■niwering  to  them,  and  two  more,  one  oTcr  each  axletree,  and  rubbing  on  them. 
The  foUaning  ei^aving  reprMent*  a  atage  coach  of  b  yeiy  novel  appuraDce, 
inrented  by  Mr.  P.  Birt,  of  the  Strand,  and  di>tingui*hed  by  an  improTed 
method  of  joking  the  honei,  and  alao  bv  a  drag  which  can  be  pnt  into  action 
at  pleaaure,  without  any  penon  deicvnding  for  that  purpon.  The  innde  paa- 
— — loocupj  the  aeaUatiiti,  which  are  at  a  higher  level  than  thoee  for  the 


ninemb 
o  opening  into  the  outiide  Udd.  Tat  receptacle  for 
age  ii  at  the  bottom  ccj/'a  the  coaehmao'i  leat,  where  he  i« provided 
e  meana  of  putting  the  drag  in  action  at  pleaaure,  hj  naana  of  lb» 
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U*«t  a,  tlie  extremitj  of  whiab  ii  connected  by  a  rope  or  chun  to  the  ikid  iron, 
Biul  [be  latter  ii  Mpported  by  a  Bpring  arm  j,  which  is  fixed  to  the  axletiee  or 
the  hiod  vheeli.  The  uaual  meUiod  of  yokiag  the  honei  to  a  coach,  it  to 
attach  the  two  ends  of  the  traces  lo  twc  fixed  point!  on  the  long  front  (pUnler- 

Pig.  2. 


F»S.  ^ 


bar.  In  thii  way,  if  the  traces  are  oo(  euel];  of  a  leugtb,  the  bone  pulls  only 
on  one  ride  nhen  going  in  a  itraigbt  Ibe,  and  invariabiy  to  when  making  a 
curve  in  the  road ;  the  traces  are,  in  consequente,  subject  to  double  the  strain, 
and  the  honei  have  all  the  work  throvm  upon  one  ahoulder,  instead  of  it  being 
e^ualiied  on  both.  To  remedy  this  disadvantage  Mr.  Birt  fiie*  two  bent  elastic 
pieces  to  the  splinter-bar,  aa  shown  in  Fig.  3,  which  turn  upon  central  pivots ; 
and  the  traces  being  attached  to  the  extremilin  of  these  elastic  bars,  the  pull  is 
made  from  a  single  point,  like  that  of  the  leaders  in  a  four-honed  coach.  The 
advantage  derived  from  tbi*  alteration  is,  greater  freedom  to  the  action  of  the 
hones,  and  a  better  direction  of  their  powerj  the  elputic  ban  likewise  prevent 
B  great  deal  of  unpleasant  jolting,  utuall;  communicated  to  the  carriage  by  the 
motion  of  the  borses, 
Tha  annesced  engraving  represents  a  four-wheeled  carriage,  invented  b;  Mr. 
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Fnller,  of  Bath,  lo  eonstnicted  as  to  prerent  the  upsetting  by  those  imgala- 
rities  in  the  road  which  are  sufficient  to  overturn  carnages  of  the  usual  construc- 
tion, and,  at  the  same  time,  to  lessen  considerably  the  unpleasant  joltinff  motion 
arising  from  the  same  cause.  The  construction  may  be  described  as  fcmows  :— 
Immediately  over  the  axles  of  the  fore  wheek  is  placed  a  bar  e  e  (which  the  in- 
yentor  caUs  the  bed  of  the  axle) ;  this  bar  is  attached  to  the  axle  by  the  springs 


hL  On  this  bar  is  placed  die  locking  wheel  a  a,  which  turns  on  the  pivot  b, 
and  is  supported  on  the  bar  and  frame-work  as  shown  in  Fig.  2.  To  the 
lockinff  wheel  is  firmly  fixed  the  horizontal  bar  dd,  at  right  angles  to  the  axle- 
bed,  wnen  the  carriage  is  eoing  straight  forward.  The  ends  of  this  cross-bar 
are  turned  and  fitted  Into  the  pTummer  block  e  c,  which  are  attached  by  means 
of  the  connecting  pieces // and  ^^,  to  the  fore  part  of  the  carriage  as  repre- 
sented in  Fia,  1.  This  permits  the  axle  of  the  fore  wheels,  with  the  locking 
wheel,  to  take  an  inclined  position,  while  the  body  of  the  carriage  remains 
level ;  and  it  will  be  seen  from  the  carriage  represented  in  Ftff.  1,  (which  is  a 
front  view,)  that  the  axle  of  the  fore  wheels  p  q,  with  the  locking  wheel  and  its 
attachmente,  is  inclined  considerably  bv  the  wheel  q  passing  over  an  elevation 
in  the  road,  while  the  body  of  the  carnage  remains  horizontal,  and  its  weight 
is  equally  supported  bv  both  the  wheels,  instead  of  being  all  thrown  on  the 
lower  wheel,  as  would  be  the  case  were  it  not  permitted  to  turn  on  the  pivots  of 
the  bar  d.  The  other  parts  of  the  carriage  are  not  different  firom  those  in 
common  use,  and  therefore  need  not  be  particularly  described,  o  o  are  the 
hind  wheels ;  /  /  part  of  ihe  seats ;  k  the  aashing^uron  and  leather,  and  m  the 
foo^board. 

The  engraving  on  the  foUowingpage  represents  a  method  of  firmly  fixing  the  poles 
to  carriages,  and,  when  required,  of  readily  releasing  them,  great  inconvenience 
being  frequently  experienced  ttom  the  poles  sticking  fiut  in  wet  weather  when 
fitted  on  the  common  plan,  and  beine  also  subject  to  premature  destruction  in 
those  parts,  a  is  the  pole  of  the  carnage ;  b  the  splinter  bar ;  e  c  the  fetchels ; 
d  part  of  the  wooden  axletree.  An  iron  fhime  eeia  fixed  between  the  fetchels; 
in  the  front  of  this  iron  frame  there  is  a  proper  aperture  to  receive  the  tapered 
part  of  the  carriage  pole,  and  another  at  the  nack,  of  less  dimensions,  to  receive 
the  extreme  end,  which  is  shod  with  an  iron  bolt  for  that  purpose ;  this  bolt  or 
pin  is  fixed  on  to  the  extremity  of  the  pole  by  two  long  straps,  which  dasp  the 


lop  aad  the  bottom,  nnd  luive  bolu  paMing  through  both.    Wban  tbe  polo  li 
inMrted  into  it*  place,  it  is  Mcured  there  by  turning  the  (crew/,  which  forces 


two  iron  wedgct  into  receuM  made  in  the  frame,  ftom  whence  thej  caiuot  be 
withdrawn,  or  the  pole  detached,  but  b;  turning  the  pole  the  revene  way. 
A  patent  waa  obtained  in  1S26  b;  Mr  Corbet,  of  Glaigow,  for  an  improTV- 
n  the  elep*  of  camagN ,  which  u  applicable  to  coachei  mnerallj,  bs' 
'       '  ipted  to  auch,  Ac  proprietor*  of  which  do  not  employ  a  f(    ' 


to  open  and  itiiit  the  door  and  etepi^  ai  the  act  of  opening  the  door  cauie*  die 
■tepa  to  open  out,  and  that  of  ihntliiig  it  ihuta  the  itept  up  agwn.  For 
thii  reason  the  inTSntion  may  be  found  of  great  convenience  to  medical  and 
other  profetiional  gentlemen.     In  the  above  engraving.  Fig.  1  ia  Intended  to 
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repreMttt  the  back  view  of  a  coach,  on  one  tide  of  which  the  Meps  and  door 
are  both  open,  and  on  the  other  aide  are  both  shut.  Fig,  2  eivea  a  aide  view  of 
Uie  steps,  only  ou  a  larger  scale,  and  will,  we  trust,  enable  the  reader  to  under- 
stand tneir  construction.  At  a  is  the  coach  body ;  b  a  part  of  the  coach  door 
open ;  c  is  a  bent  iron  fixed  to  the  bottom  of  the  door,  connected  to  a  curved 
rod  d,  at  the  extremity  of  which  is  a  joint  e  attaching  it  to  the  lever/,  which 
moves  upon  a  fulcrum  in  the  middle ;  at^  is  another  joint,  by  which  and  an 
intermediate  rod  it  is  attached  to  one  of  the  horns  of  the  crank  k  ;  the  other 
horn  of  this  crank  is  connected  by  a  joint  to  the  lon^  curved  lever  i  ^  which 
gives  motion  to  the  short  levers  k  k,  and  these  last  bemg  in  one  piece  with  the 
steps  /(  they  move  together.  The  long  curved  bar  o,  (of  vrhich  there  are  two^ 
one  on  each  side  of  the  steps,)  and  its  short  branch  n  are  fixtures,  being  bolted 
to  the  body  of  the  carriage  p  p.  The  reader  having  noticed  the  train  and  con- 
nexion of  the  levers  just  mentioned,  will  readily  perceive  that  the  act  of 
shutting  the  door  of  the  carriage  will  cause  the  lever /to  assume  another  angle, 
by  which  the  crank  A,  and  consequently  the  bar  i  t,  will  be  thrown  into  the 
position  shown  by  the  dotted  lines ;  and  that  it  necessurily  follows  the  steps  wiU 
be  forced  into  the  situation  shown  by  the  dotted  lines  at  /^ 

CARNELIAN   is  a  sub-species  of   calcedony.      Its  colours  are  white 

Jellow,  brown,  and  red.  It  has  a  conchoidal  fracture,  and  a  spec.  ^v.  of  2.6. 
t  is  semi-transparent,  and  has  a  glistenine  lustre.  It  is  found  m  the  chan- 
nels of  torrents  in  India,  in  nodules  of  a  blackish  olive,  passing  into  grey. 
After  exposure  for  some  weeks  to  the  sun,  they  are  subjected  to  heat  m 
earthen  pota,  whence  proceed  the  lively  colours  for  which  tney  are  valued  in 
jewellery. 

CARRONADE.  A  short  piece  of  ordnance,  intended  principally  for  close 
combat  at  sea. 

CARTHAMUS,  Safflowbr,  or  Bastard  Saffron.  Watery  menstrua 
take  up  the  yellow,  and  leave  the  red  colour,  which  nuiy  afterwards  be  extracted 
by  alcohol,  or  by  a  weak  solution  of  alkali ;  such  particularly  are  the  safiron 
coloured  flowers  of  carthamus.  These,  after  the  yellow  matter  has  been  ex- 
tracted by  water,  are  said  to  give  a  tincture  to  ley,  from  which,  on  standing  at 
rest  for  some  time,  a  deep  red  fecula  subsides,  called  safilower ;  and  from  the 
countries  whence  it  is  commonly  brought  to  us,  Spanish  red  and  China  lake. 
The  pigment  impregnates  alcohol  with  a  beautiful  red  tincture,  but  communi- 
cates no  colour  to  water.  Rouge  is  prepared  from  carthamus.  For  this  purpose 
the  red  colour  is  extracted  by  a  solution  of  the  sub-carbonate  of  soda*  and  pre- 
cipitated by  lemon  juice,  previously  depurated  by  standing.  This  precipitate 
is  dried  on  earthen  plates,  mixed  with  French  chalk,  reduced  to  a  powder  by 
means  of  the  leaves  of  shave  grass,  triturated  with  it  till  they  are  both  very 
fine,  and  then  sifted.  The  fineness  of  the  powder,  and  proportion  of  the  pre- 
cipitate, constitute  the  difference  between  tne  finer  and  tne  cheaper  rouge.  It 
is  likewise  spread  very  thin  upon  saucers,  and  sold  in  that  state  for  dyine. 
Carthamus  is  used  for  dying  silk  of  a  poppy,  cherry,  rose,  or  Inight 
orange  red. 

CARTOON,  or  Carton.  A  design  drawn  on  strong  paper,  to  be  afterwards 
chalked  through,  and  transferred  on  the  firesh  plaster  of  a  wall,  to  be  painted 
in  fresco.  It  is  also  used  for  a  design  colourea  for  working  mosaic  tapestry, 
carpets,  &c.  The  word  is  from  the  It&an,  eartoni,  large  paper,  denoting  many 
sheets  of  paper  pasted  on  canvass,  on  which  large  designs  are  made,  whether 
coloured  or  with  chalks  only.  The  most  celebrated  performances  of  this  kind 
are  those  by  Raphael. 

CARTOUCHE  is  a  |^eneral  term  in  the  military  art,  appUcaUe  to  a  variety 
of  projectiles  contained  m  differently  formed  cases. 

CARTRIDGE.  A  case  containing  a  charge  of  powder  for  fire-arms.  For 
pistols  and  muskets  the  case  is  made  of  strong  paper  manufactured  for  the  pur- 
pose, and  called  therefore  cartridge-paper,  ana  Uie  cartridges  are  called  nail 
or  blank  cartridges,  accordingly  as  they  contain  or  not  a  ball  or  bullet,  with  the 

Sowder  in  the  case.     For  cannon,  the  case  for  the  powder  is  made  of  serge  or 
annel ;  but  the  Americans,  during  the  last  war,  are  said  to  fa^ve  employed  fbr 


lli>tpur]iMe  "  tea-iead,"  timilu  to  that  xaeA  for  lining  tra-cknte ;  th«  kdranlage 
of  which  it,  that  the  gum  do  not  require  ■ponging,  and  tliat  no  Ignited  portiona 
of  the  cartridge  can  remain  in  the  chambn',  from  which  loott  dreaddd  accident* 
Mmetinies  happen.  For  cannon,  the  cartridge*  are  alwaj*  made  up  without  the 
•hot,  between  which  and  lbs  cartridge  a 
wad  made  of  old  rope  ia  placed  in  charging 
the  cannon.  The  annexed  enffraviii^  n- 
preHnt*  an  ingenioui  and  weit«ontnved 
machine,  invented  hy  W.  Caffin,  Esq  of 
Woolwich,  for  filling  cBrtridges,  hut  whieh 
if  conitnicted  on  a  larger  *c*le,  may  be 
applied  to  meonire  grain,  teed,  and  all  Fig 
other  articles  that  are  eitimated  by  strike 
■neainre.  Fig.  1  Tepre(«nti  a  perspective 
Tiew  of  the  inatrument,  and  Fig.  2  an 
cleration  in  tection.  The  measures  d  d 
•re  fixed  verticdly  in  a 
oppoDle  to  «ach  other,  i 
tween  them,  upon  which  thej  work  be- 
tween two  other  plates.  On  the  top  plate 
jr  jr  a  hopper  te  u  fixed,  communicatmg 
altemat«1j  with  the  meaiuies,  and  filling 
them ;  and  on  the  oppoaile  ude,  in  the 
bottom  plate  a,  b  a  hole  with  a  spout  ■, 
through  which  the  discharge  takes  place 
The  plate*  are  framed  together  by  three 
fSEAit  bbb,  having  double  adjusting  uula 
e  e  on  each  to  regulate  the  distance  of  the 

Ce*.  The  meaiures  are  moved  bv  • 
die  or  leTGT  t,  the  motion  of  which  u 
limited  by  two  oin*  g  g,  which,  while  it 
presents  one  under  the  hopper  to  receive, 
place*  the  other  immediately  over  the 
discharge  bole  for  delivery,  *o  that  the 
two  operations  of  filling  and  dischat^ging, 
are  going  on  at  the  same  time.  The  bot- 
tom of  each  measure  is  contracted,  to  re* 
tard,  in  a  small  degree,  the  dischMge,  la^g'  1- 
••  to  secure  one  measure  beinr  fiU^  be-  y  ^ .. 
fi>re  the  other  is  emptied.  A  hole  is  cut 
in  the  top  plate  over  the  discharging 
measure,  by  which  it  may  be  ascertamed 
that  it  is  always  perfectly  filled,  a*  wdl 
as  that  the  whole  of  its  content*  are  de- 
livered; «  is  the  hook  by  which  the 
machine  is  supported.  Some  of  these 
machines  have  been  used  a  long  time  for 
filling  cartridges,  and  a  boy  dehven  with 
ease  12,500  meanires  daily,  from  one  ma- 
chine,  in  the  most  perfect  and  aceuiate 


.er,  and  supplies  his  hopper  himselC 
.RVING,  in  a  general  sense,  is  the  art  of  ei 


CARVING,  in  a  general  sense,  is  the  art  of  cutting  or  fashioning  a  bard 
body  by  means  of  some  sharp  instniment ;  but  in  a  more  EHirticulat  sense  it  is 
usually  understood  to  be  the  art  of  cutting  figures  ana  design*  in  wood. 
A  carver  should  possess  some  knowledge  of  drawing  and  modeUing,  in  order 
that  he  may  be  able  to  copy  from  nature.  A  rough  imitation  of  the  object  or 
design  ahould  first  be  modelled  in  clay  by  the  fingers,  and  afterward*  completed 
with  the  modelling  tools.  A  mould  i*  then  to  be  madcv  and  a  cast  taken  from 
the  model  in  plaster  of  Paris,  as  clav  is  difficult  to  preserve  unless  baked  in  a 
kiln.    Tbe  mould  is  made  in  the  fbUowing  maniwr : — Plaster  of  Paris,  which 
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eafdly  mixM  with  water,  sluNild  be  made  of  the  thicknesa  of  cream,  and  ahoold 
be  spread  all  oyer  Ae  modeL  When  the  plaater  b  aet,  the  model  should  be 
removed,  the  clay  carefully  picked  out,  and  a  mould  will  be  obtained,  called  i^ 
waste  mould,  which  must  be  left  in  cold  water  for  a  quarter  of  an  hour.  When 
used  as  a  cast,  it  should  be  rubbed  over  with  a  mixture  of  hog's  lard  and  the 
droppings  of  sweet  oiL  The  plaster  of  Paris  is  to  be  mixed  as  before,  and 
poured  mto  die  mould,  which  afterwards  should  be  knocked  off  with  a  chisel  and 
nuJlet,  by  small  pieces  at  a  time ;  the  design  wiU  then  appear  of  the  same  form 
as  that  modellea  in  clar,  which  the  carver  may  proceed  to  copy  in  any  sort  of 
wood,  but  lime>tree  is  the  best  suited  to  beginners.  The  tools  used  in  carving 
are  of  various  forms  and  sixes,  and  may  be  procured  of  good  quality  in  the 
shops,  ready  made.  The  instruments  used  by  sculptors  for  measuring  the  dif- 
ferent parts  oi  their  work,  particularly  the  heighia  and  depths,  may  be  very 
advantageously  employed  by  the  ourver.  Carving  is  an  extremely  fascinating 
employment,  and  the  young  artist  of  taste  soon  becomes  astonished  and 
delighted  with  the  effect  he  j^oduces  by  a  few  cuts  of  his  chiseL 

C ASCABEL.  The  knot  of  metal  l>ehind  the  breech  of  a  cannon ;  it  servea 
as  a  handle  to  elevate  or  direct  the  piecop  and  likewise  to  sling  and 
fasten  it 

CASCADE.  A  steep  fall  of  water  from  a  hicher  to  a  lower  |daoe :  cascades 
are  botli  natural  and  artificial ;  those  which  fall  with  great  noise  are  umially 
called  cataracts,  which  see ;  also  Fountain. 

CASE.  In  printing,  a  lar^  oUong  frame,  placed  aslope,  divided  into  several 
little  square  compartments,  in  each  of  which  are  kept  a  quantity  of  type  or 
letters  iji  the  same  kind,  whence  the  compositor  takes  tnem  as  he  requires  them 
to  compose  his  matter. 

CASE-HARDENING  is  a  term  applied  to  the  process  of  converting  the 
external  surface  of  articles  or  masses  or  hron  into  steel,  with  the  view  of  com- 
bining the  hardness  of  the  latter  with  the  toughness  and  comparative  cheapness 
of  the  fonner.    See  Iron. 

CASEMATES.    Vaulted  apartments  of  masonry  made  in  the  bastions  of 
fortifications. 
CASEMENT.    A  small  window  made  to  open  or  turn  upon  hinges. 
CASERNS.  A  term  firequenUy  used  synonymously  with  urracks,  but  which 
more  strictly  applies  to  the  huts  or  lodgings  of  soldiers  in  the  ramparts  of  for- 
tified places. 

CASE  SHOT,  or  Canister  Shot.    Tin  canisters  filled  with  small  balls, 
which  are  discharged  from  cannon,  and  make  sad  havock  with  human  life. 
CASHEW-NUT.    See  Anacaroium. 

CASK.  A  vessel  of  capacity,  for  holding  both  liquid  and  dry  goods.  See 
Barrel  and  Coopering. 

CASTING  and  Moulding.  Under  this  head  we  shall  give  the  art  of  takiqg 
impressions  from  sculptures,  medals,  and  other  delicate  works  of  art ;  also  iie 
taking  of  casts  from  the  face,  and  other  natural  objects.  For  the  process  of 
casting  articles  of  metal  in  the  large  way,  see  Foundry.  To  procure  a  cast 
from  any  fiffure,  bust,  medal,  &c  it  is  necessary  to  obtain  a  mould,  by  pressing 
upon  the  thing  to  be  copied  some  substance  callable  of  being  forced  into  all  the 
cavities  or  hoUows  of  the  sculpture.  When  this  mould  is  dry  and  hard,  some 
substance,  which  will  fill  all  the  cavities  of  the  mould,  is  poured  into  it :  the 
form  of  the  oriffinal  from  which  the  mould  was  taken,  is  now  accurately  repre- 
sented* Mouloinfi;  in  any  particular  manner  dep^ds  upon  the  form  of  Uie 
subject  When  mere  are  no  projecting  parts,  hut  such  as  rectilineal  angles 
with  the  principal  surface  of  the  bodvy  notning  more  is  neoeasary  than  to  cover 
it  over  with  the  substance  of  which  the  mould  is  to  be  formed,  and  to  taJce  it  off 
clean,  and  without  bending.  It  may  be  laid  horixontally,  and  will  bear  to  be 
oiled  without  injury.  The  substances  used  for  moulding  are  various,  accordine 
to  the  nature  and  the  situation  of  the  sculpture ;  as  wax,  metal,  plaster  m 
Paris,  &c.  This  last  is  prepared  in  a  fine  powder,  mixed  with  water,  and 
poured  over  the  mould  to  a  convenient  thickness,  after  oiling  it  to  prevent  the 
plaster  from  sticking.    A  composition  of  bees*  wax,  resin,  and  pitcn,  makes  a 
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▼ery  desirable  mould,  if  many  casts  are  to  be  taken.     If  the  situation  of  the 
sculpture  be  perpendicular,  clay,  or  some  similar  substance,  must  be  used.    The 
best  kind  of  clay  is  that  with  which  sculptors  make  their  models ;  it  is  worked 
to  a  due  consistence,  and  having  been  spread  out  to  a  size  sufficient  to  cover  all 
the  surface,  it  is  sprinkled  over  with  whiting,  to  prevent  it  from  adhering  to  the 
original.    Bees'  wax  and  dough,  or  the  cnimb  of  new  bread,  may  also  be  used 
for  moulding  some  small  subjects,  as  impressions  of  seals  and  bijoux.    When 
there  are  under-cuttings  in  the  has  relief  they  must  be  first  filled  up  before  it 
can  be  moulded,  otherwise  the  mould  could  not  be  got  off.    When  the  easts  are 
taken  afterwards,  the  places  must  be  worked  out  with  a  proper  tool.    When  the 
model  or  ori^nal  subject  is  of  a  round  form,  or  nrojects  so  much  that  it  cannot 
be  moulded  m  this  manner,  the  mould  must  be  divided  into  several  parts ;  and 
it  is  frequently  necessary  to  cast  each  of  them  separately,  and  afterwards  to  join 
them  together.     In  this  case  the  plaster  must  be  tempered  with  water  to  such  a 
consistence  that  it  may  be  workea  like  soft  paste,  and  laid  on  with  some  con- 
venient instrument,  compressing  it  till  it  adapt  itself  to  all  parts  of  the  surface. 
When  the  model  is  thus  covered  to  a  convement  thickness,  the  whole  is  left  at 
rest  till  it  becomes  sufficiently  firm  to  bear  dividing,  without  falling  to  pieces 
bv  any  slight  violence ;  it  must  then  be  separated  into  pieces  to  be  taken  from 
the  model,  which  is  done  by  cutting  it  with  a  thin  bladed  knife.    Being  now 
divided,  it  must  be  cautiously  taken  off  and  kept  till  dry ;  but  before  the  separa- 
tion of  the  parts  is  made,  they  are  notched  across  the  joints  at  proper  distances, 
that  they  may  with  certainty  be  put  together  again.     The  art  of  properly 
dividing  the  moulds  to  make  them  separate  from  the  model,  requires  oexterity 
and  sl^    Where  the  sulyect  is  of  a  round  or  spheroidal  form,  it  is  best  to 
fceparate  the  mould  into  tnree  parts,  which  wiU  then  easily  come  off  from  the 
model;   and  the  same  will  hold  good  of  a  cylinder,  or  any  regular  curved 
figure.    The  mould  being  thus  formed  and  diy>  and  the  parts  put  together,  it 
must  be  first  oiled  and  placed  in  such  a  position  that  the  hollow  may  be 
upwards.    It  is  then  fiQea  with  plaster  mixed  with  water,  and  repaired  where 
necessary.    This  finishes  the  operation.     In  laiger  masses,  where  there  would 
otherwise  be  a  great  thickness  of  the  plaster,  a  core  may  be  put  within  the 
mould,  as  was  oroerved  in  regard  to  the  casting  of  statues,  to  produce  9  hoUow 
in  the  cast :  this  saves  expense  of  plaster,  and  renders  the  cast  lighter.    In  the 
same  manner,  figures,  busts,  &c.,  may  be  cast  of  lead,  or  any  other  metal,  in 
the  moulds  of  plaster  or  clay ;  the  moulds  must  be  perfectly  dry,  for  should 
there  be  any  moisture,  the  sudden  heat  of  the  metal  will  convert  it  into  vapour, 
and  produce  by  its  expansion  an  explosion  that  would  blow  the  melted  metal 
about  to  the  great  danger  of  the  artist 

To  take  a  Catt  in  Metal  from  any  umaUAmmalf  Tntect,  or  VegeUMe,  Prepare 
a  box  su£Sciently  large  to  hold  the  animal,  in  which  it  must  be  suspended  oy  a 
string ;  the  legs,  wings,  &c.  of  the  animal,  or  the  tendrils,  leaves,  Arc.  of  the 
vegetable,  must  be  separated  and  adjusted  in  their  right  position  by  a  pair  of 
pincers.  A  due  quantity  of  plaster  of  Paris,  mixed  witn  talc,  must  be  tem- 
pered to  a  proper  consistence  with  water,  and  the  sides  of  the  box  oiled.  Also 
a  straight  piece  of  stick  must  be  put  to  the  principal  part  of  the  body,  and 

Sieces  of  wire  to  the  extremities  of  the  other  parts,  that  they  may  f<nrm,  when 
rawn  out  after  the  matter  of  the  mould  is  set  and  firm,  proper  channels  for 
pouring  in  the  metal,  and  vents  for  the  air,  which,  otherwise,  by  the  rarefac- 
tion it  would  undergo,  fVom  the  heat  of  Uie  metal,  would  blow  it  out,  or 
burst  the  mould.  In  a  short  time  the  plaster  will  set  and  become  hard ;  the 
stick  and  wires  may  now  be  drawn  out,  and  the  fhime  in  which  the  mould  was 
cast  taken  away ;  the  mould  must  then  be  put,  first  into  a  moderate  heat, 
and  afterwards,  when  it  is  as  dry  as  it  can  be  rendered  by  that  degree,  removed 
into  a  greater,  which  may  be  gradually  increased  until  the  whole  be  red  hot 
The  animal  or  vegetable  inclosed  in  the  mould  will  then  be  burnt  to  a  coal, 
and  may  be  totally  calcined  to  ashes  by  blowing  for  some  time  into  the  charcoal 
and  passages  made  for  pouring  in  the  metal  and  giving  vent  to  the  air.  lliis 
operation,  at  the  same  time  that  it  destroys  the  remainder  of  the  animal  or  vegetable 
matter,  will  force  out  the  ashes.   The  mould  is  then  allowed  to  cool  gently ;  the 
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destruction  of  the  fubetance  that  had  been  included  in  it  has  now  produced  a  cor- 
responding hollow ;  but  it  may,  nevertheless,  be  proper  to  shake  the  mould, 
and  blow  with  bellows  into  each  of  the  air  vents,  to  free  it  wholly  from  any 
remaining  ashes :  when  there  may  be  an  opportunity  of  filling  the  hollow  with 
ouicksilver,  it  will  be  found  an  e£fectttal  method  of  cleaning  the  cavity,  as  all 
tne  dust  and  ashes  must  rise  to  the  surface  of  the  quicksilver,  and  be  poured 
out  with  it.  The  mould  being  thus  prepared,  must  be  heated  very  hot  when 
used,  if  the  cast  is  to  be  made  of  copper  or  brass,  but  a  less  degree  of  heat  will 
serve  for  lead  and  tin.  The  metal  being  poured  into  the  mould,  it  must 
be  gently  struck,  and  then  suffered  to  rest  till  it  be  cold ;  it  is  then  carefidlv 
taken  from  the  cast,  but  without  force :  such  jwrts  of  the  matter  as  appear  to  ad- 
here more  strongly,  are  to  be  softened  by  soakmg  in  water  until  they  be  loosened, 
that  none  of  the  more  delicate  parts  of  the  cast  may  be  broken  off  or  bent. 
When  talc  cannot  be  obtained,  plaster  alone  may  be  used;  it  is  apt,  however, 
to  be  calcined  by  the  heat  used  m  burning  the  animal  or  vegetable  from  which 
the  cast  is  taken,  and  to  become  of  too  incoherent  and  fusible  a  texture.  Stour- 
bridge clay,  washed  perfectly  fine,  and  mixed  with  an  equal  part  of  fine  sand, 
may  be  employed.  Pounded  pumice-stone  and  plaster  of  Paris,  in  equal 
quantities,  mixed  with  washed  clay  in  the  same  proportion,  make  excellent 
moulds. 

To  take  a  Cast  m  Pkuterfrom  a  Pen<m*s  Face.  ^  The  person  from  whom  the 
cast  is  to  be  taken  should  lav  down  on  his  back,  with  his  nair  tied  back,  so  that 
none  may  cover  his  fiue.  Into  each  nostril  a  conical  piece  of  stiff  paper,  open 
at  each  end,  is  placed  to  allow  of  breathing.  The  face  is  then  to  he  nghtly  oued 
over  with  sslad  oil,  to  prevent  the  plaster  from  sticking  to  the  skin.  Fresh  burnt 
plaster  is  mixed  with  water  to  a  proper  consistence,  and  poured  in  spoonsful  all 
over  the  face  (taking  care  that  the  eyes  be  shut),  till  it  is  entirely  covered  to 
the  thickness  of  a  quarter  of  an  inch.  This  substance  will  ^w  sensibly  hot, 
hut  this  inconvenience  is  of  short  duration  as,  in  a  few  mmutes,  the  plaster 
will  set  hard,  and  may  be  taken  off  in  a  complete  masl^  which  will  form  a 
mould,  in  which  a  head  of  day  may  be  moulaed,  wherein  the  eyes  may  be 
represented  as  open,  and  such  other  additions  or  corrections  made  as  may  be 
found  necessary.  Then  this  second  face  being  anointed  with  oil,  a  second 
mould  of  plaster  is  made  upon  i^  consisting  of  two  parts,  jointed  lengthwise 
along  the  ridge  of  the  noise,  and  in  this  a  cast  in  plaster  is  taken,  whidi  is  an 
exact  likeness  of  the  orieinaL 

To  take  Caetefirom  Medak^  a  mould  must  first  be  made  of  plaster  of  Paris, 
or  of  melted  sulphur.  After  having  oiled  the  surface  of  the  medal  with  a  little 
cotton,  or  a  camel's  hair  pencil  dipped  in  oil  of  olives,  a  hoop  of  paper  must  be 
put  round  the  medal,  standing  up  above  the  surface,  of  the  thickness  you  wish 
the  mould  to  be.  Take  now  some  piaster  of  Paris,  mix  it  with  water  to  the 
consistence  of  cream,  and  with  a  brush  rub  it  over  the  surface  of  the  medal,  to 
prevent  air-holes  from  appearing ;  then  immediately  afterwards  make  it  to  a 
sufficient  thickness  by  pouring  m  more  plaster.  L*et  it  stand  half  an  hour, 
when  it  will  have  grown  so  hard  that  you  may  take  it  off;  then  pare  it  smooUi 
on  the  back  and  round  the  edees,  neatw :  in  cold  or  damp  weather  it  should  be 
dried  before  a  fire.  When  the  mould  is  large,  if  you  cover  its  face  with  fine 
plaster,  a  coarse  sort  will  do  for  the  back ;  but  no  more  plaster  should  be 
mixed  up  at  one  time  than  can  be  used,  as  it  will  soon  get  hard,  and  cannot  be 
softened  without  being  burned  over  again.  Sulphur  must  not  be  poured  upon 
silver  medals,  as  this  will  tarnish  them.  To  prepare  your  mouJa  for  castmg 
sulphur,  put  plaster  of  Paris  in  it;  take  half  a  pmt  of  boiled  linseed  oil,  and  one 
ounce  of^oil  of  turpentine,  and  mix  Uiem  together  in  a  bottle,  dip  the  surface 
of  the  mould  into  this  mixture,  take  the  mould  out  a^n,  and  when  it  has  ab- 
sorbed the  oil,  dip  it  again ;  repeat  this  tiU  the  oil  will  no  longer  be  absorbed. 
Then  wipe  off  the  oil  with  cotton  wool,  and  set  the  mould  in  a  dry  place  for  a 
day  or  two,  when  it  will  be  a  hard  surface.  To  cast  plaster  of  Paris  in  this 
mould,  proceed  with  it  in  the  same  manner  as  above  directed  for  obtaining  the 
mould  Itself,  first  oiling  the  mould  with  olive  oil.  When  casts  are  wanted  in 
sulphur,  the  material  must  be  melted  in  an  iron  ladle. 
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izj.  Whca  hard,  raiie  tha  itin^aw  with  the  pmnt  of  a  knife,  and  it  will  fljr 
off  with  a  Bpring,  leBvinc  a  iharp  itDprMrion  of  the  medal  The  itingliw  tatj  M 
etlaured  with  an^  of  the  water  eotaort  while  in  tolutkm,  or  ;du  may  breallw 
on  the  coaeave  nde,  and  Uy  gold  leaf  imon  it,  whtdi,  b^  ahiniiig  ttumifb, 
will  giva  it  the  appeanmee  of  a  g<rid  medal.  A  little  carmine  mixed  with  Ote 
MiWliwi  giTei  the  ^peaiance  of  copper,  wtieiilariy  if  gold  leaf  be  placed  inaide. 

CASTOBS.  Small  wheeb  ftied  to  heaT;  bowehold  furnitare,  aa  tables 
aotu,  Bk.  to  admit  of  moving  then  with  ftciUty.  The  annexed  eognTing 
MjnMRti  an  inpTOTeoMat  upon  the  oommon  coti- 
■ttuetion,  by  the  introduction  of  small  antifriction 
roller*,  by' which  meana  the  atcaia  andprMmre 
upon  the  central  pin  ii  removed,  and  the  *maU 
wheel  readily  ainmie*  the  proper  direction.  It 
ia  the  iiiTcntion  of  Mr.  Haieourt,  of  Binning- 
ham.  Fig.  1.  ia  a  tide  new  of  the  castor,  the 
upper  or  socket  part  only  beine  in  section ;  a  a 
ii  a  guide  plate  fixed  round  tha  central  pin  so 
a*  to  icTolre  with  it :  this  plate  baa  cucnlar 
holes  made  tbroiufa  it,  in  each  of  which  it  a 
little  (pherieal  bul,  which  rolls  as  it  is  cai^ 
ried  roond  with  the  |date.  Fa.  2  givei  the  plan 
of  the  guide  plate  a,  which  has  three  or  more 
aperture*  for  the  antifriction  rollers,  and  theae 
roUett  may  be  rilher  spherical  or  cyhndncal 
for  whidi  reason  two  of  them  are  ahown  m  this 
diuram  as  ipherical,  and  one  as  cylindneal. 

Cataract,  in  hydrography,  is  occasioned 
by  a  predpiee  in  the  channel  of  a  river  caused 

I. ■__  ^  other  obetade*  stopping  the  coarse 

ream,  from  whence  the  water  falta  with 
gtast  mriae  and  randity.  Sueix  are  the  cataracts 
of  the  Nile,  tha  Danube,  tiie  Rhine  ice  la 
that  of  Niagara,  the  perpendicular  (all  of  the 
water  ia  137  feel,  and  m  that  of  PisleH  Rhaiadr 
in  North  Walee,  the  M  of  water  it  neariy  240 
fitet  from  the  mountain  to  the  lower  pool. 

CATECHU,  or  J^tav  Eabth.  An  extract  prepared  in  India  from  the  juice 
ot  the  wumeta  eeUeku,  In  its  present  state  it  it  a  dry  pulvetable  tnbetance, 
_»^«JT«  ^F  .  .»IJ£-1.  «.1«..   -..J  J..I.M4.-11H  »/  -  .u;..:....  J^j^  !».._.   *i...^^j 
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outwardly  of  a  reddish  colour,  uid  internally  of  a  tliining  dark  brown,  tinged 
^A  a  reddiib  hne.  It  contoint  a  greater  portion  of  tannin  than  any  o^ei 
TMetahle  matter,  and  what  it  very  remarkable,  no  gallic  acid. 

CATENARIA,  or  Catihskt.  In  the  higher  geooietiT,  the  eurre  line 
fanned  by  a  line  or  cord  han^ng  freely  between  two  points  of  suspension, 
whadier  Oioat  points  be  boriiontal  or  not  The  properties  of  thii  cnrre  have 
been  practically  B[^ied  in  the  coottiuction  of  •utpennMi  bridges,  for  a  descrip- 
tion of  which  see  Bridoh. 

CATOPTRICS,  ii  that  part  of  science  which  treats  of  tha  laws  and  propertiei 
of  light  refteeted  ttom  nurrot*  or  specala.  The  whole  doctrine  of  eatoptriea 
depends  on  this  umpte  principle,  namely,  Aat  the  angle  of  inddenee  it  equal 
to  the  angle  of  reflection. 

CATorraic  Cistuli.  An  arrangement  of  rairrwi  In  a  kind  of  box.  hy 
which  objects  are  represented  as  multiplied,  mognifled,  or  deformed.  A  variety 
of  pleasing  phenomena  are  exhibited  by  machines  of  this  kind. 

CAtorraic,  or  RarLacriHo  Dial,  it  a  kind  of  dial  which  ahowa  the  hours 
by  meant  of  a  piece  of  lo^ng-gUss  nlate,  adjotted  to  reflect  the  sdar  lay* 
apvardt  to  the  ceSing  of  a  room,  on  which  tha  hour  lines  are  delineated. 

CaioFTRic  TcLCSCOFB.  Instead  of  lenses,  this  telescope  it  f\imish*d  chiefly 
■rilb  minors,  and  exhibits  remote  olqects  by  reflection  iottead  of  refraction. 
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GATS  EYE.  A  mineral 't>f  a  beautiful  appearance,  brought  finom  Ceylon. 
Its  colours  are  grey>  green,  brown,  and  red,  of  various  shades;  and  from  a 
peculiar  play  of  fight  proceeding  from  interposed  white  fibres,  it  has  deriTed  its 
name.    It  is  valued  for  settinff  as  a  precious  stone. 

CAULKING  is  a  teem  ap^ed  in  ship-building  to  the  drivinff  of  a  ouantity 
of  oakum,  saturated  with  tar,  into  the  seams  tetween  the  pbnks  of  ships, 
which  is  effected  by  a  blunt  chisel  and  a  mallet.  After  the  oakum  has  been 
driven  very  hard  into  the  seams,  it  is  covered  with  hot  melted  pitch  or  lesin,  to 
preserve  it  against  the  efibcts  of  the  water.  The  term  caulking  is,  however,  now 
extensivdy  applied  to  other  operations  of  a  similar  nature ;  thus  engineen  in 
closing  up  the  junctures  between  the  flanges  of  pipes  or  plates  of  iron,  eanlk 
them  witn  iron  cement 

CAUSTIC.  A  term  in  chemistry,  applied  to  alkalies  when  deprived  of 
carbonic  add  by  means  of  quick  lime. 

Caustic  (Lunar),  A  preparation  of  silver  dissolved  in  nitrous  add,  and 
afterwards  fused  and  formed  mto  small  cylindrical  pieces  in  a  mould. 

CAWK.    A  term  given  by  miners  to  tiie  opaque  sulphate  of  barytes. 

CEMENTATION.  A  chemical  process,  which  consists  in  surrounding  a 
body  in  the  soUd  state  with  the  powder  of  some  other  bodies,  and  exposing  the 
whole  for  a  time  to  a  degree  of  neat  not  sufiident  to  fuse  the  contents.  Thus 
iron  is  converted  into  steel  by  powdered  charcoal ;  green  bottle  glass  into 
porcelain,  bysand,  &c. 

CEMENTS,  in  general,  are  substances  employed  to  unite  bodies  in  close 
adhesion,  for  which  purpose  they  are  applied  in  a  semi-fluid  or  pasty  state, 
so  as  to  be  brought  into  intimate  contact  witn  the  oppodte  surfaces,  and  becoming 
solid  as  Uie  moisture  exhales,  the  whole  form,  as  it  were^  one  mass.  Cements 
are  variously  composed,  according  to  the  nature  of  the  surftces  to  which  they 
are  applied,  and  their  exposure  to  heat  or  moisture.  We  shall  here  annex  the 
processes  of  preparing  and  *mode  of  employing  those  which  are  in  the  most 
esteem* 

Cement  for  Steam.  The  following  methods  are  adopted  by  machinists  to 
join  the  flan^  of  iron  (rrlinders,  and  other  parts  of  hydraulic  and  steam 
engines.  Boded  linseed  ou,  litharge,  red  and  wtute  lead,  mixed  together  to  a 
proper  consirtence,  ap|died  on  each  side  of  a  piece  of  flannel,  previously  shaped 
to  nt  the  joint,  and  tnen  interposed  between  the  pieces  before  thev  are  brought 
home,  as  the  workmen  term  i^  to  their  place,  bv  the  screws  or  other  fastenings 
employed,  make  a  dose  and  durable  joint  Ine  quantities  of  the  ingredients 
ma^  be  varied  without  inconvenience,  takine  care  not  to  make  the  mass  too  thin. 
It  IS  diflSoult  in  many  cases  instantly  to  m&e  a  good  fittinff  of  large  pieces  of 
iron  work ;  this  renders  it  necessary  sometimes  to  join  and  separate  the  pieces 
nmeatedly  before  a  proper  adjustment  is  obtained.  When  this  is  required,  the 
white  lead  ought  to  predominate  in  the  mixture,  as  it  dries  much  slower  than 
the  red.  A  workman  knowing  this  fiict,  can  be  at  little  loss  in  exerdsing  his 
own  discretion  in  regulating  the  quantities.  It  is  safest  to  err  on  the  side  of 
the  white  lead,  as  the  durability  of  the  cement  is  not  thereby  affected ;  a  longer 
time  only  is  required  for  it  to  dry  and  harden.  When  the  fittings  will  not 
eanly  admit  of  so  thick  a  substance  as  flannd  beins  interposed,  linen,  paste- 
board, or  even  paper,  may  be  substituted.  Stones  that  are  broken,  however 
laige,  may  be  joined  together  very  well  with  this  cement,  and  cisterns  put 
togetiier  with  it  will  never  leaL  In  this  case,  the  stones  need  not  be  entirely 
bedded  in  it;  an  inch,  or  even  less,  of  the  edges  that  are  to  be  next  the  water, 
need  only  be  so  treated ;  the  rest  of  the  joint  may  be  filled  up  with  good  lime. 

Iron  Cement  Take  two  ounces  of  muriate  of  ammonia,  one  of  flour  of 
sulphur,  and  sixteen  of  cast-iron  filings  or  borings.  Mix  them  well  in  a  mor- 
tar, and  keep  the  powder  dry.  When  the  cement  is  want^  for  use,  take  one 
part  of  this  mixture,  twentv  parts  of  clear  iron  borings  or  filings,  grind  them 
together  in  a  mortar,  mix  tnem  with  water  to  a  proper  consistence,  and  apply 
them  between  the  joints.  -  This  cement  is  in  extensive  use  by  iron  founders^ 
and  is  found  to  be  very  excellent,  as  in  time  it  unites  with  the  iron  as  one  mass. 

Cement  far  Iron  BoUen,    Six  parts  of  clay,  one  of  iron  filings,  and  linseed 
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oil  sufficient  to  form  a  thick  paste,  make  a  good  cement  for  stopping  cracks  in 
iron  boilers. 

Cemenifor  Copper  BoUen.  Powdered  quick  lime  mixed  with  bullock's  blood 
is  often  used  by  coppenmiths^  to  layoier  the  rivets  and  edses  of  the  sheets  of 
copper  in  laige  boilers,  as  a  security  to  the  junctures,  and  abo  to  prevent  cocks 
from  leaking. 

Cetneniifor  JeweUen^  Lapidarietf  ^e.  It  sometimes  happens,  that  jewellers^ 
in  setting  precious  stones,  by  accident  break  off  pieces;  m  this  case  they  join 
them,  so  that  it  cannot  easily  be  seen,  with  gum  mastic,  the  stone  being  pre« 
viously  made  hot  enough  to  melt  it.  By  the  same  medium  cameos  of  wnite 
enamel,  or  coloured  glass,  are  often  joined  to  a  real  stone  as  a  ground,  to  pro- 
duce the  appearance  of  an  onyx.  Mastic  is  likewise  used  to  cement  fiUse  backs 
or  doublets  to  stones,  to  alter  their  hue.  The  jewellers  in  Turkey,  who  ar^ 
generally  Armenians,  ornament  watch-cases  ana  other  trinkets  with  gems,  by 
glueing  them  on.  The  stone  is  set  in  silver  or  ^Id,  and  die  back  of  the  setting 
made  flat  to  correspond  with  the  part  to  which  it  is  to  be  applied.  It  is  then 
fixed  on  with  the  following  cement :  isinglass,  soaked  in  water  till  it  swells  up 
and  becomes  soft,  is  dissolved  in  Frencn  brandy  or  in  rum,  so  as  to  form  a 
strong  glue.  Two  small  bits  of  gum  galbanum,  or  gum  ammonicum,  are  dissolved 
in  two  ounces  of  this  by  trituration,  and  five  or  six  bits  of  mastic,  as  biff  as  peas, 
being  dissolved  in  as  much  alcohol  as  will  render  them  fluid,  are  to  be  mixed  with 
this  by  means  of  a  gentle  heat  This  cement  b  to  be  kept  in  a  phial  closely 
stopped ;  and  when  used,  it  is  to  be  liquefied  by  immersing  the  phial  in  hot 
water.  This  cement  will  resist  moisture.  Temporary  cements  are  wanted  in 
cutting,  grinding,  or  polishing  optical  classes,  stones,  and  various  small  articles 
of  jewellery,  which  it  is  necessarv  to  fix  on  blocks,  or  handles,  for  the  purpose. 
Four  ounces  of  resin,  a  quarter  of  an  ounce  of  wax,  and  four  ounces  of  whiting, 
made  previously  red  hot,  form  a  good  cement  of  thu  kind,  as  any  of  the  above 
articles  may  be  fastened  to  it  by  heating  them,  and  removed  at  pleasure  in  the 
same  manner,  though  they  adhere  very  firmlv  to  it  when  cold.  Pitch,  resin^ 
and  a  small  quantity  of  tallow,  thickened  with  brick  dust,  is  much  used  at  Bii> 
mingham  for  these  purposes.  Four  parts  of  resin,  one  of  bees -wax,  and  one 
of  brick-dust,  likewise  make  a  good  cement  This  answers  extremely  well  for 
fixing  knives  and  forks  in  their  nafts ;  but  the  manufacturers  of  cheap  articles 
of  this  kind  too  commonly  use  resin  and  brick-dust  alone.  On  some  occasions, 
in  which  a  very  tough  cement  is  requisite,  that  will  not  crack  though  exposed 
to  repeated  blows,  as  in  fastening  to  a  block  metallic  articles  that  are  to  be  cut 
with  a  hammer  and  punch,  workmen  usually  mix  some  tow  with  the  cement, 
the  fibres  of  which  hold  its  parts  together.  Seven  or  eight  parts  of  resin,  and 
one  of  wax,  melted  together,  and  mixed  with  a  small  quantity  of  plaster  of 
Paris^  IS  a  very  good  cement  to  unite  pieces  of  Derbyshire  spar,  or  other  stone. 
The  stone  should  be  made  hot  enough  to  melt  the  cement,  and  tiie  pieces  should 
be  pressed  together  as  closely  as  possible,  so  as  to  leave  as  littie  as  may  be  of 
the  cement  between  them.  This  is  a  general  rule  in  cementing,  as  the  thinner 
the  stratum  of  cement  interposed,  the  firmer  it  will  hold. 

Cemeni  fw  Eketriad  Apparatm.  One  pound  of  bees'-wax  added  to  hse 
pounds  of  resin,  one  pound  of  red  ochre,  and  two  table-spoonfuls  of  pUster  of 
Paris,  all  mixed  together,  make  an  excellent  composition ;  but  a  cheaper  one, 
for  cementing  voltaic  {dates  into  wooden  troughs,  is  made  with  six  pounds  of 
resin,  one  pound  of  red  ochre,  balf  a  pound  of  plaster  of  Paris,  and  a  quarter 
of  a  pint  of  linseed  oil.  The  ochre  and  plaster  of  Paris  should  be  well  dried* 
and  added  to  the  other  ingredients  in  a  melted  state. 

Unhenal  Cemew^  particularly  adapted  for  joining  glass,  porcelain,  and 
metallic  sur&ces,  is  thus  prepared.  To  an  ounce  of  mastic  add  as  much  highly 
rectified  spirits  of  wine  as  will  dissolve  it  Soak  an  ounce  of  isinglass  in  water 
until  quite  soft,  tiien  dissolve  it  in  pure  rum  or  brandy,  until  it  forms  a  strong 
glue,  to  which  add  about  a  quarter  of  an  ounce  of  gum  ammoniac,  weU 
rubbed  and  mixed.    Put  the  two  mixtures  together  in  an  earthen  vessel,  over  a 

fentle  heat;  when  well  unitecit  the  mixture  may  be  put  into  a  phial,  and 
ept  well  stopped.    When  wanted  for  use,  the  bottle  must  be  set  in  warm 
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water,  t]ie  china  or  glasi  artidea  mint  be  alao  wanned,  and  Uie  cement 
applied.  It  will  be  proper  that  the  broken  surfaces,  when  careAilly  fitted,  shaD 
be  kept  in  close  contact  for  twelTC  hours  at  least,  UBtil  tke  ^ment  is  fullv  set; 
after  which,  the  fWicture  will  be  found  as  secure  as  any  part  of  the  vessel  and 
scarcely  perceptible. 

Cement  for  Chemeai  Okutet.  Mix  equal  Quantities  of  wheat  flour,  finely 
nowdo^  Venice  glass,  pnlTeriaed  chalk,  witu  half  the  qnantUy  of  fine  brick- 
dust,  and  a  Uttle  scraped  lint,  into  some  whites  of  eggs.  This  mixture  must 
then  be  spread  upon  a  linen  doth,  and  applied  to  the  craek  of  the  glasses;  it 
diould  be  dried  before  they  are  put  to  the  fire. 

Cement  fat  Sttme  Paper  or  ArHfiaal  SltOu^  Linseed  oil  rendered  dryinff^ 
intimately  mixed  with  white-lead  and  chalk :  this  should  be  used  in  a  near^ 
fluid  state,  as  bv  doing  so  it  will  insinuate  itself  amongst  the  joints  and  interstices^ 
and  cover  the  beads  of  the  nails  perfectly. 

Water  CementSf  or  Roaum  Cemente,  harden  under  water,  and  consolidate 
almost  immediatdy  on  being  mixed.  The  ancient  Romans,  in  making  their 
water  cements,  employed  a  peculiar  earth  obtained  at  the  town  of  PuteolL 
This  they  called  Pume  Puteolamt:  it  is  the  same  that  is  now  called  Puxzolana. 
There  is  a  substance  caUed  tarrae,  terras  or  traett  mostly  employed  by  the  Dutch 
in  Uieir  great  aouatio  structures.  It  is  very  durable  in  water,  but  imeiior  to  the 
other  kinds  in  me  air.  In  an  analysis  of  Parker's  Roman  cement,  by  Monsieur 
Berthier,  he  finds  that  its  constituents,  difibr  so  little  from  the  constituents  of 
chalk  and  common  day,  that  he  proposes  the  manufacturing  of  a  similar  cement 
by  the  mere  mixture  dT  them  in  certain  pro|X)rtions.  One  part  of  clav,  and 
two  and  a  half  parts  of  chalk,  seta  almost  instantly,  and  may  therefore  be 
regarded  as  Roman  cement  If  day  and  oxide  of  iron  be  mixed  with  oil, 
according  to  Mr.  Gted,  of  Stockholm,  they  will  form  a  cement  that  will  harden 
under  water.  It  has  been  discovered  that  manganese  is  a  valuable  ingredient 
m  water  cements:  four  parts  of  grey  day  are  mixed  with  six  of  the  black 
oxide  of  manganese,  and  ninety  of  good  limestone,  reduced  to  fine  powder ; 
then  the  whde  is  calcined  to  expel  the  carbonic  acid.  When  thb  mixture  nas  been 
well  calcined  and  cooled,  it  is  to  be  worked  into  the  consistence  of  a  soft  paste, 
with  sixty  parts  of  washed  sand.  If  a  lump  of  this  cement  be  thrown  into 
water,  it  wul  harden  directly. 

Tiarnert*  CemetUk  Melt  together  resin  one  pound,  pitch  four  ounces;  and 
while  boiling^hot^  add  brick  dust,  untU,  by  dropping  a  little  upon  a  stone,  you 
perceive  it  hard  enough ;  then  pour  it  into  water,  and  immediatdy  make  it  up 
m  rolls,  and  it  will  be  fit  for  use.  A  finer  cement  is  made  of  pitch  two  ounces^ 
resin  one  ounce,  and  red  ochre  finely  powdered.  A  smdl  quantity  of  tallow  is 
used  sometimesi  accordinf  to  the  heat  of  the  weather,  more  being  necessary  in 
winter  than  summer.  Either  of  these  cements  are  of  great  use  to  turners.  By 
appljing  it  to  the  dde  of  a  chuck,  and  makiiur  it  warm  before  the  fire,  you 
may  foirten  any  thin  piece  of  wood,  which  wm  adhere  while  it  is  turned ; 
when  it  is  wanted  ofi'again,  it  need  only  be  struck  an  the  top  with  a  tool,  and 
it  will  immediatelyfall  ofil 

Rice  Cement,  This  useAil  and  elegant  cement,  which,  is  beautiflilly  white, 
and  dries  almost  transparent,  is  made  by  mixing  rice  flour  intimately  with  cold 
water,  and  then  gently  boiling  it  Papers  pasted  toffeUier  with  this  cement 
will  sooner  separate  in  their  own  substance  than  at  ttie  joining.  It  is,  there* 
fore,  an  excellent  cement  in  the  preparation  of  curious  paper  artides,  as  tea- 
trays,  ladies'  dressing  and  work  boxes,  and  other  artides  which  require  layers 
of  paper  to  be  cemented  together.  In  every  respect  it  is  preferable  to  common 
paste  made  with  wheat  flour.  It  answers  well  for  pasting  into  books  the  copies  of 
writing  taken  ofi*by  copying  machines  on  unsiira  silver  paper.  With  this  com- 
fKwition,  made  with  a  small  quantity  of  water,  that  it  may  have  a  consistence 
similar  to  plastic  clay,  models,  busts,  statues,  basso-relievos,  and  the  like,  may 
be  formed.  When  dry  the  artides  made  of  it  are  susceptible  of  a  high  polish ; 
they  are  also  very  durable.  The  Japanese  make  quadrille  fish  of  this  substance, 
which  so  nearly  resemble  those  made  of  mother-of-pearl,  that  the  officers  of 
our  East  Indiamen  are  often  imposed  upon. 
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ParoUe  Cement,  To  prepan  this  cement,  take  the  unsalted  curd  of  skimmed 
milk,  after  pressing  the  whey  out  of  it,  and  break  it  into  lumps ;  distribute  these 
lumps  upon  linen  sheets  laid  upon  the  floor  of  an  airy  room  to  dry;  and  fre- 
quently, from  time  to  time,  as  the  curd  acquires  neater  consistency,  stir  and 
break  it  into  smaller  masses,  either  with  the  hands,  or  with  the  assistance  of 
a  flat  board,  and  a  bar  or  rubber  of  wood,  until  at  lengtib  it  becomes  dry 
enough  to  grind  in  a  steel  coffee-mill  to  a  powder  about  as  fine  as  the  best 
gunnowder,  when  it  must  be  gently  dried  over  a  stove,  and  kept  dry  for  use. 
100  lbs.  of  curd  from  the  cheese-press  will  only  afford  about  30  Um.  of  the  dry 
-curd.  To  90  parts  of  this  dried  curd,  10  parts  of  caustic  quick  lime^  made  of 
blue  marble,  finely  nibbed  to  powder  and  searced,  and  1  part  of  camphor,  must 
be  added,  and  well  mixed,  by  rubbing  the  whole  together  with  a  pallet-knife 


good  a  lonff  time ;  and  when  wanted  for  use,  a  little  of  it  must  be  poured  out 

upon  any  flat  earthen  plate,  &c.,  and,  by  the  aid  of  a  pallet  or  case-knife,  be 
instantly  •"'"*''  •-{♦u  «  •»«-»—.*.«  ^...^a:a..  ^r — a^_  j j —  s*  _i»_  i»a  — •  . 

for  the 

closed, 

would  lose  its  causticity,  upon  which  its  solvent  action,  or  the  caseous  part  of 

the  cement,  entirely  depends. 

The  manufacture  of  that  important  and  valuable  cement,  glue,  is  described 
in  its  initial  order  in  this  work. 

CENTRAL  FORCES.  The  two  antagonist  forces  by  which  bodies  are 
caused  to  revolve  round  a  central  point  As  all  forces  act  in  right  lines,  the 
tendency  of  any  body  moving;  in  a  circle  is  to  fly  off  in  a  riffht  Une  formine 
a  tangent  to  the  circle,  and  this  tendency  is  called  the  centrlnigal  force ;  and 
the  force  by  which  it  is  reslrained  from  so  flying  o£^  and  which  maintains  it  in 
its  curvilinear  path,  is  termed  the  centripetal  force ;  and  these  two  forces  are 
necessarily  equal  to  each  other.  Dr.  Brewster  has  summed  up  the  whole 
doctrine  of  the  central  forces  in  the  following  propositions.  1.  The  centrifiigal 
forces  of  two  unequal  bodies  moving  with  Sie  same  velocity,  and  at  the  same 
distance  from  the  centre  of  motion,  are  to  one  another  as  the  respective  quantities 
of  matter  in  the  two  bodies.  2.  The  centrifugal  forces  of  two  equal  bodies 
which  perform  their  revolutions  roimd  the  centrm  body  in  the  same  time,  but  at 
different  distances  from  it,  are  to  one  another  as  their  respective  distances  firom 
the  central  body.  3.  The  centrifiigal  forces  of  two  bodies  which  perform  their 
revolutions  in  Uie  same  time,  and  whose  quantities  of  matter  are  inversely  as 
their  distances  from  the  centre,  are  equal  to  each  other.  4.  The  centrifugal 
force  of  two  equal  bodies  moving  at  the  same  distance  fit>m  the  central  body, 
but  with  difierent  velocities,  are  to  one  another  as  the  squares  of  the  velocities. 
5.  The  centrifugal  forces  of  two  unequal  bodies  movine  at  equal  distances  from 
the  centre  with  different  velocities^  are  to  one  another  m  the  comnound  ratio  of 
their  quantities  of  matter  and  the  squares  of  their  velocities.  6.  The  centrifugal 
forces  of  two  equal,  bodies  moving  with  e^ual  velocities  at  different  distances 
from  the  centre,  are  inversely  as  their  distances  from  the  centre.  7.  The 
centrifiigal  forces  of  two  unequal  bodies  moving  with  equal  velocities  at  different 
distances  from  the  centre,  are  to  one  another  as  their  quantities  of  matter 
multiplied  oy  their  respective  distances  fit>m  the  centre.^  8.  The  centrifugal 
forces  of  two  unequal  bodies  moving  with  unequal  velocities  at  different  dis- 
tances from  the  centre,  are  in  the  compound  ratio  of  their  quantities  of  matter, 
the  squares  of  their  velocities,  and  their  distances  firom  the  centre. 

To  find  the  centrifugal  force  of  any  bod3r : — Divide  the  velocity  in  feet  ner 
second  by  4.01,  and  Uie  square  of  the  quotient  by  the  diameter  of  the  circle ; 
the  quotient  is  Uie  centrifiigal  force  when  the  weight  of  the  body  is  1.  Hence 
the  quotient,  multiplied  bv  the  weight  of  the  body,  is  the  centrifiiffal  force 
required. — Ex.  Required  the  centrifiisal  force  of  the  rim  of  a  fly-wheel  20  feet 
in  diameter,  moving  with  a  velocity  of  32|  feet  per  second : 

32i-r"4.01=8.02  and  8.02*-#-20=:3.216  times  the  weight  cf  t^  rim. 
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Rule  2. — Moltiplv  the  square  of  the  number  of  revolutioiis  per  minute,  by  the 
diameter  of  the  circle  in  feet,  and  divide  the  product  by  the  constant  number  5870, 
and  the  quotient  is  the  centrifugal  force  when  the  we^ht  of  the  body  is  1 ; 
and  this  quotient,  multijilied  by  Uie  weight  of  the  body,  is  its  centrifugal  force. 
Ek,  Required  the  centrifugal  force  of  a  stone  weighmg  2  lbs.,  revolving  in  a 
circle  cf  4  feet  diameter,  at  the  rate  of  120  revolutions  per  minute : 

120»  X  4=57600  and  gg^  «9.81 

hence  9.81  x  2=19.62  centrifugal  force. 

~  CENTRE  OF  GRAVITY.  A  point  in  any  body  about  which  all  the 
parts  are  in  equilibrio ;  so  that  if  tha  body  be  suspended  or  supported  by  this 
point,  it  wUl  remain  in  anv  position  in  which  it  may  be  placed.    The  centre  of 

rvity  of  any  plane  may  oe  found  mechanically  as  follows:  suspend  the  plane 
a  point  in  or  near  its  perimeter,  and  when  it  is  at  rest,  draw  across  it  a 
vertical  line,  passing  through  the  point;  suspend  it  in  like  manner  by  another 
point,  and  dnw  a  vertical  line  as  before ;  the  intersection  of  these  lines  is 
the  centre  of  gravity. 

CENTRE  OF  GYRATION  is  that  point  in  a  body  revolving  about  an  axis, 
into  which,  if  the  whole  quantity  of  matter  were  collected,  the  same  moving  force 
would  generate  the  same  angidar  velocity. — ^To  find  the  centre  of  gyration :  mul- 
tiply the  weight  of  the  several  narts  of  uie  body  by  the  squares  of  their  distances 
from  the  centre  of  motion,  ana  divide  the  sum  of  the  products  by  the  weight 
of  the  whole  mass,  and  the  square  root  of  the  quotient  will  be  the  distance  of 
the  centre  of  gyration  from  the  centre  of  motion. 

CENTRE  OF  OSCILLATION  is  that  point  in  a  body  suspended  from  a 
point  and  made  to  vibrate,  in  which  all  its  force  is  collected,  and  to  which  point, 
if  an  obstacle  were  applied,  all  its  motion  would  cease.  To  find  the  centre  of 
oscillation  in  a  compound  pendulum : — Multiply  all  the  parts  or  bodies  of  which 
the  pendulum  is  composed^  each  by  the  square  of  its  distance  from  the  point  of 
tusjpension,  and  divide  the  sum  of  the  products  by  the  product  of  the  whole 
weight  of  the  pendulum,  multiplied  by  the  distance  of  the  centre  of  gravity 
from  the  point  of  suspension. 

CENTRE  OF  PERCUSSION.  That  ^int  in  a  body  revolving  about  a  fixed 
axis  into  which  the  whole  force  or  motion  is  collected ;  it  is,  therefore,  that  point 
of  a  revolving  body  which  would  strike  an  obstacle  with  the  greatest  effect,  and 
from  this  property  it  has  received  the  name  of  the  centre  of  percus^tion.  The 
centres  of  percussion  and  of  oscillation  are  generally  treated  separately,  but 
the  two  centres  are  in  the  same  point,  and  therefore  their  properties  are  tlie 
same.  As  in  bodies  at  rest  the  whole  weight  may  be  considered  as  collected  in 
the  centre  of  gravity,  so  in  bodies  in  motion,  the  whole  force  mav  be  considered 
as  concentrated  in  the  centre  of  percussion ;  therefore,  the  weight  of  the  rod 
multiplied  bv  the  distance  of  the  centre  of  gravity  from  the  point  of  suspension, 
will  be  equal  to  the  force  of  the  rod  divided  by  the  distance  of  the  centre  of 
percussion  from  the  same  point  For  example :  suppose  a  rod,  12  feet  long, 
and  weighing  2  lbs.  per  foot,  with  two  balls  of  3  lbs.  each,  one  fixed  6  feet 
from  the  point  of  suspension,  and  the  other  at  the  end  of  the  rod ;  what  is 
the  distance  between  tne  points  of  suspension  and  of  percussion  f 

12  X  2  X  6=144  momentum  of  rod. 
3X6         =18        ditto        of  first  balL 
3  X  12       =3  36        ditto  of  second  ball. 


198  momentum  of  balls  and  nrf  i 

and  the  weight  of  the  rod  multiplied  by  the  square  of  its  leugth,  and  divided 
by  Sasto  the  force  of  the  rod ;  and  the  weight  of  the  bal'  multiplied  by  the 
square  of  their  distance  from  the  point  of  suspension's  to  (  .  force  of  the  ball. 
Inerefore— 
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24  X  144 

— 3 =1 152  the  force  of  the  rod 

3  X  36»  108    ditto      of  the  6nt  hall 
3  X  144«  432    ditto      of  the  second  ball 

lG92==force  of  halls  and  rod, 

and  1692-7- 198=8.545  feet  from  the  point  of  suspension.  In  a  slender  rod,  of 
small  breadth  as  compared  with  its  length,  the  distance  of  the  centre  of  percussion 
is  nearly  two-thirds  of  its  length  from  the  point  of  suspension.  In  an  isoceles 
triangle,  suspended  by  its  apex,  and  vibrating  in  a  plane  perpendicular  to  itself, 
the  distance  of  the  centre  A  percussion  is  tlvee-fourths  of  its  altitude;  and  the 
same  thiiur  holds  with  regard  to  fly-wheels,  or  wheels  in  eeneral. 

CENTRE,  or  Cbntbeino.  The  framinff  of  timber  by  which  an  arch  or 
vault  is  supported  durine  its  erection.    See  Bridge. 

CENTRIFUGAL  MACHINE.  A  machine  invented  by  Mr.  Erskine  for 
raising  water  by  means  of  a  centrifugal  force  combined  with  the  pressure  of  Uie 
atmosphere.  This  machine  consists  of  a  vertical  tube  resting  upon  a  pivot,  and 
having  at  top  two  horizontal  hollow  arms,  near  the  extremity  of  each  of  which, 
but  on  opposite  sides,  is  a  valve  opening  outwards ;  whilst  near  the  bottom  of 
the  vertical  tube,  and  below  the  surface  of  the  water  to  be  raised,  is  a  valve 
opening  inwards.  On  the  upper  part  of  the  arms  are  two  holes^  with  screw- 
eaps,  and  through  these  holes  water  is  poured  previous  to  setting  the  machine 
in  motion ;  by  which  means  the  air  is  forced  out  of  the  machine,  and  the  water 
supported  in  the  tube  by  the  foot-valve  at  the  bottom.  The  holes  in  the  arms 
bemg  secured  by  their  screw-ca|^  and  a  rapid  rotatory  motion  being  commu- 
nicated to  the  tube,  the  water  m  the  arms  acquires  a  centrifugal  force,  opens 
the  valves  near  the  extremity  of  the  arms,  and  flies  out  with  a  velocity  nearly 
equal  to  that  of  tiie  arms,  discharging  itself  into  a  circular  trough.  Although 
extremely  ingenious  and  simple,  tius  machine  is  not  equal  ui  efibct  to  a  wdl- 
made  pump ;  and  u  the  fluid  is  forced  up  the  vertical  tube  into  the  aims  by 
the  pressure  of  the  atmosphere^  it  is  incapable  of  raising  water  to  a  height 
exceeding33  feet 

CERiO'E.  A  compound  of  hog's  lard  or  oil  with  bees*  wax,  employed  in 
surgety. 

CERIN.    That  part  of  common  wax  which  is  dissolved  by  alcohoL 

CERIUM.  A  newly  discovered  metal  found  in  the  mineral  cerite.  It  has 
not  yet  been  obtained  in  a  useful  metallic  form. ' 

CERUSE,  or  Wuitk  Lead,  is  commonly  made  by  coiling  up  very  thin  cast 
sheets  of  lead  into  rolls,  so  as  to  leave  a  small  space  between  each  fold.  The 
roUs  thus  formed  are  liffhtly  jammed  into  the  mouths  of  a  number  of  earthen- 
ware pots,  which  are  about  half  filled  with  vinegar.  These  pots  are  placed  in 
a  situation  whero  a  very  gentle  heat  will  cause  a  slow  evaporation  of  the 
vinegar,  in  order  that  it  may  gradually  operate  upon  the  lead.  A  layer  of 
several  hundreds  of  them  aro  usually  deposited  either  in  a  bed  of  tanner's  spent 
bark,  or  dung,  contained  in  a  wooden  nrame.  Boards  aro  then  laid  over  the 
tops  of  these  pots,  and  on  this  teniporary  floor,  which  is  supported  by  boards 
placed  edgeways,  is  laid  another  laver  of  pots  similarly  fumisned.  Seven  such 
layers  of  pots  are  placed  in  succession  over  each  other,  to  form  a  stack.  When 
the  vinegar  is  found  to  be  completely  evaporated  in  these  stacks,  which 
generally  occupies  three  months,  ttiey  aro  taken  down ;  the  corroded  lead  is 
taken  out  of  the  mouths  of  the  pots,  but  as  the  adhesion  to  the  latter  is  veiy 
strong,  many  of  them  are  broken  in  getting  out  the  lead,  and  the  poisonous 
^t  which  the  workmen  inspiro  by  tnis  operation,  lamentably  impain  their 
health,  and  they  aro  often  in  consequence  amicted  with  the  disease  called  the 
Devonshire,  or  painter's  colic.  To  avoid  thb  serious  evil,  and  economize  the 
process,  a  dUETerent  and  mora  mechanical  arrangement  has  been  made.  The  base 
of  the  stack  is  made  of  a  layer  of  pots  fltied  with  vinegar  only ;  over  these  is 
supported,  by  planks  on  edge,  a  floor  of  boards,  pieroed  with  numerous  holes 
to  lulow  the  passage  of  the  acid  vapour ;  on  these  perforated  boards  are  then 
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laid  the  rolU  of  lead,  then  another  perforated  floor,  and  another  layer  of  rolls, 
until  Uie  stack  is  completed.  By  this  arrangement  it  is  said  that  the  manufac- 
turer obtains  one-third  more  white  lead,  saves  his  pots  from  hreakase,  and 
avoids  the  dust  so  pernicious  to  the  workmen  by  first  iprinkling  the  rolls  with 
water.  Upon  uncoiling  the  plates,  the  white  substance  that&lls  off  is  the  purest 
white  lead,  and  is  disj^ised  of  for  the  finest  work  under  the  name  of  JlakewhUe; 
a  portion  of  the  latter  is  ground  up  with  water,  formed  into  small  lumps,  and 
sob  under  the  name  of  eeruae.  But  all  the  white  lead  that  is  subsequently 
taken  off  the  plates  is  ground  up  either  with  water,  and  sold  in  large  lumps,  or 
it  is  eround  with  <nl,  and  is  usually  more  or  less  adulterated  with  whiting,  to 
suit  Sie  various  priees  at  which  it  is  required  in  the  market.  As  the  processes 
employed  in  France  and  Germany  for  the  manufacture  of  ceruse  appear  to  be 
weft  worthy  of  attention,  we  shall  here  annex  some  account  of  tbem.  In 
France  the  font  part  of  the  process  conmsts  in  dissolving  174  lbs.  of  finely- 
ground  liUiarge  in  65  lbs.  of  pyroligneous  add,  of  such  strength  that  221  grains 
of  this  acid  will  saturate  25  grains  of  sub-carbonate  of  soda ;  fifteen  to  twenty 
limes  as  much  water  is  usuafly  added.  The  whole  is  left  for  a  short  time,  and 
the  clear  portion  being  decanted  o^  some  fresh  acid  and  water  is  poured  on  the 
sediment,  to  take  up  any  oxide  that  might  have  escaped  the  actioa  of  the  first 
parcel  The  decanted  solution  is  rmi  mto  laige  shaUow  covered  dstems,  into 
which  carbonic  acid  gas  is  passed  through  numerous  pipes.  When  the  settling 
appears  to  be  complied,  the  whole  is  passed  into  a  deep  dstem,  and  left  there 
for  some  hours,  when  the  liquid  part  is  to  be  poured  off,  in  order  to  be  combined 
with  more  litharge,  some  fresh  add  being  also  added.  After  the  desfared  tint 
has  been  given  to  tiie  lead,  it  is  wdl  drainedi  put  into  fflaied  pots  of  the  proper 
shape  to  imitate  the  Dutch  white  lead  leaves,  then  dned  in  stoves,  and  Jastly, 
packed  in  blue  paper  to  hdghten  the  effect  of  its  beautiftd  colour. 

In  Germany  the  first  part  of  the  process  consists  in  casting  the  pure  lead  of 
Corinthta  into  very  thin  sheeti,  which  is  effected  by  pouring  the  liquid  metal 
upon  inclined  sheets  of  iron.  The  sheets  of  lead  are  trimmed  to  a  proper  size, 
and  suspended  over  an  acid  liquor  contained  in  boxes,  which  are  usually  about  5 
feet  long,  1  foot  broad,  and  10  inches  deep ;  and  they  are  pitched  internally  on 
the  bottom,  and  rising  therefirom  about  2  mches  at  the  sides.  Sticks  are  placed 
across  the  boxes,  and  the  sheets  of  lead  are  doubled  so  as  to  be  su^nded  in  the 
middle  by  them,  but  >o  as  not  to  touch  each  other,  nor  the  acid  liquor  deposited 
underneath  them.  The  liquor  in  some  manufiustories  is  made  of  equal  parts  of 
vinegar  (obtained  from  crab  apples)  and  wine  lees,  and  about  two  gallons  of  this 
mixture  is  apportioned  to  each  oox.  Some  manufiwturers  use  20  pints  of  vinegar, 
8  pints  of  wme  lees,  and  1  lb.  of  peail  ash.  The  usual  mode  is  to  dispose  the 
boxes  in  a  large  room  heated  up  to  87*  Fahrenheit ;  a  greater  heat  would 
evapoimte  the  acid  too  fast  In  about  a  fortnight  the  ecxrosion  is  finished, 
rendering  the  sheets  about  a  quarter  of  an  inch  thick,  and  partially  covered 
with  crystals  of  susar  of  lead.  Those  crystals  that  are  easuy  detached  are 
carefully  washed;  during  this  operation  a  white  scum  appears,  which  is  taken 
€^  and  a  little  pearl  ash  Seine  added  to  it,  it  is  changed  into  ceruse  of  a  beautiftd 
whiteness,  and  is  sold  for  me  choicest  purposes;  the  remainder  is  mixed  in 
different  proportions  with  the  pure  sulphate  of  barytes,  brought  from  the  Tyrol. 

CETINE.  The  name  given  by  Chevreul  to  spermaceti,  which  is  extensively 
adopted.    See  Fat. 

CHAFF-CUTTINO  MACHINE,  as  its  name  denotes,  is  a  machine  for 
cutting  chaff  for  cattle,  which  being  an  object  of  some  consequence  on  large 
farms,  and  in  establishments  employing  many  horses,  a  variety  of  machines 
have  been  invented  for  the  purpose  of  performing  tiie  operation  with  fadli^ 
and  dispatch.  For  a  highly-improved  machine  of  this  description,  see  tiie 
article  Straw. 

CHAIN.  A  series  of  links  of  metal  engaged  one  within  the  other;  also, 
in  surveying,  a  measure  of  length,  made  of  a  certain  number  of  links  €i  iron 
wire.  That  which  is  most  commonly  used  for  this  purpose,  called  Gunter's 
chain,  is  composed  of  100  linkss=4  poles,  or  66  feet;  and  1  square  chaftiss 
10,000  links=sl6  poles ;   10  square  chains^::  100,000  links»  160  peles:=  1  acre 
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CHAIN  PUMP.    See  Pumps. 

CHALDRON.  An  Engliah  measure  for  coals,  containing  12  sacks,  or  36 
bushels.  The  bushel  measures  are  always  heaped  up,  and  on  shipboard,  21 
chaldrons  are  allowed  to  the  score. 

CHALK.    A  species  of  carbonate  of  lime. 

CHALYBEATE.    Mineral  water  imprecated  with  iron  is  so  called. 

CHARCOAL.  The  fixed  residue  of  vegetables  exposed  to  a  strong  heat 
whilst  protected  firom  the  access  of  the  atmospheric  air.  In  countries  where 
wood  abounds,  charcoal  is  prepared  by  forming  it  into  a  conical  stack,  covered 
with  day  and  turf  to  the  aepth  of  several  inches,  leaving  an  aperture  at  the 
top  for  the  escape  of  the  smoke,  and  several  small  apertures  at  bottom  for  the 
admission  of  air  at  first  lighting  of  the  pile,  but  which  are  carefully  closed  as 
soon  as  the  ifi;nition  is  supposed  complete.  *  Charcoal  is  also  made  on  a  great 
scale  by  charrmg  wood  in  iron  cylinders,  as  described  under  the  head  of  Acetic 
Acid.  Charcou  has  been  prepared  lately  in  France  from  turf  or  peat,  and  is 
said  to  be  superior  to  that  prepared  from  wood.  In  a  goldsmith's  furnace  it 
fused  11  ounces  of  gold  in  8  minutes;  whilst  wood  charcoal  required  16  minutes 
to  produce  the  same  effect  The  malleability  of  the  gold,  too,  was  preserved 
in  tne  former  instance,  but  not  in  the  latter.  From  the  scarcity  of  wood  in  this 
country,  pitcoal  charred  is  much  used  instead  of  charcoal,  and  is  known  by  the 
name  of  coke. 

CHARGE,  in  gunnery,  the  quantity  of  powder  and  shot  which  is  necessary 
to  load  a  piece  of  ordnance,  in  order  that  when  fired  it  ma^  produce  the  in- 
tended effect.  For  proving  guns  the  weight  of  the  powder  is  alw&ys  equal  to 
that  of  the  ball ;  but  the  cmurge  of  powder  generauv  esteemed  sumcient  for 
service  is  one-half  or  one-third  the  weight  of  the  ball,  or  even  less.  Dr. 
Uutton  found,  from  many  experiments,  that  the  length  of  the  charge  producinj^ 
the  greatest  velocity,  in  guns  of  various  lengths  of  bore,  from  15  to  40  cali- 
bres^ is  as  follows : —  ^ 

Length  of  bofe.  Length  of  charge. 

15 

20 

}  calibres.  {  "  )>  the  length  of  the  bore. 

30 

40 

CHAYA  ROOT.  The  root  of  (HdMiandia  umheUata,  which  grows  wild  on 
the  coast  of  Coromandel,  and  is  likewise  there  cultivated  for  the  use  of  the 
dyers  and  calico  printers.  It  is  used  for  the  same  purposes  as  madder  with  us, 
to  which  it  is  said  to  be  far  superior,  giving  the  red  so  much  admired  in  the 

Madras  cottons- 

CHEESE.  An  article  of  food  obtained  by  mixing  an  acid  with  milk,  which 
causes  it  to  coagulate  and  form  a  curd ;  the  curd  is  then  subjected  to  the  action  of 
a  powerful  press  to  separate  it  from  the  whey,  afler  which  it  is  set  upon  racks 
to  dry.  The  quantity  of  curd  is  less  when  a  mineral  acid,  than  when  a  vege- 
table acid  is  used ;  but  the  substance  which  answers  best  for  this  purpose,  and 
indeed  which  is  almost  the  only  one  employed  in  England,  is  rennet,  which  is 
made  by  macerating  in  water  the  last  stomach  of  a  calf,  salted  and  dried  for 
this  purpose.  Cheese  is  made  in  several  parts  of  England,  but  that  made  in 
Chester  18  generally  esteemed  superior  to  all  others.  An  excellent  account  of 
the  mode  of  making  it  will  be  foiud  in  Vol.  XI.  of  TWoek's  Magazine^  taken 
fifom  the  agricultural  report  of  the  county.  "  If  the  milk,"  savs  the  reporter, 
'^  be  set  together  very  warm,  the  curd,  as  before  observed,  will  be  firm ;  in  this 
case,  the  usud  mode  is  to  take  a  common  case  knife,  and  make  incisions  across 
it  to  the  fiill  depth  of  the  blade  of  the  knife,  at  the  distonce  of  about  1  inch, 
and  again  crossways  in  tlie  same  manner,  the  incisions  intersecting  at  right 
angles.  The  whey  rising  through  these  incisions  is  of  a  fine  pale  green  colour. 
The  cheese-maker  and  two  assistants  proceed  then  to  break  the  curd;  thu  is 
performed  by  their  repeatedly  putting  then-  hands  down  into  the  tub,  the  cheese- 

X  X 
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maker  with  the  skimming  dish  in  one  hand,  hreakinff  every  part  of  it  as  thev 
catch  it»  raising  the  curd  from  the  bottom,  and  still  breaking  it  This 
part  of  the  business  is  continued  till  the  whole  is  broken  unifbrmlr 
small;  it  generally  takes  up  about  40  minutes,  and  the  curd  is  then  Im 
covered  over  with  a  cloth  to  subside."  The  cheese  is  subsequently  broken 
by  hand,  mixed  with  salt,  and  out  into  a  rat,  in  which  it  is  pressed  with 
loaded  boards,  and  then  is  tumea  over  upon  a  cloth  into  another  vat,  with  a 
tin  hoop  or  binder  over  the  upper  part  of  the  cheese,  and  within  the  sides  of 
the  va^  and  then  pressed  for  about  8  hours,  being  twice  turned  in  the  vat 
during  that  time,  it  is  then  set  to  dry,  beinff  turned  twice  a  day  for  the  first 
week,  and  then  cleared  and  turned  once  daDy  for  three  weeks  longer,  after 
which  it  is  removed  to  the  common  cheese-room,  where  it  is  laid  upon  straw 
upon  a  boarded  floor  until  it  acquires  the  proper  hardness. 

CHEMISTRY  is  the  science  which  teaches  the  composition,  properties,  and 
uses,  of  all  material  bodies.     It  is  the  business  of  Mineralogy  to  mvestigate  the 
properties  and  uses  of  inorganic  substances  as  they  natwraUy  occur,  but  it  is 
the  office  of  chemistiy  to  reduce,  not  only  them,  but  all  organic  bodies,  to  their 
primitive  elements,  and  having  discovered  the  component  parts  and  their  pro- 
portions, to  aim  at  Uieir  reproduction,  when  such  reproduction  would  be  benemsial 
to  man.    Under  this  head  we  shall  give  but  a  snort  sketch  of  this  extensive 
science,  as  it  will  be  necessary  to  exmain  the  nature  and  mode  of  operation  of 
those  potent  agents,  Lisht,  Heat,  ana  Electridtv;  and  as  each  substance  which 
is  the  object  of  chemicu  research  will  be  described  under  the  initial  letter  of  its 
name.     For  the  history  of  this  science  we  must  refer  our  readers  to  Brandt** 
Manual,  or  some  other  systematic  work  on  the  science,  as  its  details  would  be 
far  too  multifarious  to  be  compatible  with  the  limits  of  this  work.    The  science 
of  chemistry  will  be  found  to  depend  chiefly  on  the  operation  of  the  different 
degrees  of  attraction  which  the  various  elementary  bodies  have  for  each  other. 
Every  mass  of  matter  on  the  earth,  or  diffused  through  the  universe,  is  found  to 
tend  towards  every  other  mass.    This  tendency  is  expressed  by  the  term  from" 
taHont  and  it  is  found  to  increase  in  intensitv  as  the  masses  are  nearer  m  the 
proportion  of  the  sauares  of  the  distances  between  them.     If,  however,  we 
examine  this  power  m  individual  masses,  we  shall  find  it  act  with  much  greater 
intensity,  and  to  varv  its  force  in  different  bodies ;  it  is  then  called  t^nity. 
The  former  species  of  attraction,  or  that  acting  on  masses  at  sensible  distances, 
forms  the  particular  object  of  study  in  mechanical  philosophy ;  while  the  action 
of  the  particles  on  each  other  at  insensible  distances  is  the  object  of  chemical 
philosophy.    When  ^s  affinity  acts  between  particles  of  the  same  kind,  it  is 
called  cohesion ;  but  when  it  operates  between  particles  of  a  different  kind,  it  is 
called  chemical  attraction,  the  attraction  of  composition,  or  sometimes  simply 
affinity.    One  particle  of  copper  is  attached  to  another  particle  of  copper  by 
eahetum;  also  a  particle  of  sulphate  of  copper  to  another  particle  of  the  same 
substance ;  but  when  a  particle  of  copper  unites  with  a  particle  of  sulphuric  or 
nitric  acid,  it  is  an  instance  of  chemical  affinity.    The  attraction  of  cohesion, 
as  well  as  the  power  of  repulsion,  which  is  opposed  to  it,  are  both  opposed  to 
chemical  attraction.    A  lump  of  sugar  or  salt  is  much  more  readily  dissolved 
if  previously  broken  into  pieces  or  pulverized,  than  if  left  in  the  solid  form 
which  cohesion  imparts  to  it    Chemical  attraction  has  been  distinguished  into 
three  degrees  or  states  of  energy :  the  result  of  the  lowest  kind  is  nuxture  ;  of 
the  second,  sohUion;  and  of  the  third  and  most  energetic,  compotUion,  Chemical 
mixim^  takes  place  when  the  particles  of  two  bocues  are  in  a  like  state,  and 
the  power  of  cohesion,  with  regard  to  them,  so  far  suspended,  as  to  admit  of 
that  fireedom  of  motion  between  themselves  upon  which  fluidity  depends ;  thus, 
two  liquids  or  two  aeriform  fluids  may  admit  of  mixture,  but  two  solids  can  be 
chemically  mixed  only  by  diminishing  their  cohesion  by  means  of  heat  to  such 
a  degree  as  to  bring  one  or  both  to  the  state  of  liquids.     Between  some  fluids 
there  appears  to  bs  no  attraction,  and  hence  they  do  not  admit  of  mixture ; 
thus,  if  water  and  oU,  or  water  and  mercury  be  agitated  together,  they  will 
separate  as  soon  as  they  are  allowed  to  remain  at  rest,  the  denser  body  occupying 
the  lower  place ;  but  sulphuric  acid  and  water,  or  alcohol  and  water,  have  a 
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strong  attractioii  for  each  other,  and  when  mixed,  do  not  leparaie  by  repose, 
although  the  density  of  the  ingredients  materially  difibrs.  The  atmosphere  in 
which  we  live  and  breathe  is  an  example  of  the  mixture  of  aeriform  bodies : 
it  is  composed  of  two  ffases— oxyeen  and  nitrogen,  which  are  minded  with 
surprising  uniformity,  fhey  may  be  separated  fiom  each  other,  and  the  pro- 
perties of  the  latter  exhibited,  by  burning  a  little  sulphur  under  a  bell  glass 
OTer  water.  By  this  process  the  oxygen  is  removed,  combining  with  ike  sulphur, 
and  the  nitrogen  remains.  The  properties  of  these  gases  will  be  discussed 
hereafter  under  their  respective  names.  Unlike  liquids,  all  aeriform  bodies  have 
the  property  of  mixing  together.  This  difference  is  considered  to  arise  from  a 
modification  of  attraction  oetween  their  constituent  particles.  In  the  case  of 
liquids  not  mixing,  the  attraction  of  cohesion  between  similar  particles  is  pro- 
bably greater  than  the  chemical  attraction  between  the  dissimilar  partides.  In 
gaseous  bodies  the  attraction  of  cohesion  does  not  appear  to  exist,  and  chemical 
mixture  operates  unopposed.  The  expansive  power  of  heat  is  opposed  to 
cohesion,  and  hence  this  attraction  maybe  so  far  counteracted,  that  solid  bodies 
shall  assume  the  fluid  state,  and  may  then  be  mixed  together ;  thus,  melted  tin 
may  be  mixed  with  mefted  lead  or  copper,  and  their  particles  remain  combined 
after  they  have  resumed  the  solid  state.  Chemical  mixture  may  take  place 
between  two  bodies  in  any  proportion.  Equal  measures  of  sulphuric  ada  and 
water  may  be  commingled,  or  a  single  drop  of  the  former  may  be  mixed  with 
a  pint  or  a  gallon  of  tne  latter,  and  the  mixture  will  be  uniform  and  perfect 
Chemical  mixture  is  often  attended  by  condensation  or  diminution  of  volume. 
If  equal  measures  of  sulphuric  acid  and  water  are  mixed,  the  mixture  will  not 
fill  two  measures :  this  contraction  is  usually  accompanied  with  an  increase  of 
temperature.  If  four  parts  of  sulphuric  acid  be  suddenly  mixed  with  one  of 
water,  both  at  ordinary  temperatures,  the  heat  of  the  mixture  will  be  higher 
than  that  of  boiling  water.  The  properties  of  bodies  are  not  essentially  chaneed 
by  moisture ;  in  general,  however,  those  of  the  more  active  prevail.  A  few 
drops  of  sulphuric  acid  will  communicate  a  sour  taste  to  a  quart  of  water. 
The  separation  of  liquid  mixtures  may  be  effected  either  by  the  addition  or 
subtraction  of  heat,  arising  from  the  unequal  effect  produced  by  this  agent  on 
different  bodies.  By  carerally  applying  heat  to  a  mixture  of  alcohol  and  water, 
the  spirit  will  rise  in  vapour,  ana  leave  the  water  pure ;  this  process  is  called 
evaporation.  If  the  more  evaporable  fluid  is  condensed  ana  received  into  a 
separate  vessel,  it  is  termed  £ttiUaUon.  This  process  may  easily  be  performed 
in  a  small  way  by  using  a  retort 
and  receiver.  In  the  annexed  cut 
a  is  the  retort,  containing  the  mixed 
liquid,  which  may  be  spirit  and 
water,  or  a  little  wine  or  ale ;  b  is 
the  receiver,  into  which  the  neck 
of  the  retort  must  pass  through  a 
cork ;  c  is  the  spint  lamp,  woich 
furnishes  heat  for  the  distillation. 
As  soon  as  the  heat  is  applied,  the 
spirit  being  more  easily  vapourized, 
rises  to  the  top  of  the  retort,  where, 
being  condensed  into  the  liquid 
state,  it  slowly  trickles  down  the 
neck  into  the  receiver.  The  neck  of  the  retort  and  the  receiver  may  be  kept 
cool,  by  applying  cloths,  constantly  moistened  with  cold  water,  to  their  external 
surface.  The  spirit  may  also  be  separated  from  the  water  by  intense  cold, 
which  freezes  the  water,  and  leaves  the  spirit  in  its  liquid  state.  Mixtures  of 
gaseous  fluids  are  not  separable  by  heat  or  cold,  for  they  all  expand  equally  by 
equal  additions  of  heat ;  but  steam,  and  other  vapours,  may  be  separated  mm, 

fases  by  reduction  of  temperature,  which  destroys  the  elasticity  of  the  former, 
ut  not  of  the  latter.  The  second  degree  of  chemical  attraction  is  jo/u/son, 
which  operates  between  solids  and  liquids^  or  gases  and  liquids:  the  liquids,  in 
these  cases,  are  called  solvents.     Between  some  liquids  and  solids  attraction 
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doA  not  exist,  or  it  is  overbalanced  by  tbe  cohesive  power.  Resin  and  sealing 
wax  are  insoluble  in  water,  but  readily  dissolve  in  alcohol.  Chemical  attraction 
may  be  exerted  in  different  degrees  between  one  body  and  several  others. 
There  is  an  affinity  between  alcohol  and  water,  whereby  they  are  capable  of 
mixing ;  there  is  also  a  mutual  affinity  between  alcohol  and  resin,  by  which  the 
former  dissolves  the  latter ;  but  there  is  no  affinity  between  water  and  resin. 
.Now,  if  water  be  added  to  a  solution  of  resin  in  alcohol,  the  resin  will  resume 
the  solid  form ;  the  attraction  between  the  particles  of  alcohol  and  those  of 
water  is  greater  than  that  between  the  particles  of  resin  and  alcohol :  the 
consequence  is,  that  the  alcohol  quits  the  resin  and  combines  with  the  water, 
and  the  resin  falls  to  the  bottom  m  the  liquid.  This  id  called  dectkfe  aUractitm, 
because  the  alcohol  may  be  considered  as  exercising  a  choice  between  the 
substances  with  which  it  is  capable  of  combining.  This  resumption  of  the 
solid  form  by  a  body  previously  dissolved  in  a  liquid,  is  termed  preeipitaiitm. 
The  power  of  solution  is  limited,  as  liquids  cannot  combine  with  more  than  a 
certam  definite  quantity  of  any  solid  or  aeriform  body.  The  point  at  which 
the  action  between  the  two  bodies  ceases  is  called  the  point  of  »aiurati<m.  Up 
to  this  point  the  two  bodies  may  combine  in  any  proportions.  A  solvent  that 
has  been  saturated  with  one  substance,  is  often  capable  of  combining  at  the 
same  time  with  ethers ;  thus  water  that  is  saturated  with  saltpetre  will  dissolve 
a  considerable  quantity  of  common  salt.  The  influence  of  heat  upon  the  power 
of  solution  corresponos  with  the  difference  between  cohesion  and  elasticity. 
Upon  solid  bodies  it  generally  increases  the  power  of  the  solvent  by  diminishing 
their  cohesion.  Upon  aeriform  bodies  it  diminishes  tlie  power  by  increasing 
their  elasticity.  Solvents  may  be  separated  from  the  bodies  with  which  they 
are  united  by  alterations  of.  temperature.  If  a  solution  of  alum  or  common 
salt  be  boiled,  the  liquid  will  be  dissipated  in  vapour,  but  the  solid  salt  will 
remain.  If  a  solution  of  carbonic  acid  in  water  be  fiY>sen,  the  gas  will  escape 
and  the  water  remain  in  the  solid  state.  The  result  of  the  highest  degree  of 
chemical  attraction  is  eompoaUion,  which  may  take  place  between  bodies  under 
every  modification  of  cohesive  attraction.  Bodies  that  unite  in  this  intimate 
manner  combine  only  in  definite  proportions,  which  are  invariable  in  the  same 
compound.  Combination  usually  produces  a  total  change  in  the  sensible  pro- 
perties of  the  combining  substances ;  and  the  process  is  generally  accompanied 
by  change  of  temperature,  to  such  an  extent  sometimes  that  light  and  heat 
are  emitted  in  abundance.  If  copper  filings  and  sulphur  be  mixed  together, 
and  heat  applied  as  soon  as  the  suiphur  melts,  a  violent  action  will  take  place, 
the  copper  will  become  red  hot,  and  a  black  brittle  body  will  be  formed,  with 
properties  totally  different  from  those  of  its  two  ingredients.  This  compound, 
which  is  the  sulphuret  of  copper,  is  often  found  ready  formed  in  mineral  veins; 
but  whether  existing  naturally,  or  formed  by  art,  its  composition  is  definite  and 
invariable.  It  is  found  to  consist  of  64  parts  by  weight  of  copper,  and  16  of 
sulphur.  There  is,  however,  another  compound  or  copper  and  sulphur,  in 
which  the  proportions  are  64  copper  to  32  or  sulphur.  In  this  it  will  be  seen 
that  the  quantity  of  sulphur  is  exactly  double  of  that  which  the  first  combi- 
nation contains.  This  is  a  fact  of  common  occurrence ;  many  bodies  will  unite 
in  two  or  three  different  proportions,  but  they  are  no  less  definite,  each  being  a 
multiple,  or  a  submultiple,  of  the  preceding ;  that  is,  it  is  double,  triple,  or 
half,  and  so  on.  This  is  well  illustrated  in  the  compounds  of  mercury.  If 
this  brilliant  and  fluid  metal  be  agitated  for  a  long  time  in  contact  with  the 
«ommon  air,  it  will  unite  with  the  oxygen  of  that  mixture,  and  will  be  con- 
verted into  a  black,  insipid,  insoluble  powder,  which  consists  of  200  parts  of 
mercuiy  to  8  of  oxygen.  If  instead  of  oeing  agitated  at  common  temperatures 
with  the  air  it  be  kept  nearly  boiling  in  it,  it  will  be  converted  into  a  red 
shining  mass,  endued  with  an  acrid  metallic  taste,  and  which  is  soluble  in 
water,  and  poisonous.  This  consists  of  200  parts  of  mercury,  and  16  of 
oxygen.  ^  Again,  if  mercury  be  rubbed  in  a  mortar  wiUi  sulphur,  it  unites 
with  a  given  proportion.  If  the  mercurv  be  poured  into  melted  sulphur, 
and  strongly  heated,  a  compound  will  be  formed  which  rises  in  vapour,  and 
concretes  on  cooling  into  a  brilliant  red  substance,  known  as  cinnabar  or 
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vermilion.  In  this  the  quanti^  of  sulphur  is  double  of  that  in  the  preceding 
compound.  Another  compound  of  mercury  is  the  well-known  medicme  called 
calomel,  which  is  formed  by  the  union  of  the  metal  with  a  gas  named  chlorine. 
The  compound  is  heavy,  white,  tasteless,  crystalline,  and  nearly  insoluble  in 
water.  It  may  be  taken  in  doses  of  several  grains  without  any  effect  but  that 
of  a  purgative.  It  is  composed  of  200  parts  of  mercury,  and  36  of  chlorine. 
If,  however,  the  mercury  be  made  to  combine  with  72  parts  of  chlorine,  it 
produces  corrosive  sublimate,  a  semitransparent  white  mass,  of  an  acrid,  nau- 
seous, metallic  taste,  soluble  in  water  ana  alcohol,  and  highly  poisonous.  In 
these  examples,  it  will  be  seen  that  substances  comparatively  inert,  may 
produce  by  their  union  compounds  of  highly  active  properties ;  and  that  a 
compound  of  two  bodies,  which,  in  one  proportion,  if  taken  internally,  will  have 
but  a  slight  effect  upon  the  animal  frame,  if  united  in  a  different  proportion 
will  prove  destructive  to  life.  On  the  other  hand,  highly  active  bodies  of 
opposite  properties  will  also  produce,  by  their  union,  substances  of  a  mild  cha- 
racter, and  they  are  then  said  to  neiUralise  each  other.  Sulphuric  acid,  or  oil 
of  vitriol,  is  highly  corrosive,  and  intensely  sour.  If  brought  into  contact  with 
any  substance  stained  with  vegetable  blue  colours,  as  those  of  violets  or  litmus, 
it  instantly  changes  them  to  a  bright  red,  a  property  which  belongs  to  all  the 
acids.  Barilla,  or  carbonate  of  soda,  is  a  solid  that  is  soluble  in  water,  of  a 
hot,  acrid,  bitter  taste.  It  changes  the  blue  colour  of  vegetables  to  green, 
which  property  ia  common  to  all  alkalies.  If  into  a  solution  of  this  substance 
we  carefully  drop  a  portion  of  the  former,  a  brisk  effervescence  will  ensue,  and 
carbonic  acid  will  be  «ven  off.  If  the  experiment  be  performed  with  care,  and 
the  affusion  of  the  acid  stopped  the  moment  the  effervescence  ceases,  the  solu- 
tion will  be  found  to  be  warm,  and  possessed  of  properties  totally  different 
from  those  of  the  acid  or  alkali  from  which  they  have  been  formed ;  it  will  no 
longer  be  sour,  corrosive,  acrid,  or  hot;  it  will  have  no  action  on  vegetable 
colours,  and  all  the  active  properties  of  the  original  bodies  are  said  to  be  neu- 
tralised. The  compound  is  slightly  bitter,  saline,  and  cooling.  If  part  of  the 
water  be  evaporated  by  heat,  a  solid  wiU  be  deposited  in  regular  crystalline 
forms,  called  sulphate  of  soda,  or  Glauber's  salt.  The  operation  of  affinity, 
which  produces  chemical  composition,  exists  in  a  body  in  different  degrees 
towards  other  bodies  ;  and  if  to  a  compound  of  two  bodies  a  third  be  pre- 
sented which  has  a  stronger  attraction  for  either  of  the  component  parts  tnan 
they  have  for  each  other,  a  decomposition  will  take  place,  and  a  new  compound 
will  result  Carbonate  of  soda  is  composed  of  carbonic  acid  and  soda ;  and  in 
the  experiment  above  referred  to,  it  is  decomposed,  the  sulphuric  acid  uniting 
with  the  soda,  and  the  carbonic  acid  escaping  in  the  e^aseous  state.  In  like 
manner,  if  a  solution  of  carbonate  of  soda  be  boiled  with  caustic  lime,  the  car- 
bonate of  soda  will  be  decomposed,  the  carbonic  acid  will  auit  the  soda  and 
unite  with  the  lime,  forming  carbonate  of  lime  or  chalk,  and  caustic  soda  will 
remain  in  the  solution.  These  affinities  are  conveniently  represented  in  the 
following  diagrams : — 


Carbonate  of  soda 


Carbonate  of  soda 


j  Carbonic  acid. 

j  Soda.  Sulphuric  acid. 

Sulphate  of  soda. 

Soda. 

Carbonic  acid.  Lime. 

Carbonate  of  hxne. 


In  these  diagrams  the  substance  at  bottom  is  the  new  compound,  which  is  pre- 
cipitated, or  thrown  down,  and  that  at  the  top  either  escapes  or  remains  in 
solution ;  this  action  is  called  tingle  elective  (^nity.     If  two  compounds  are 
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broiifflit  together  in  eolutioii,  it  not  unfrequently  happens  that  a  process  of 
double  decomposition  and  composition  occurs ;  that  is,  the  two  ori|^nal  bodies 
are  decomposed,  and  two  new  compounds  produced,  by  a  mutual  mterchange 
of  ingredients  :  this  compound  action  has  been  named  double  elective  cffimiy. 
Decomposition,  which  cannot  be  effected  by  single,  may  by  double  elective 
affinity.  Sugar  of  lead,  or  acetate  of  lead,  is  a  compound  of  acetic  acid  and 
lead.  tVhite  vitriol,  or  sulphate  of  zinc,  is  compounded  of  sulphuric  acid  and 
zinc.  If  in  a  solution  of  acetate  of  lead  we  suspend  a  piece  of  metallic  zinc, 
we  shall  have  an  example  of  single  elective  affinity ;  the  acetic  acid  will  act 
upon  the  zinc,  and  the  lead  will  resume  its  metallic  state,  and  be  precipitated 
on  ^e  zinc  in  a  beautiAil  arborescent  form.  But  if  a  solution  of  acetate  of 
lead  be  mixed  with  a  solution  of  sulphate  of  zinc,  the  acetic  acid  will  unite 
with  the  zinc,  and,  at  the  same  instant,  the  sulphuric  acid  will  combine  with 
the  lead,  forming  an  insoluble  precipitate,  which  will  fall  to  the  bottom  of  the 
vessel  while  the  acetate  of  zinc  remains  in  solution.  The  latter  is  an  instance 
of  double  elective  affinity,  and  may  be  represented  by  the  following  diagram : — 

Acetate  of  zinc. 


(Acetic  acid.  Zinc  \ 

I  Sulphate  of  zinc. 
Lead  Sulphuric  acid,  j 

Sulphate  of  lead* 

Here  the  original  substances  are  placed  on  the  right  and  left  of  the  diagram^ 
while  the  new  compounds  occupy  the  top  and  bottom. 

Having  given  a  eeneral  view  of  the  nature  of  chemical  attraction,  we  shall  next 
proceed  to  sketch  ue  most  important  facts  as  connected  with  this  subject  relative 
to  light,  heat,  and  electricity.  The  phenomena  resulting  from  the  motion  of  light 
will  be  found  in  the  article  Optics;  we  shall,  therefore,  in  the  present  sketch, 
refer  to  the  mechanical  nroperties  of  light  only  so  far  as  is  necessary  to  render  its 
chemical  effects  inteUigible.  When  a  pencil  of  light  is  admitted  through  a  hole  in 
a  window  shutter  into  a  darkened  room,  and  made  to  fall  on  a  triangular  glass 
prism,  it  b  turned  out  of  its  natural  or  straight-lined  direction,  and  prevented 
from  falling  on  the  floor,  where  it  would  produce  a  spot  of  white  light,  instead 
of  which  it  forms  a  spectrum  of  splendid  colours  on  the  wall,  or  on  a  screen 
placed  to  receive  it  rrom  this  circumstance  it  appears  that  light  is  compound 
and  separable  by  means  of  an  inequality  in  the  refrangibility.  In  the  annexed 
dia^m  a  b  represents  a  ray  of  light, 
which  fidling  on  the  prism  e,  is  diverted 
from  its  course,  and  dispersed  into 
colours  occupying  the  space  c  d.  The 
colours,  proceedmg  from  the  bottom, 
are  red,  orange,  yellow,  green,  blue, 
indigo,  and  violet,  according  to  Sir 
Isaac  Newton's  observation ;  but  some 
modem  observers  state  that  there  are 
only  red,  green,  blue,  and  violet,  in 
the  spectrum,  when  it  is  formed  as  it 
should  be,  wi^  a  very  small  pencil  of 
light  The  violet  occupying  the  upper  part  of  the  spectrum,  is  most  diverted 
from  its  course,  and  is  said,  therefore,  to  be  the  most  refrangible.  The  red  is 
the  least  refrangible.  This  effect  is  very  similar  to  that  of  elective  attraction, 
for  the  same  glass  acts  with  different  force  on  different  rays ;  and  this  analogy 
is  extended  by  the  observation  that  different  kinds  of  glass,  as  well  as  other 
substances,  disperse  light  in  different  proportions.  If  these  differently  coloured 
rays  of  light  thus  separated  by  the  pnsm  be  concentrated  on  one  spot  by  means 
of  a  lens,  they  will  reproduce  colouriess  light  If  the  spectrum  produced,  as 
we  have  stated,  be  minutely  examined,  it  will  be  found  to  have  aiff*erent  pro- 
perties in  different  parts.     Thus  the  red  end  will  most  sensibly  aTect  the 
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thermometer ;  the  lightest  green  rays  are  most  illumtnatire,  and  the  violet  end 
produces  the  most  decided  chemical  changes.  If  the  white  Itina  cornea,  the 
muriate  of  silver,  be  moistened  and  exposed  to  the  different  rays  in  the  pris- 
matic spectrum,  it  will  be  found  that  no  effect  is  produced  upon  it  in  ihe  least 
refrangmle  rays,  which  occasion  heat  without  light.  A  slight  discolouration 
will  be  occasioned  by  the  red  rays,  but  the  blackening  power  will  be  greater  in 
the  violet  than  in  any  other  ray ;  and  beyond  the  violet,  in  a  space  perfectly 
dark,  the  effect  was  still  perceptible.  Tlus  observation  shows  that  tnere  are 
rays  more  refrangible  than  those  which  produce  heat  and  light.  Sir  H.  Davy 
found  that  a  mixture  of  chlorine  and  hydrogen  acted  more  rapidly  upon  each 
other,  combining  without  explosion,  when  exposed  to  the  red,  than  when  placed 
in  the  violet  rays ;  but  that  solution  of  chlorine  in  water  became  solution  of 
muriatic  acid  most  rapidly  when  placed  in  the  most  refrangible  rays  of  the 
spectrum.  He  also  observed  that  the  puce-coloured  oxide  of  lead,  when  mois- 
tened, gradually  gained  a  tint  of  red  in  the  least  refrangible  rays,  and 
at  last  became  black,  but  was  not  affected  in  the  most  refrangible.  The 
same  chanee  was  produced  by  exposing  it  to  a  current  of  hydrogen  gas. 

Dr.  WoUaston  round  that  guaiac,  exposed  to  the  violet  rays,  passed  rapidly 
from  yellow  to  green.  MM.  Gav  Lussac  and  Thenard  appued  the  same 
influence  to  a  gaseous  mixture  of  nydro?en  and  chlorine,  when  an  explosion 
immediately  took  place.  By  placing  smidl  bits  of  card,  coated  with  moist  horn 
silver,  or  little  phials  of  those  mixed  gases,  in  diflferent  parts  of  the  spectrum, 
M.  Berard  verined  the  former  observations,  of  the  chemical  power  acquiring  its 
maximum  in  the  violet  ray,  and  existine  even  beyond  it ;  but  he  also  found  by 
leaving  the  tests  a  sufficient  time  in  the  indigo  and  blue  rays,  a  perceptible 
effect  waa  produced  bv  them  also.  He  concentrated  by  a  lens  all  that  portion 
^  the  spectrum  which  extends  from  the  green  to  the  extreme  boundary  of  the 
violet,  and  bv  another  lens  he  collected  the  other  half  of  the  spectrum,  com- 
prehending the  red.  The  latter  formed  a  focus  of  white  light  so  brilliant  diat 
the  eye  could  not  endure  it,  yet  in  two  hours  it  produced  no  sensible  effect  on 
muriate  of  silver.  On  the  contrary,  the  focus  or  the  other  half  of  the  spectrum, 
whose  light  and  heat  were  far  less  intense,  blackened  the  muriate  in  ten  minutes. 
The  sun  beams,  in  traversing  a  coloured  ^lass,  produce  similar  effects.  Thus, 
the  chloride  of  silver  acquires  a  black  tut  behind  a  blue  or  violet  glass,  but 
does  not  blacken  behind  a  red  or  orange  glass.  On  the  other  hand,  it  becomes 
red  behmd  a  red  glass,  and  that  much  more  quickly  than  even  in  the  solar 
spectrum.  With  respect  to  the  light  emitted  by  gases,  even  the  bright  light  of 
olefiant  gas,  when  concentrated  so  as  to  produce  a  sensible  degree  of  heat, 
occasioned  no  change  on  the  colour  of  muriate  of  silver,  nor  on  a  mixture  of 
chlorine  and  hydrogen ;  while  the  light  emitted  by  electrised  charcoal  speedilv 
afieicts  the  muriate,  and  causes  these  gases  to  unite  rapidlvi  and  sometimes  with 
explosion.  Su  H.  Davy  haa  remarked,  that  the  refraction  and  effects  of  the 
solar  beam  offer  an  analogy  to  the  agencies  of  dectrieity.  In  the  voltaic 
chrcuit,  the  maximum  of  heat  seems  to  be  at  the  positive  pole,  where  the 
power  of  combining  with  oxygen  is  given  to  bodies,  and  the  aeency  of  rendering 
bodies  inflammable  ii  exerted  at  the  opposite  surface ;  and  similar  chemicu 
effects  are  produced  by  negative  electricity,  and  by  the  most  refrangible  rays  of 
atte  solar  beam.  In  general,  in  nature,  the  effects  of  the  solar  ravs  are  very 
compounded.  Healthy  vegetation  depends  upon  the  presence  of  the  solar 
beams,  or  of  light;  and  whilst  the  heat  gives  fluiditv  and  n^obility  to  the 
vegetable  juices,  diemical  effects  likewise  are  occasioned— oxygen  is  separated 
ftom  them,  and  inflammable  compounds  formed.  Plants  deprived  of  light 
become  white,  and  contain  an  excess  of  saccharine  and  aqueous  particles,  and 
flowers  owe  ^e  variety  of  their  hues  to  the  influence  of  the  solar  oeams.  Even 
animds  require  the  presence  of  the  ravs  of  the  sun,  and  their  colours  seem 
materially  to  depend  upon  the  chemical  mfluence  of  these  rays ;  a  comparison 
between  the  polar  and  tropical  animals,  and  between  the  parts  of  their  bodies 
exposed,  and  those  not  exposed  to  light,  shows  the  correctness  of  this  opinion. 
Light  is  produced  in  several  natural  operations,  most  of  which  may  be  con- 
sidered in  this  place.     If  two  pieces  of  quartz  be  rubbed  together,  light  is 
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produced  even  under  water.  Atmonbaric  air,  or  oxygen,  quickly  and  violent]/ 
'MMnpressed  in  a  glasi  syringe,  or  a  giast  ball  filled  wiSi  the  latter,  and  loddenly 
broken  in  vacuo^  produces  light.  Light  accompanies  intense  heat  Air  heated 
up  to  900O  Fahr.  and  made  to  fidl  on  pieces  of  metal,  earth,  &e.  communicates 
to  them  the  power  of  radiating  light  The  flame  exhibited  in  the  bumiitf  of 
charcoal  and  phosphorus  is  merely  the  ignition  of  the  solid  particles  of  tSese 
bodies.  At  a  certain  elevation  of  temperature,  about  800^  of  Fahr.,  all  solid 
bodies  begin  to  give  out  light,  and  the  same  effect  is  produced  in  vacuo  by 
transmitting  voltaic  electricity  through  a  metallic  wire.  The  phosphorescence 
of  minerak  is  another  source  of  light  If  fluor  spar  be  coarsely  pounded  and 
placed  upon  a  mass  of  iron  heated  below  redness,  it  will  give  out  a  beautiful 
green  lignt ;  this  property  is  possessed  b^  quarti,  topai,  phosphate  of  lime,  and 
a  variety  of  other  minerals.  There  is  also  a  class  of  bodies  called  solar 
phosphoric,  wliich  emit  light  upon  exposure  to  anv  highly  luminous  body ;  the 
most  powerful  of  these  is  a  compound  discovered  oy  Canton.  If  three  parts  of 
calcined  oyster  shells  in  powder  are  mixed  with  one  of  flour  of  sulphur,  and 
the  mixture  rammed  into  a  crucible,  and  ignited  for  half  an  hour,  we  shall  find 
that  the  bright  parts,  on  exposure  to  the  sun-beam,  or  to  the  common  daylight, 
or  to  an  electric  explosion,  will  acquire  the  faculty  of  shining  in  the  dark  so  as 
to  render  visible  the  figures  on  the  dial-plate  of  a  watch.  After  a  while  they 
will  cease  to  shine ;  but  if  the  powder  be  kept  in  a  well  corked  phial,  a  new 
exposure  to  the  sun-beam  will  restore  the  luminescence.  When  an  electric 
diachaige  is  transmitted  along  the  surfaces  of  certain  bodies,  a  somewhat  durable 
phosphorescence  is  occasionKl ;  thus — 

Sulphate  of  barytes  gives  a  bright  green  li^ht. 

Acetate  of  potash     .    .    .  brilliant  green  bght 

Succinic  acid ditto,  more  dursble. 

Loaf  sugar ditto. 

Selenite ditto,  but  transient. 

Rock  crystal red,  and  then  white. 

Quarts dull  white  light 

Borax faint  green  heht 

Borado  acid bright  green  fight 

Canton's  pyrophorous  produces  more  light  by  this  treatment  than  any  other 
bod]^i  but  neany  ever^  native  mineral,  excejpt  metallic  ores  and  metals,  become 
luminous  by  an  electric  explosion.  Light  is  also  emitted  in  certain  chemical 
changes^  where  no  sensible  heat  u  perceived.  Marine  animals,  both  living  and 
dead,  emit  light ;  as  the  shell  fish  called  phoias^  the  medusa  okotphorea,  and 
other  molluscae.  When  deprived  of  life,  marine  fishes  in  general  seem  to  abound 
in  this  kind  of  light ;  among  insects,  also,  several  species  Qffidgora,  or  lantern- 
fly,  and  of  lampyriSf  or  glow-worm.  Rotten  wood  and  peat  earth  also  emit  light 
copiously.  This  luminous  matter  may  be  separated  from  the  bodies  of  animals 
by  immersing  them  for  a  short  time  in  dilute  saline  solutions;  one  part  of 
sulphate  of  magnesia  in  eight  of  water  is  the  most  convenient  menstruum  for 
this  purpose.  Fresh  water,  spirit  of  wine,  and  dilute  acids,  destroy  the  luminous 
property  altogether,  while  a  gentle  heat,  and  oxygen  gas,  increase  the  brightness 
of  the  phosphorescence. 

The  next  important  agent  in  chemical  investigations  is  heai.  Many  chemists 
have  considered  heat  or  caloric  as  a  material  suMtanoe,  capable  of  entering  into 
combination  with  all  other  kinds  of  matter ;  but  recent  investigations  seem  to 
put  it  and  light  upon  the  same  ground,  and  show  them  to  be  but  certain  states 
of  matter,  brought  about  by  the  undulations  of  an  exceedingly  subtile  ether, 
which  is  considered  to  fill  ul  the  space  in  the  universe  not  occupied  by  other 
matter.  Heat  appears  to  be  an  antagonist  principle  to  attraction ;  while  thd 
latter  binds  togetner,  the  former  tends  to  separate,  the  parts  of  bodies,  first 
expanding  them,  then  reducing  them  to  the  liquid  state,  and  finally  to  that 
of  gas  or  vapour.  Sometimes  it  decomposes  a  body,  separating  it  into  its 
proximate  or  ultimate  elements :  so  powerful,  indeed,  is  heat,  as  a  repulsive 
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agent,  that  there  can  be  no  doubt  that,  if  the  temperature  of  the  flobe  were 
sufficiently  increased,  e?ery  folid  man  on  its  surface  would  become  Equid,  and 
evety  liquid  assume  the  state  of  vapour.  We  have  an  iUuslxation  of  this  con- 
sequence in  the  different  states  of  the  same  body  on  different  parts  of  the  earth's 
surface.  Thus  some  bodies,  as  butter,  oil,  water,  &c.  which  eidst  only  as  solids 
at  the  poles  of  the  earth,  are  perfectly  liquid  at  the  eauator.  Ether,  which  Is 
a  liquid  in  this  latitude,  can  only  exist  as  a  vapour  in  the  torrid  regions  of  the 
earth.  Mercury  also,  which  we  see  always  in  the  liquid  state,  may,  by 
exposure  to  the  intense  cold  of  a  northern  sky,  be  converted  into  a  solid 
metal  like  lead.  The  most  immediate  and  general  effect  of  heat  is  expansion. 
If  a  poker  or  an  iron  ball  be  placed  in  a  fire,  it  becomes  heated,  and  assumes  that 
state  which  is  called  ignition ;  at  which  time  its  temperature  is  nearly  equal  to 
that  of  the  surrounding  ftiel.  In  like  manner,  if  a  cup  of  cold  water  be  placed 
within  a  vessel  of  hot  water,  the  two  speedily  become  of  the  same  teoiperature, 
the  one  giving  out  caloric,  and  thn  other  receiving  it  If  now  either  of  these 
bodies  that  have  changed  their  temperature  be  examined,  it  will  be  found  to  have 
changed  its  bulk  also.  This  expansion  of  bodies  by  heat,  and  their  consequent 
contraction  by  cold,  are  facts  of  the  highest  importance  in  the  arts.  Tlie  amount 
of  expansion  in  different  substances  by  a  known  increase  of  temperature,  haa 
thereiore  been  carefully  studied,  and  a  variety  of  results,  more  or  less  accurate, 
have  been  obtained  by  different  experimentdists.  The  property  of  expansion 
by  heat,  and  contraction  by  cold,  appears  to  belong  to  nearly  all  bodies  upon 
which  experiments  have  been  made;  at  least  in  that  class  of  bodies  which  com- 
pose the  mineral  kingdom,  for  among  vegetables  the  effects  of  heat  are  so 
mixed  with  other  effects,  that  it  is  difficult  to  distinguish  them.  Some  minerals, 
too,  as  clay,  and  several  metallic  substances,  have  been  considered  as  excep- 
tions to  the  general  law ;  but  a  more  minute  investigation  has  shown  that  they 
are  only  apparent  Clay  contracts  in  consequence  of  the  expulsion  of  mois- 
ture, and  tne  incipient  fusion  that  occurs ;  and  some  of  the  metals,  as  iron, 
bismuth,  antimony,  in  fusion,  expand  in  the  act  of  setting  or  solidifying,  but 
afterwards  contract  as  they  cool  The  force  with  which  bodies  expand  is  so 
great  as  to  overcome  every  resistance  that  is  opposed  to  it.  The  general  fact 
of  the  expansion  of  solid  bodies  by  heat  may  be 
seen  by  taking  a  metal  cylinder  a  b  that  will  just 
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fit  into  a  gauge  e  d,  and  pass  through  a  circular 
hole  e  when  cold.  When  made  red  hot,  it  will 
be  found  so  much  enlarged  as  to  be  incapable  of 
passing  through  the  hole,  or  fitting  into  the 
gauge,  thus  proving  that  it  has  been  enlarged  in 
all  Its  dimensions.  The  cubic  or  solid  expan- 
sion is  always  three  times  greater  than  the 
linear.  For  example,  if  the  expansion  of  a  rod 
of  steel  be  one-tenth  of  its  length,  the  whole 
expansion  will  be  three-tenths  of  its  bulk.  The 
expansion  of  liquids  may  be  made  evident  by  filling  a  Florence  flask,  or  any 
bottle  with  a  narrow  neck,  with  cold  water,  and  then  applying  heat  to  it ;  tlie 
fluid  wiU  soon  be  observed  to  flow  over  the  mouth  of  the  bottle  in  consequence 
of  its  increased  bulk.  This  fact  is  also  familiarly  illustrated  by  means  of  an 
ordinary  tea-kettle,  which,  if  it  be  quite  filled  with  cold  water,  will  be  unable  to 
contain  the  increased  bulk  occasioned  by  heat,  and  will  consequently  dischai^ 
a  portion  of  its  contents  over  the  hearth  long  before  the  water  reaches  its 
boiling  point.  The  expansion  of  air  may  be  shown  by  a  similar  apparatus.  If 
the  flask  full  of  air  be  inverted  with  its  mouth  under  water,  and  the  flame  of 
a  lamp  or  candle  be  applied  to  it,  the  air  will  be  expanded,  and  will  be  seen 
escapme  fipom  the  mouth  of  the  flask  in  larj^  bubbles.  If  the  flame  be 
removed,  the  air  will  cool,  gradually  contract  its  dimensions,  and  the  water 
will  rush  up  into  the  vessel  to  fill  the  space  vacated  by  the  air.  The  expansion 
of  solid  bodies  is  ascertained  by  what  is  called  a  pyrometer,  for  the  construction 
of  which  see  its  name.  The  most  general  facts  connected  with  expansion  are 
as  follows : — 1.  Nearly  all  solids,  liquids,  and  gases,  are  expanded  by  heat,  and 
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contracted  by  cold ;  and  of  these,  the  gaaes  are  most  expansible,  and  solid 
bodies  least  2.  Different  solids  and  liquids  are  differently  expanded  by  the 
same  dc^e  of  heat,  but  gases  and  Tapours  are  equally  and  equably  expanded 
by  equafportions  of  heat  3.  In  the  same  body,  whether  solid  or  liquid,  the 
expansion  by  a  given  quantity  of  heat,  is  greater  at  higher  than  at  lower  tem- 
peratures ;  but  in  gases  and  vapours,  the  expansions  arc  equal,  by  equal  addi- 
tions of  heat  at  all  temperatures.  4.  The  expansion  of  atmospheric  air,  gaaes» 
and  vapours,  not  in  contact  with  the  liquids  from  which  they  nave  been  gene- 
rated, is  equal  to  one  four  hundred  and  eightieth  part  of  the  bulk  they  occupy  at 
32^  of  Fimrenheit's  thermometer.  The  aosolute  dilatation  in  length  of  several 
of  the  most  generally  used  substances,  is  shown  in  the  following  table : — 


Glass  tube 


1 

•      •      •      1148 

Flatina — 

1131 

_i^ 

'      *      *        846 

*    '    '     9m 
1 


Iron 
Steel 
Gold 


1 
ass 


Brass 

Silver 
Tin 
Lead 
Zinc  . 


J 
oai 

as4 

481 

J_ 

351 
1 


Copper 

Glass  from  32o  to  212o  of  the  thermometer 

Ditto    212  to  392 

Ditto    392  lo  572 


1 

118 
1 

1868 
1 


Alcohol 

Nitric  acid  (sp.  gr.  1.4)    . 

Fixed  oils 

Oil  of  furpentine  .  .  . 
Sulphuric  ether  .  .  . 
Sulphuric  acid  (sp.  gr.  1 .  85) 


Expansion  of 
2^ 

g 

i_ 

0 

It 
1 

14 
J_ 

14 
1 

17 


Uqmdt  m  buik. 
Muriatic  acid  (sp.gr.  1.137) 
Water  saturated  with  salt 

Water 1 

ss 

Mercury 

Apparent    expansion    of 
mercury  in  glass  .    .    . 


I 

I 


u 


8t 


One  of  the  most  important  applications  of  the  expansibility  of  liquids,  is  in 
the  construction  of  the  thermometer,  which  consists  essentially  of  a  closed  tube^ 
containing  a  liquid,  the  expansion  of  which  can  be  conveniently  observed.  To 
construct  a  thermometer,  a  glass  tube  of  very  small  bore  is  usually  taken,  and 
a  bulb,  globular,  cylindrical,  or  conical,  is  blown  at  one  end,  which  bulb  and 
part  of  Sie  tube  are  then  filled  with  perfectly  pore  mercury.  The  tube  must 
then  be  hermetically  sealed  by  melting  the  top  by  means  of  a  blow-pipe  flame. 
Previous  to  closing  the  top,  however,  the  mercury  must  be  exposed  to  heat  so 
as  to  completely  wl  the  tube ;  and  while  the  tube  is  full,  the  sealing  must  be 
effected.  When  the  mercury  cools,  the  surface  will  subside,  and  a  vacuum  will 
be  left  in  the  upper  part  of  the  tube.  The  thermometer  is  then  complete^ 
except  its  graduation ;  tnis  is  accomplished  as  follows : — ^The  bulb  is  to  be  plunged 
into  snow  or  ice  that  is  just  melting,  and  a  mark  made  on  the  tube  at  tne  point 
at  which  the  mercury  stands ;  this  is  called  ihefreezmapomt;  and  in  the  thermo- 
meters common  in  this  country,  called  Fahrenheit's  (nrom  the  inventor's  name)» 
it  is  marked  32o.  The  tube  must  next  be  placed  in  boiling  water,  or  its  steam, 
in  such  a  way  that  the  whole  of  the  mercury  may  be  exposed  to  heat  When 
the  mercury  has  risen  and  is  stationary,  another  mark  must  be  made ;  this 
'  denotes  the  boiling  poini  of  water,  and  is  marked  21 2^.  The  space  between 
the  boiling  and  freezing  points  must  next  be  divided  into  180  equal  parts,  and 
the  graduation  is  compete.  In  the  centigrade  thermometer  used  in  France, 
the  neexing  point  is  marked  Qo,  and  the  boiling  point  lOO^,  the  intervals  being 
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divided  into  100  equal  parts  or  degrees.  One  degree  of  Fahrenheit  is  there- 
fore equal  to  four-ninths  of  the  centigrade ;  and  one  of  the  centigrade  to  nine- 
fourths,  or  2io  Fahrenheit.  This  is  hut  a  brief  and  genersJ  view.  For  further 
information,  see  TniRMOMiTia. 

It  has  been  akeady  stated  that  fluidity  is  the  result  of  heat  Eveiy  solid 
may  he  liquefied ;  and  many  of  them,  as  well  as  liquids,  may  be  vaponaed  at 
a  certain  elevation  of  temperature :  and  there  can  be  Uttle  doubt  that  every 
known  liquid  may  be  solidified  if  we  possessed  the  means  of  suffidenUy 
reducine  the  temperature.  Several  of  the  gases,  by  the  united  operation  of 
cold  and  pressure,  nave  already  been  reduced  to  the  fluid  state,  and  nearly  eveiy 
known  liquid  mav  be  frozen.  The  temperature  at  which  a  solid  body  assumes  the 
liquid  state  is  called  its  fusing  or  melting  point.  If  the  substance  be  ordinarily 
in  the  liquid  state,  this  point  will  be  its  freezing,  concreting,  or  congealing  point. 
The  concreting  or  congealing  temperatures  of  various  substances  will  be  round 
in  the  following  table : — 

D«t.  ,  ,  Deg. 


Sulphuric  ether  .....  46 

Liquid  ammonia     ....  46 

Nitric  acid  (sp.  gr.  1.424)     .  45.5 

Ditto       (8p.gr.  1.329)      .  2.4 
Sulphuric  acia  (sp.  gr.  1 .8376)      1 

Common  salt  25  +  water  75  .  4 
Ditto           22.2  + ditto  77.8.      7.2 

Oil  of  turpentine    ....  14 

Strong  wines 20 

Blood 25 

Common  salt  4.1 6  i  watei9.584  27.5 

Milk 30 

Water 32 

Olive  oil 36 


Sulph.  and  phos.,  equal  parts  40 
Sulphuric  acid  (sp.  gr.  1.78)  .  46 
Tallow       .......     92 

Phosphorus 108 

Spermaceti 112 

Potassium 136.4 

Yellow  wax 142 

White  wax 155 

Sodium 194 

Sulphur 218 

Tm       442 

Bismuth 476 

Lead 612 

Zinc 680 


The  temperature  at  which  bodies  melt  is  fixed,  but  the  congealing  point  is 
modified  by  circumstances.  Many  liquids  may  be  cooled  considerably  below 
their  usual  freezing  points,  before  they  assume  the  solid  state.  This  is  the  case 
with  water,  which'  may  be  cooled  IQ^,  or  even  20<>  below  its  congealing  point 
without  fireezing ;  but  if  a  small  spicula  of  ice  be  dropped  into  it,  or  the  water 
caused  to  vibrate,  it  will  instantly  solidify.  The  same  phenomena  occur  wi^ 
saline  solutions.  A  hot  saturated  solution  of  sulphate  of  soda  may  be  cooled 
to  50*  under  Jt  film  of  oil,  and  it  will  remain  liquid,  and  bear  to  be  moved 
about  in  the  hand  without  any  change ;  but  if  the  vessel  containing  it  be  placed 
on  a  vibrating  table,  crystallization  wiU  instantly  take  place.  One  remarkable 
fact  attends  Uie  cooling  of  bodies  below  their  usual  freezing  point ;  viz.  at  the 
instant  solidification  occurs,  the  temperature  of  the  mass  rises  to  the  proper 
freezing  point  Thus,  if  a  portion  of  water  be  placed  in  an  atmosphere  of  21^, 
tiie  liquid  will  cool  and  remain  fluid  at  this  temperature,  till,  by  touching  it 
with  a  piece  of  ice,  or  causing  it  to  vibrate,  we  make  it  freeze,  when  it  instantly 
rises  to  32^,  or  ll®  above  the  surrounding  medium.  This  curious  fact  was  first 
explained  by  Dr.  Black,  and  gave  rise  to  the  knowledge  of  the  latent  heat  or 
caloric  of  fluidity  of  bodies.  Dr.  Black  suspended  two  glass  globes,  of  the  same 
size,  near  each  other ;  the  one  filled  with  ice  at  32^,  the  other  with  water  at 
330 :  in  half  an  hour  the  water  had  risen  to  40^,  but  it  took  ten  hours  and  a 
half  to  liquefy  tiie  ice,  and  heat  the  resulting  temperature  to  40<>.  In  this 
experiment  we  observe  that  7^  of  beat  entered  the  globe  in  1  half-hour,  but 
21  hdf-hours  were  required  to  melt  the  ice  and  raise  its  temperature  to  40^. 
If  from  the  product  7  X  lU=147o,  we  subtract  7®,  which  the  water  was  above 
330,  we  have  140^  as  the  measure  of  a  quantity  of  heat  that  has  entered  the  sub- 
stance without  being  appreciable  by  the  thermometer.  Another  simple  experi- 
ment,* showing  the  same  result,  is  made  by  mixing  a  pound  of  pulverizea  ice 
at  32o,  with  a  pound  of  water  heated  to  172P;  the  ice  is  instantly  melted,  but 
the  temperature  is  only  32o.  Here,  then,  1 40*  of  heat  have  disappeared  with- 
out raising  the  temperature.    From  this  circumstance,  the  quantity  of  heat  that 
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always  disappears  when  a  body  assumes  a  fluid  state,  it  called  laieni  hea^  or 
calorio  of  fluidity.  The  ktent  neat  of  different  suhstanoes  varies,  as  may  he 
seen  in  the  following  table  by  Dr.  Irvine  :^ 


Zinc 493 

Tin 500 

Bismuth 550 


Sulphur 143.68 

Spermaceti 145 

Lead 162 

Bees*  wax 175 

« 

The  quantity  of  heat  that  disappears  in  the  liquefaction  of  solids,  explains  the 
origin  of  that  cold  which  always  accompanies  solution,  and  enables  us  to  apply 
the  process  of  artificial  cooling  by  what  are  termed  freezing  mixtures.  Snow 
and  salt,  when  rapidly  mixed,  dissolve  and  produce  a  reduction  of  temperature 
equal  to  38<>.  The  more  rapid  the  liquefaction  the  greater  the  cold ;  hence,  if 
the  snow  and  salt  be  placed  in  a  pan  over  the  fire,  and  a  glass  tube  containing 
water  be  immersed  in  it,  the  water  in  a  few  seconds  will  be  found  frozen.  The 
solution  of  all  crystallized  salts  is  attended  with  a  depression  of  temperature, 
which  in  general  increases  with  the  solubility  of  the  salt ;  the  like  occurs  with 
certain  metals.  If  a  solid  amalgam  of  bismuth  be  mingled  with  a  solid  amalgam 
of  lead,  they  become  fluid,  and  the  thermometer  sinks.  A  variety  of  experiments 
have  been  made  on  the  frigorific  eflects  of  difierent  mixtures,  some  of  which 
are  stated  in  the  following  table,  abridged  from  Mr.  Walker's  Expermenta  on 
Frigorific  Afixturei, 

1.  Frigorific  Mixtures  without  Ice, 


Mixtaret. 

Parti. 

Thennoaietcr  sinks.               1  of  culd 

prodncvtl 

Muriate  of  ammonia    . 
Nitrate  of  potash     .     . 
Water 

5 
5 
16 

From  50o  to  10.. 

40 

Sulphate  of  soda      .     . 
Diluted  nitric  acid   .     . 

3 
2 

Fiom  50  to  3. 

53 

Nitrate  of  ammonia     . 
Water 

1 

1 

From  60  to  4. 

46 

Sulphate  of  soda .     .     . 
Diluted  sulphuric  acid  • 

5 
4 

From  50  to  3. 

47 

2.  Frigorific  Mixtures  with  lee. 

Snow  or  pounded  ice    . 
Muriate  of  soda  .... 

2 

1 

From  any  temperature  to  5. 

62 
72 
53 

Snow    ••.•-•• 

7 
4 

From  32  to  30. 

Diluted  nitric  acid 

»         •         < 

Snow    .... 
Muriate  of  lime  .     . 

4 
5 

From  32  to  40. 

Snow     ..... 

2 
3 

From  15  to  68. 

Muriate  of  lime  .     . 

Snow 

8 

10 

1 

From  68  to  91. 

23 

Diluted  sulphuric  ac 

id.     . 

Similar  phenomena  to  those  that  take  place  in  liquefaction,  occur  in  vapor- 
izing any  nquid.     If  a  vessel  of  water  be  placed  over  the  fire,  a  sound  is  pro- 
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duced  by  the  successive  vaporization  and  condensation  of  the  particles  in 
contact  with  the  bottom  of  the  vessel  As  the  liquid  increases  in  heat,  the 
sound  becomes  louder  till  it  terminates  in  ebullition.  At  this  point  the  tem- 
perature ceases  to  rise,  and  remains  stationary  till  the  whole  of  the  liquid  is 
evaporated.     To  ascertain  the  quantity  of  heat  consumed  in  vapourizing  a 

fiven  quantity  of  water,  Dr.  Black  set  a  tin  cup  full  of  water  at  50*  on  a  red 
ot  iron  plate ;  in  4  minutes  it  reached  the  boiling  point,  and  in  20  minutes 
more  it  was  all  boiled  off.  From  50«  to  212*  the  rise  is  162o,  which  was  gained 
in  4  minutes ;  but  it  took  five  times  as  long  to  be  converted  into  vapour;  hence 
162  X  5=810*  is  the  quantity  of  heat  that  disappears,  or  is  rendered  latent  in 
the  conversion  of  water  into  steam.  By  subsequent  experiments,  the  latent 
heat  of  steam  is  found  to  be  967^  or  1 ,000*.  The  point  at  which  liquids  emit 
vapour  of  equal  tension  with  the  atmosphere,  which  is  their  true  boiling  pointy 
differs  in  different  liquids,  as  may  be  seen  in  the  following  table : — 

Boiling  polnU. 

Ether  (spec.  grav.  0.7365,  at  48") 100 

Alcohol  (spec  grav.  0.813) 173.5 

Nitric  acid  (spec.  grav.  1.500) 210 

Water 212 

Saturated  solution  of  sea  salt 224 

Muriatic  acid  (spec.  grav.  1.094) 232 

Ditto  (spec.  grav.  1.16) 220 

Oil  of  turpentine 316 

Sulphuric  acid  (spec.  grav.  1 .3) 240 

Ditto  (spec.  grav.  1.848) 600 

Phosphorus 554 

Sulphur       570 

Linseed  oil       640 

Mercury 656 

The  boilinfi;  point  of  the  same  liquid  varies  with  the  atmospheric  pressure,  and 
also  with  tne  vessel  the  liquid  is  boiled  in.  Thus,  in  silver,  the  boiling  point 
was  found  to  be  21 1.775*,  m  common  earthenware,  213.8*,  at  the  mean  pressure 
of  the  atmosphere.  If  the  whole  of  the  pressure  be  removed,  liquors  will  boil 
and  assume  the  vaporous  state  at  124*  below  their  ordinary  boiling  points. 
Tlius  water  will  boil  in  vacuo  at  88*,  instead  of  212* ;  and  alcohol,  at  49*.  On 
this  principle  Dr.  Wollaston  constructed  his  thermometric  barometer,  for  mea- 
suring heights.  He  foimd  that  a  difference  of  1*  in  the  boiling  point  of  water 
is  occasioned  by  a  difference  of  pressure  equal  to  0.589  of  an  inch  on  the 
barometer.  If  water  be  heated  in  a  dose  vessel,  or  under  extraordinary  pres- 
sure, its  temperature  may  considerably  exceed  2129 ;  and  as  Uie  steam  will  be 
always  of  the  same  temperature  as  the  liouid,  and  will  have  its  elasticity 
increased  by  heat,  the  vapour  produced  win  considerably  exceed  the  atmo- 
sphere in  elasticity,  giving  rise  to  what  is  called  high  pressure  steam.  At  the 
freezing  point  of  water,  toe  vapour  that  rises  will  have  sufficient  elasticity  to 
balance  two-tenths  of  an  inch  of  mercury  in  the  barometer;  at  212*  it  equals 
the  atmospheric  pressure  (about  30  inches).  Its  elasticity  at  some  other  tem- 
peratures IS  stated  in  the  following  table : — 

Tcmperatare.  PreH«re. 

40 0.25  inches. 

80 l.Ol 

100 1.86 

135 5.07 

170 12.05 

205 25.00 

212 30.00  =  1  atmosphere. 

248 60.00  =2       ditto. 

273 90.00  =3       ditto. 

290  ...*....  120.00=4       ditto. 

305  .     .                    .     .    V  150.56=5       ditto. 
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A  ^t  of  wattr  at  40,  on  bdng  contrcrted  into  itemni,  foniu  1,694  p 
in  rouDd  nuinben,  1  cubic  inch  of  water  will  fonn  1,728  ineliai,  or  : 
foot  of  (teun.  We  hare  already  olMerTed  tkat  the  latent  heat  of  Mean  i 
1,000°.  Thij  may  be  a«c«Ttained  b;  evipaaliiig  a  giTeti  weight  of  wai 
condeniing  it  into  a  known  weiihl  ^ 

of  cold  water.  This  may  be  ilTu*- 
traled  bj  an  apparttu*  limilar  to 
the  annexed  cut.  A  given  weight 
of  water  may  be  evaporated  from 
the  veaiel  a,  the  vapour  of  which 


will  be  found  that  the  ateam  will 
Taiie   the    temperature    of    the 

more  than  an  equal  weight  of 
boiling  water  would  do.  By  ex- 
perimenting in  this  manner,  Dr. 
Ure  has  aacertained  the  latent 
heat  of  Mveral  vapours,  as  in  the  annexed  table  ;— 

Vapour  of  water  at  its  boiling  point . 
„  alcohol  (spec  grav.  825)  . 
„        ether  (boiuDg  pmnt  112) 


312.9 
183.8 
183.8 


„        nitric  acia  (spec  grav.  1.194)     .    .      .... 

„        liquid  ammonia  (ipec.  grav.  0.978) .      B66j9 
„         vinegar  (spec.  grav.  1.007)      .     .     .       903 

From  the  above  table  it  will  be  leen  that  different   bodiei  re<]uire   different 

rintides  of  heat  to  enable  them  to  aanime  the  vaporous  state.  An  analogous 
t  is,  that  different  bodies  require  very  different  quantities  of  heat  to  elevate 
their  temperatures  a  given  number  of  degrees.  If  a  pound  of  water  at  60>  be 
mixed  with  a  pound  of  oil  at  90*,  the  resulting  temperature  will  be  70*  instead 
of  the  mean  75,.  And  conversely,  if  a  pound  of  water  at  90*  be  mixed  with 
a  pound  of  oil  at  60°,  the  temperature  of  the  mixture  will  be  80»  In  the  first 
experiment  we  see  that  the  oil  lost  20*,  while  the  water  only  acquired  10* ;  and 
in  the  second  the  oil  ^ned  20*,  while  the  water  loat  only  10*.  Hence  the 
apecific  heat  of  water  :s  double  that  of  oil;  or  the  same  quantity  of  heat  that 
wiH  raise  the  temperature  of  oil  20*,  wiU  only  raise  that  of  water  10*.  The 
same  fact  mav  be  shown  by  placing  mercury,  oil,  and  water,  in  an  oven;  the 
mercury  will  be  first  heated,  next  the  oil,  and  lasdy,  the  water.  An  important 
practical  illustration  of  the  doctrine  of  specific  heat  is  afforded  by  atmoapheric 
Btr.  The  specific  heat  of  air  diminishes  more  slowly  than  its  specific  gravity. 
When  air  ii  expanded  to  a  quadruple  volume,  its  specific  heat  is  0.540 ;  and 
when  expanded  to  eight  times  the  volume,  its  specific  heat  is  0.36S.  The  den- 
sities 1,  {,  1,  I,  correspond  nearly  to  the  specific  heats  5,  4,  3,  2.  Hence  may 
be  explained  the  intense  cold  that  prevails  at  the  tops  of  high  mountains,  and 
also  the  great  heat  developed  in  the  eompresdon  of  gases.  A  compression 
equal  to  four-fifth*  u  sufficient  to  ignite  tinder ;  and  if  a  syringe  of  glass  be 
used,  a  vivid  flash  of  light  is  seen  to  accompany  the  compression. 

We  have  now  allud^  to  most  of  the  phenomena  of  heat  that  may  be  useflil 
in  chemical  investigations,  except  those  which  relate  to  the  conduction  and 
radiation,  which  we  shall  briefly  Ulustrate. 

It  is  well  known  that  if  a  bu-  of  iron,  a*  a  poker,  he  placed  in  the  fire,  the 
heat  will  in  time  be  communicated  to  its  remote  end.  It  is  also  a  matter  of 
common  observation,  that  a  hot  mass  of  iron,  or  a  vessel  of  hot  liquid  iu>- 


of  the  surrounding  medium. 


e  suppose  a 
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be  placed  on  a  metallic  pillar  or  lupport,  in  a  still  room,  we  shall  find  that  it 
will  lose  its  heat  in  three  distinct  ways.  1.  If  the  metallic  support  be  felt,  it 
will  be  found  to  be  hot»  and  we  may  consequently  infer  that  a  portion  of  the 
heat  has  been  conducted  away  by  its  means.  2.  If  the  hand  be  held  over  the 
hot  body,  considerably  above  it,  a  current  of  hot  air  will  be  perceived,  which 
must  convey  another  portion  of  caloric  from  the  hot  body.  3.  If  the  hand  be 
held  at  some  distance  from  the  side  of  the  body,  a  distinct  sensation  of  heat  will 
be  experienced ;  and  as  thu  occurs  when  the  hot  body  is  inclosed  in  a  vessel 
exhausted  of  its  air,  it  is  manifestly  a  different  mode  of  cooling  from  the  other 
two :  in  fact,  a  variety  of  experiments  render  it  evident  that  the  heat  is  pro- 
jected from  the  hot  body  in  right  lines  on  every  side.  In  the  first  of  tnese 
modes  of  cooling,  the  heat  is  conducted  slowly  alon^  the  iron  bar,  which  is 
denominated  a  conductor ;  and  the  process  is  called  the  conducUon  ofheaL 
In  the  second,  the  heat  unites  with  the  particles  of  air,  and  renders  diem  speci- 
fically lighter,  in  consequence  of  which  they  ascend,  and  another  stratum  of 
cooler  particles  descend  uid  occupy  their  place ;  these  in  their  turn  become 
expanded  and  rise,  and  thus  a  constant  ascending  current  is  maintained. 
Caloric,  therefore,  is  conducted  from  bodies  in  two  ways ;  it  either  imparts  heat 
to  the  adjacent  particles,  which  impart  it  to  the  next,  and  so  on,  wi^out  change 
of  place,  or  it  unites  with  the  a^jacent  partides  of  the  surrounding  medium, 
and  is  conveyed  upwards  by  the  increased  levity  which  it  occasions.  The  third 
method  of  cooling  in  which  the  caloric  is  projected  from  the  body  in  right 
lines,  is  called  the  radiation  of  caloric.  The  communication  of  heat  by  con- 
tact is  manifest  in  solids  and  liquids,  althous^h  in  the  latter  it  is  chiefly  propa- 
gated by  the  ascent  of  heated  particles.  If  different  solids  be  taken,  ana  have 
one  end  exposed  to  a  hieh  temperature,  one  of  them  will  become  heated  in  a 
shorter  time  than  another.  Thus,  if  a  piece  of  copper  or  iron  wire,  3  or  4 
inches  lon^,  be  held  in  the  hand  by  one  end,  while  a  spirit  lamp  is  applied  to 
the  other,  it  will  soon  become  so  hot  as  to  be  intolerable ;  while  a  glass  tube,  in 
similar  circumstances,  may  be  held  within  an  inch  of  the  flame  with  little 
inconvenience.  The  difference  in  the  facility  with  which  heat  is  transmitted 
through  bodies,  will  appear  from  ther  following  table  :— 

Coadoctliig  power.  CoDdootiiif  power* 


Gold 100 

Platinum    ....    98 

saver 97 

Copper 89 

Iron 37 

Zinc 36 


Tin 30 

Lead 18 

Marble 2.5 

Porcelain     ....  1.25 

Brick  eardi      «    •    .  1 


From  this  table  it  appears  that  the  metals  are  the  best  conductors  of  heat, 
though  even  among  them  there  are  striking  differences.  The  different  kinds 
of  wood  have  very  little  conducting^  power,  and  hence  are  well  adapted  for 
handles  to  vessels  that  are  exposed  to  heat  Bodies  of  a  porous  or  spongy 
nature,  especially  fibrous  substances,  as  wool,  silk,  feathers,  fir,  &c  are  the  worst 
conductors  of  heat ;  and  from  this  circumstance  derive  their  value  as  articles  of 
clothing.  It  is,  however,  probable  that  the  warmth  of  these  substances  is 
attributable  rather  to  the  impediments  they  offer  to  the  motion  of  the  air  than 
fr^m  any  inherent  heat-retainine  power.  Confined  air  is  a  bad  conductor  of 
heat ;  and  if  a  quantity  of  it  be  enclosed  among  the  interstices  of  the  fur, 
wool,  &c.  it  will  ramish  an  effectual  barrier  to  the  egreds  of  caloric.  On  this 
account  double  windows  and  doors  are  found  effectual  in  maintaining  an  equable 
temperature  in  our  apartments.  The  conducting  power  of  liquids  by  contact  is 
so  exceedingly  small,  that  for  a  long  time  it  was  doubted  whether  they  conducted 
at  alL  Accurate  experiments  made  in  vessels  of  ice,  have,  however,  established 
the  fact  that  liquids  do  conduct  heat  downwards,  or  by  contact  of  their  particles. 
If  it  be  desirable  to  heat  a  liquid,  it  is  well  known  that  the  heat  snould  be 
applied  at  the  bottom  of  the  vessel,  by  which  means  the  stratum  of  particles 
nearest  the  fire  becomes  lighter,  and  ascends,  being  forced  up  by  the  descent  of 


CHEMISTRY. 


.  .  □  oflhe  puticlei  of  liquids  will  diminiab  the  fkcility  witb  which  thej  an 
heated  or  cooled.  Wat«iv«n]el,  loupt,  uid  other  thick  dnnki,  retain  their  heat 
for  a  coniiderable  time;  while  mor>  dilute  liquid*  become  eooled  at  the  lurface, 
the  cooler  parti  mbaide,  and  the  hot  onn  rise  and  come  into  contact  with  the 
•tmoaphere;  thete  become  eooled  and  link, and  thui  the  ^hKeugoeton  till  the 
whole  attaina  the  lame  temperature  aa  the  lurroundiag  medium.  It  hai  been 
long  known  that  the  lun'a  rayi  proceed  in  right  Unei,  and  that  they  are  capable 
(rf  being  reflected  end  refracted  bj  mirrmi  and  leniee  so  aa  to  produce  an  intetue 
heat.  In  like  manner,  if  an  iron  ball  be  healed  a  little  below  rednen,  it  will 
be  found  to  emit  rayi  of  heat  that  are  capable  of  being  reflected  and  re- 
fracted in  a  eimilar  wajr.  If  two  concave  and  poliahed  metallic  mirron 
be  placed  o[^oaite  to  each  other,  and  at  about  eight  or  ten  feet  diatant, 
(ai  in  the  annexed  ensraving,)  and  the  hot  iron  ball  be  placed  in  the 
loen*  of  one,  ai  at  a,  while  in  tbiu  of  the  other  we  place  a  piece  of  phoaphorut 
(,  Mating  on  a  lump  of  charcoal,  or  ao;  bad  conductor,  in  a  few  tecond*  the 


phoapbonu  will  inflame.  Now  to  produce  this  rfbct,  it  ii  manlfeat  that  raja 
of  heat  mmt  hare  emanated  from  the  iron  bell,  and  falling  on  the  nearer 
mirroT,  muit  have  been  reflected  to  the  second  mbror,  b;  which  they  have  been 
concentrated  on  the  phosphorus.  In  tbia  experiment  we  obserre  two  imoortant 
fhcta,  the  ratSation  and  refltetion  of  heat  Radiation  may  be  conBiderably 
modified  ao  aa  to  be  neariy  deatroyed  by  an  alteration  of  the  nir&ce  of  the 
radiating  body.  Inatead  of  the  hot  ball,  Sir  John  Leslie  uied  a  tin  cubic 
cannister  filled  with  hot  water ;  and  ai  a  large  body  would  stop  the  return  of 
the  raya,  he  used  only  one  mirror,  in  the  foeut  of  which  he  placed  one  of  the 
balla  of  his  differential  thermometer,  aa  here  represented,  nevioua  to  placing 
tile  cubic  canister  a  before  the  miiror  b,  ita  four  Tertical  lidei  were  coated  will! 
different  nibstancea — one  with  lamp-black,  another  with  China  ink,  a  third  with 


labglast,  while  the  fourth  was  left  naked,  presenting  a  snrfkce  of  polished  tin. 
When  Ibii  reuel,  filled  with  hot  water,  was  present^  to  the  mirror,  the  ther- 
mometer c  immediately  Indicated  an  increase  of  temperature,  varying  according 
to  the  surface  presented ;  the  lamp-black  surface  depressed  the  liquid  of  the 
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thermometer  100>,  the  China  ink  88%  the  isinglass  80^,  and  the  tin  12".  Bjr  a 
variety  of  similar  experiment^  Professor  Leslie  obtained  the  results  in  the  fol- 
lowing table  :•— 

Radiatinc  power.  Radiating  power. 

Lamp  black      .    . 
Water  (by  estimate) 
Writing  paper 
Resin .    .    . 
Sealing  wax 
Crown  glass 
China  ink    . 
Ice     .    .    . 


100 

Isinglass     .    •    < 

.    .    80 

100 

Plumbago   .     •    . 

.    .    75 

98 

Tarnished  lead 

.    .    45 

96 

Mercury     .    .    . 

.    .    20 

95 

Clean  lead  .    .    , 

,    .     19 

90 

Iron  polished  .     . 
Tin  plate    .    •    , 

.     15 

88 

.    .    12 

85 

Gold,  silver,  coppi 

if  .    12 

The  nature  of  the  substance  is  not  the  only  circumstance  that  influences 
radiation.  In  general,  the  more  smooth  and  polished  the  surface,  the  more 
feeble  in  its  radiating  power.  If  the  surface  be  roughened  with  a  file,  or  other* 
wise,  its  radiation  is  increased.  It  also  appears  Uiat  the  radiation  occurs  not 
only  from  the  superficial  particles,  but  also  fit>m  those  immediately  beneath 
them.  With  one  coating  of  jelly  it  was  found  that  the  radiation  was  38<>; 
while  a  film  of  the  same  substance,  four  times  thicker,  produced  a  depression 
of  54^  When  the  thickness  of  the  coating  amoimted  to  one-thousandth  part 
of  an  ineh,  the  radiation  became  diminished.  If  the  same  radiating  sumce 
be  presented  to  difierent  mirrors,  we  shall  discover  the  differences  in  the 
reflective  powers.  By  various  experiments  of  this  kind,  the  reflective  powers 
of  several  substances  were  found  to  be  as  follows : — 


Reflective  power. 

Brass 100 

Silver 90 

Tinfoil 85 

Black  tin     ....  80 

Steel       70 

Lead 60 


RcfleetiYe  power. 
Tin  ibil  softened  with 

mercnry  .         •    .     10 

Glass 10 

Ditto  coated  wiCb  wax 

orcnl 5 


If  we  compare  these  tables,  we  shall  find  generally  that  the  best  radiators  are 
the  worst  reflectors,  and  etcs  versd.  It  may  easily  be  inferred,  that  those  bodies 
that  radiate  most  caloric,  when  heated  above  the  temperature  of  the  surround- 
ing medium,  will  also  absorb  most  rapidly  when  exposed  to  a  temperature  supe- 
rior to  their  own.  In  the  experiment  with  the  lamp-black  surfiboe  exposed  to 
the  mirror,  the  thermometer  indicated  a  temperature  of  100* ;  it,  however,  the 

Slass  ball  of  the  thermometer  be  covered  witn  tin  foil,  the  indication  will  be  re- 
ueed  to  20".  In  the  same  manner,  if  the  bright  side  of  the  canister  be  pre- 
sented, the  temperature  will  be  12*,  but  with  the  bulb  covered,  only  2V*,  From 
these  experiments,  as  well  as  fifom  reasoning,  it  is  evident  that  the  absorptive 
power  is  equal  to  the  radiating.  Connected  with  thu  part  of  the  subject  is  the 
effect  of  screens.  When  a  thin  deal  board  was  placed  between  the  canister 
and  the  focal  ball,  the  thermometric  effect  was  diminished,  and  thb  diminution 
was  proportional  to  the  thickness  of  the  screen.  A  pane  of  class  interposed 
reduced  the  effect  of  radiation  from  100"  to  20*.  The  reduction  was  greatest 
when  the  screen  was  most  distant  from  the  canister :  the  thinnest  gmd  leaf 
stopped  the  whole  of  the  heat ;  in  general,  those  bodies  intercept  heat  most 
effectually  which  are  the  worst  radiators.  From  some  more  recent  experiments 
of  M.  de  la  Roche,  it  is  found  that  caloric  acquires  a  more  penetratmg  power 
as  it  proceeds  firom  a  source  of  hi^^her  temperature.  A  curious  experiment  was 
made  by  the  Florentine  Acadenucians,  in  which,  instead  of  the  hot  canister, 
a  large  mass  of  snow  was  placed  before  the  mirror :  in  this  ease  the  ther- 
mometer indicated  a  ruiid  depression  of  temperature,  and  it  was  at  first 
inferred  that  rays  of  cold  emanated  from  the  snow  and  acted  on  the  ther- 
mometer ;  this  supposition  is,  however)  unnecessary,  for  it  may  easily  be  shown 
that  idl  bodies  radiate  heat  constantly.  Even  a  mass  of  ice  or  snow  mav  have  its 
temperature  higher  than  the  surrounding  air,  and  will,  therefore,  produce  signs 
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of  heat  in  the  thermometer.  In  the  ejqieriment  just  cited,  the  now  radiates 
calorie  towards  the  mirroTi  and  the  thermometer,  at  the  same  time,  radiates 
Cowards  it,  which  is  reflected  towards  the  snow.  If  the  snow  were  not  placed 
in  front  of  the  mirror,  the  thermometer  would  receiTe  as  much  caloric  as  it 
emits,  and  hence  its  temperature  would  remain  constant ;  bat  as  the  temner- 
ature  of  tht  snow  is  lower  than  that  of  the  thermometer,  the  latter  receires  less 
than  it  imparts,  and  its  temperature  falls. 

Having  stated  the  most  miportant  general  facts  connected  with  heat,  we 
must  refer  the  reader  to  other  articles  in  the  watk  for  more  particular  infor- 
mation, under  the  words  Expansioh,  TBianoMiTBR,  PraomTiR,  Combustioii, 
&C.  and  proceed  to  another  important  agent  in  chemical  research— eleetridtT. 

If  a  glass  tube,  or  a  stick  of  sealing-wax,  be  briskly  rubbed  with  a  dry  silk 
handkerchief,  and  then  presented  towards  small  pieces  of  paper,  feathers,  or 
gold  lea(  it  will  first  attract  and  then  re^l  them.  Or  if  a  gLan  tube  be  taken 
m  one  hand,  and  a  stick  of  sealing-wax  m  the  other,  and  each  be  rubbed,  then 
if  the  glass  rod  be  brought  near  a.  piece  of  gold  leaf  floating  in  the  air,  it  will 
first  attract,  and  afterwards  repel  it  While  the  gold  leaf  is  repelled  by  the 
excited  tube,  if  the  sealing  wax  be  brought  near,  the  leaf  will  be  attracted,  and 
thus  it  will  be  seen  that  Iradies  electrified  by  glass  will  be  attracted  by  the  wax, 
and  vice  tfend.  Bodies  that  are  electrified  by  glass  are  said  to  be  positively  or 
vitreously  e^ectrified ;  and  bodies  submitted  to  excited  wax  are  called  negatively, 
or  resinously  electrified.  If  either  of  the  tubes  are  well  excited,  and  a  finger 
be  presented  to  it,  a  crackling  noise  will  be  heard,  and  in  the  dark,  sparin  of 
light  wfll  be  seen  issuing  from  the  tube ;  these  are  termed  electric  sparks.  If 
to  the  further  end  of  the  excited  tube  a  brass  bail  be  attached  by  a  wire,  the 
ball  will  possess  all  the  qualities  of  the  tube  itself;  but  if  it  be  connected  by 
means  of  silk,  the  electric  virtues  will  not  pass  into  it  From  this  circumstance 
bodies  have  been  divided  into  conductors  and  nonconducton.  Some  bodies 
conduct  or  permit  the  passage  of  electricity ^more  readfly  than  others;  hence 
arises  the  distinction  of  good  and  bad  conductors.  The  following  table  contains  a 
list  of  conducting  substances  in  the  order  of  their  conducting  power. 


Copper. 

Silver. 

Gold. 

Iron. 

Tin. 

Lead. 

Zinc. 

Platinum. 

Charcoal. 

Plumbago. 

Strong  acid. 

Soot,  and  lamp  black. 

Metallic  ores. 

Metallic  oxides. 


Dilute  add. 

Saline  solutions. 

Animal  fluid. 

Water. 

Ice  and  snow  above  0*. 

Living  vef^tables. 

Living  animals. 

Flame. 

Smoke. 

Vapour. 

Salts. 

Rarefied  air. 

Dry  earths. 

Massive  minerals. 


Th»  nonocmductors  or  insulators  are  as  follows  :— 


Shell  kc. 

Amber. 

Resins. 

Sulphur. 

Wax. 

Asphaltum. 

Glass,  and  all  vitrified  bodies. 

Raw  silk. 

Bleached  silL 

^ed  silk. 

Wool,  hair,  and  feathers. 

Dry  gases. 


Dry  paper  and  leather. 

Dry  woiody  fibre. 

Porcelain. 

Marble. 

Massive  earthy  minerals. 

Camphor. 

Caoutchouc. 

Dry  chalk  and  lime. 

Ph^horus. 

Ice  (below  0*  FahrJ 

Oils ;  the  densest  are  the  best 

Dry  metallic  oxides. 
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Tha  wont  inmUbm  differ  veir  little  from  the  wont  couducton,  lo  that  the 
whole  lilt,  Grom  copper  to  ibellu!,  might  be  coniidered  u  one  teriei,  in  which 
different  degrees  of  reiistance  are  oppoeed  to  the  psaMge  of  electric  power. 
Hie  bert  conducton  are  lometiines  called  nondtctrki,  and  the  best  iuiulaton 
tkttriei,  on  the  auppoaition  that  only  the  Utter  were  capable  of  producing 
electricity  bj  friction.  Thi*  ^)pean  to  be  erroDeoui,  as  even  metallic  bodies 
may  be  excited  if  they  are  held  by  a  noooonductor  to  prevent  the  electricity 
being  carried  away  as  soon  as  produced.  A  limilar  mistake  wa«  oriffinally 
made  with  reipect  to  the  production  of  vitreous  or  rerinoiu  electricity.     It  was 


reipect t 
thought  that  the  tame  boJv  always  produced  the  same  kind  of  electricitv ;  but 
It  is  now  known  that  this  depends  <hi  the  nature  of  the  rubber.     In  all  cases 
where  two  bodiee  are  rubbed  together,  if  the  one  become  vitreously  electrified, 


It  when  rubbed  with  those  that  precede  them :  — 
The  skin  of  a  cat. 
Polished  glass. 
Woollen  ttu^  or  worsted. 
Feathers. 
Dry  wood. 

The  eulv  esperimenten  used  only  the  glass  tube  for  the  aidtation  of  eleo- 
tridty] ;  cut  the  labour  and  insufficiency  of  this  proeet*  tooo  gave  rise  to  a 
machine  Ibr  the  same  purpose. 
There  are  two  kinds  of  elec- 
trical machines  now  in  use, 
which  are  oalled  the  jiAXe  ««■- 
ekmt,  and  the  cytts^  maekme. 
Hie  ^linder  maclune  is  shown 
in  the  annexed  figure,  in  which 
a  i*  a  cylinder  of  glass,  mounted 
in  a  franie,*o  a*  to  be  turned  on 
it!  axis  by  means  of  the  handle 
/,  At  «ia  a  cushion  stufled  with 
wod  or  horse-hair,  and  covered 
with  an  amalgam  of  three  parta 
of  mercury,  two  of  zinc,  and 
one  of  tin,  melted  together,  y 
Attached  to  the  cushion  is  a  IT  ^ 
piece  of  silk  c,  which  reacbei 
over  the  cylinder  as  far  as  the 
prime  conductor  b.  The  prime 
conductor  6  is  a  cylinder  of 
tin  or  brass,  mounted  on  a  glass  leg  i^  and  Aimished  with  a  row  of  poiuti  ei 
tended  toward!  the  cylinder,  for  the  purpose  of  collecting  the  electnoity  gi-n 
rated  by  the  friction  of  the  cyUnder  against  ^  ^ 
the  rubber.  The  cushion  is  mounted  on  a  glair  *■ 
les  for  the  puipose  of  procuring  resinous  elee 
trici^j  but  when  only  vitreou*  electricity  is  ^ 
required,  a  chain  or  piece  a'  ' 
attached  to  the  cushion.  "^ 
plate  machine  is  precisely^  .  . 
mstead  of  a  cylinder,  a  circular  glass  plate 
mounted,  so  as  to  turn  on  an  axis  pasrinj 
throueh  its  centre,  while  the  rubben  are  appliei 
near  its  circumference.  When  a  greater  quan- 
tity of  deetricity  is  required  than  can  be  fur- 
nished by  sparks  from  the  prime  conductor, 
an  apparatus  it  used,  which,  from  having  been 
tUscovered  at  Leyden,  to  called  the  Leyden  Jai 


In  the  engraving  a  reprci.iilB 


e  electricitj  tl 
inaide  to  the  outside  oT  the  jar,  which  i*  then  uid  to  be  diiebu^ed.  If,  ini 
et  the  diichsTging  rod,  a  peraon  appllei  hli  heodi  to  the  outer  tod  iimar  m 
of  tbe  jar,  the  electricity  paiaei  thniugh  him,  and  he  reoeiret  an  tlttlrie  eJ 
If  the  eleetrici^  be  accumulated  in  a  urge  jar,  or  if  eereTBl  Jan  are  < 
•I  in  tbe  accoinpMnying  ^etch,  thejr  fbrm  ao  electrie  battery,  and  all 


produced  by  lightning  may  be  ic 

through  resin,  uboephorai,  ether,  gunpowder,  &c.  it  inflamet  them ;   i 


imitated  by  means  of  iL    lreleetrieitybe|i«*i«d 

,  ^ — r—-^  ^-ler,  gunpowder,  tie.  it  inflamet  them;   it  will 

penetrate  a  thiei  cud  or  a  quire  of  paper;  end  if  in  aufficient  quantity,  will 
destroy  life  in  an  eel,  rabbit,  di^,  &c.  Friction  is  not  the  only  mean*  of  pro- 
ducing electric  indicUioni,  but  it  is  the  moat  energetic;  and  when  we  have 
occasion  to  test  the  preaence  of  electricity  excited  by  other  means,  it  is  neceuary 
to  use  •  delicate  electrometer.  One  of  thete,  called  Bennet't  electninwter, 
•bown  in  the  Bccompanying  akeich,  consists  of  two  imall  dips 
of  gold  leaf  tuepended  by  a  brass  wire  within  a  glass  cylinder. 
In  the  improved  fomi  of  tbe  instrument  the  wire  which  carries 
the  leaves  a  a  passes  through  a  plug  of  silk  witbin  a  glass  tube 
h  in  the  cap  of  the  electrometer.  Bj  this  instnmienl  we  are 
enabled  to  perceive  that  electricity  is  excited  in  the  fusion  of 
inflammable  bodies,  in  eTaporation.  in  the  disengagement  of 
gai,  by  the  sudden  diiiuption  of  a  solid  body,  by  change  of 
temperature,  by  contact  of  dinimllar  bodies.  This  latter  has 
been  considered  by  Volta  and  others  ai  ihe  origin  of  voltaic 
electricity,  while  some  of  our  lint  chemiiita  consider  chemical 

o  be  the  primary  source  of  voltaic  energy.  Voltaic  elec-  t 


tricity  is  usually  procured  by  an  anangement  of  copper 
line  plates,  called  a  voltaic  battery.  There  are  different  form 
thia  apparatus,  but  tbe  battery  of  Cruikshank  ii,  oi 


This  consists  of  a  number 
of  tine  and  copper  plates, 
soldered  together  at  their 
edges,  and  cemented  into 
grooves  in  the  sldei  of  a 
mahi^ny  trough.  To 
[irepare  the  batterji  for  ac- 
tion, a  liquid  consisting  of 
about  two  parts  of  sul- 
pburic  acid,  one  of  nitric 
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add,  and  100  of  water,  should  be  poured  into  the  eells  till  Aey  are  nearly  fill ;  a 
wire  must  then  be  inserted  at  each  end  touching  the  outer  plates.  The  wire  con- 
nected with  the  zinc  plate  will  give  off  positive  electricity,  and  die  wire  attached 
to  the  copper  plate,  negative  electricity.  The  galvanic  or  voltaic  battery  is  a 
highly  important  agent  in  chemical  research,  both  from  its  energetic  decom- 
posing power,  and  from  the  intense  heat  which  it  produces.  If  the  two  wires  are 
of  platjnum  or  gold,  and  are  inserted  into  a  glass  of  water,  the  water  will  be 
decomposed  into  its  elements,  oxygen  and  hydro^n ;  the  ozyeen  will  appear  at 
the  positive  wiie,  and  the  hydrogen  at  the  negative  If  the  enos  of  the  wires  dip 
Into  two  separate  glasses  of  water,  and  a  finger  of  each  hand  be  immened  in 
them,  a  slight  electric  shock  will  be  felt,  the  intennty  of  which  will  increase  with 
the  number  of  plates.  If  the  number  of  nlates  is  very  great,  or  if  of  lam  dimen- 
sions, the  phenomena  are  beautiful  and  striking.  The  battery  of  Uie  Royal 
Institution,  used  by  Sir  H.  Davy,  in  his  researches,  contained  2,000  pairs  of 
plates,  contuning  a  suriace  of  128,000  s^are  inches.  When  pieces  of  charcoal 
about  an  inch  long,  and  one-sixth  of  an  inch  in  diameter,  were  brought  within 
one-thirtieth  or  one-fortieth  of  an  inch  of  each  other,  a  bright  spark  was  pro- 
duced, and  more  than  half  the  volume  of  the  charcoal  became  ignitea  to  whiteness; 
and  by  drawing  back  the  points  a  little  from  each  other,  a  constant  dischaige 
took  place  through  the  heated  air,  in  a  space  equal  at  least  to  four  inches,  pro- 
ducing a  most  brilliant  ascending  arch  of  light,  expanded  and  conical  in  the 
middle.  When  any  substance  was  introduced  into  tlus  arch,  it  instantly  became 
united.  Platinum  melted  in  it  like  wax  in  the  flame  of  a  common  candle. 
Quarts,  the  sapphire,  magnesia,  lime,  aU  eptered  into  fusion.  Fragments  of 
diamond,  and  points  of  charcoal  and  plumbago^  rapidly  disappeared  and  seemed 
to  evaporate  in  it,  even  when  the  connexion  was  made  in  a  receiver  exhausted 
by  the  air  pump ;  but  there  was  no  evidence  of  their  having  previously  imder- 
gone  fusion.  Copper  and  zinc  are  not  the  only  metals  proper  for  forming  a 
galvanic  battery,  but  they  are  the  least  expensive.  The  following  tables  by  Sir 
H.  Davy  will  famish  a  variety  of  combmations.  The  metal  first  named  is 
positive  in  reference  to  those  that  follow. 

With  Ordinary  Acidt. 


With  Alkalme  Sobdumt. 

The  metals  of  the  alkali,  and  their  amalgams,  zinc,  tin,  lead,  copper,  iron, 
sHver,  palladium,  gold,  platinum,  &c. 

With  the  SchtUoM  of  HydrthStdphirett, 
Arrangements  consisting  of  one  Condueior  and  two  Imperfect  Conductor*. 


Solution  of  sulphur  and  potash 
of  potash  .... 
of  soda    


Copper. 

Silver. 

Lead. 

Tin. 

Zinc. 

Other  metals. 

Charcoal. 


Nitric  acid. 

Sulphuric  acid. 

Muriatic  acid. 
)  Any  solution  contain- 
>     ing  acid. 


The  most  splendid  effects  of  the  voltaic  battery  achieved  by  Sir  H.  Dayv  were 
the  decomposition  of  the  alkalies  and  alkaline  earths,  as  potash,  soda,  baryta, 
strontiay  lime,  and  magnesia.    These  wen  found  to  be  composed  of  a  brilliant 
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wbite  metal  combined  with  oxjmtif  which  were  sepanted  and  ezhSrited  at  the 
opposite  poles  of  the  battery.  Tnii  mode  of  decomposition,  arising  from  electric 
repulsioni  has  afforded  a  convenient  basis  for  the  arrangement  of  the  simple 
substances  for  the  convenience  of  study,  and  by  its  means  they  are  divided  into 
two  classes.  The  first  consists  of  those  elements  which  are  attracted  from  their 
compounds  with  substances  of  the  other  class,  by  the  positive  pole  of  the  voltaic 
piie;  and  as  bodies  in  opposite  states  of  electricity  attract  one  another,  they  have 
t>een  cidled  hleetro-neffotive  bodies.  The  second  comprises  those  elements  that 
are  attracted  by  the  negative  pole,  which  are  therefore  termed  electro-positive 
bodies.  Before  giving  a  list  of  the  simple  substances,  it  will  be  necessary  to 
allude  to  the  theory  of  equivalents.  In  an  early  part  of  this  article  we  have 
stated  that  different  bodies  combine  in  proportions  that  are  fixed  with  regard  to 
each  other  in  a  given  compound.  We  may  now  observe  that  these  proportions 
are  definite  with  regard  to  every  other  substance  with  which  they  are  capable 
of  entering  into  composition,  so  that  there  are  certain  determinate  proportions 
of  all  bodies  which  are  equivalent  to  each  other  in  their  powers  of  combining 
with  all  other  bodies.  Thus,  acetate  of  lead  is  a  compouna  of '50  parts  of  acetic 
acid  and  112  parts  of  lead,  in  the  state  of  an  oxide.  White  vitriol,  or  sulphate 
of  zinc,  is  composed  of  40  parts  of  sulphuric  acid  and  41  parts  of  oxide  orzinc 
Now  these  proportions  are  all  equivalent  to  one  another,  and  if  the  numbers  are 
written  against  the  different  substances  as  follows,  we  can  at  once  perceive  the 
proportions  in  which  they  will  unite  in  any  new  combination. 

Sulphuric  acid 40 

Zinc  (oxide) 41 

Acetic  acid 50 

Lead  (oxide) 112 

The  same  equivalent  numbers  or  their  multiples  are  preserved  in  every  possible 
combination  with  other  bodies ;  and  when  any  body  is  compounded  of  two 
simple  substances,  the  sum  of  the  equivalents  of  the  two  elements  wiU  give  tibe 
number,  denoting  the  proportion  in  which  it  will  combine.  Thus  the  prime 
equivfdent  of  hydrogen  is  1,  thieit  of  oxygen  8;  these  combine  to  form  water, 
the  equivalent  of  which  is  9.  The  following  table  contains  the  names  of  those 
substances  which  being,  in  the  present  state  of  chemistry,  undecomposable,  are 
considered  as  simple  elementary  bodies,  classed  in  two  divisions,  and  having 
their  equivalent  or  combining  numbers  attached. 


Nott-Meuak. 


Electro-negttiTc. 


Bqoi- 
valcnU. 


A-  'c         (Oxygen       .     .     .    . 
Aenform.|c2i,?me      .    .    .    . 

Bromine      .... 

Iodine 

Volatfle. 

Fixed.        ^ 


8 
36 

75 
124 


Elcctro-potltiTe. 


Hydrogen 
Nitrogen 


Sidphur  .  . 
Phosphorus  . 
Selenium 

Carbon  .  . 
Silicon  .  . 
Boron     .    . 


Eqiu- 
valeau. 


1 

14 


16 
12 
40 

6 
8 
6 
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ses 


MeUlUk  ElemeiUt. 


Btoetro-acgatlTe. 


Bqni 
▼aleuts. 


Oxides  reducible  by 
mere  heat,  (mMe  hm- 
tals). 


Do     not     decompose 
water  at  any  tempera-  J 
ture.  ^ 


I 


Dceompose  water  at  a 
ndheat 


Decompose  water  at 
atmospheric  temper- 
atures. Oxides,  cau»- 
tie,  (alkaline  meiaitJ) 


Decompose  water  below 
a  red  heat,  but  oxides 
insipid.  (Earthy  me^ 
tak). 


.    * 


Electro- poaitive. 


Mercury 
Silver    . 
Gdd     . 
Platinum 
Palladium 
Rhodium 
Iridium 
Osmium 
Nickel  . 

Lead    . 

Tellurium 

Copper  . 

Bismuth 

Titanium 

Cobalt  . 

Cerium 

Uranium 

Antimony 

Columbium 

Tungsten  . 

Chromium 

Molybdenum 

Arsenic 

Tin  .  .  . 
Iron  .  . 
Zinc  .  . 
Cadmium  . 
Manganese 

Potassium  . 
Sodium 
Lithium     . 
Calcium     . 
Barium 
Strontium  . 

Magnesium 
Glucinum . 
Yttrium     . 
Aluminum 
Zirconium 


Eqni- 
valcnti 


200 
110 
200 
96 
56 
44 
? 
t 
30 

104 
29 
64 
71 

? 

f 

? 

? 
44 

144 
96 
28 
48 
38 

59 
28 
34 
56 
28 

40 
24 
10 
20 
70 
44 

12 
20 
34 
10 
? 


A  particular  description  of  the  properties  of  these  bodies,  with  the  compounds 
formed  by  their  union  with  each  otner,  will  be  found  under  Uie  ini^  letter  of 
their  respective  names. 

CHIMES.  A  piece  of  musical  mechaninn  produced  at  equal  intervals  of 
time  by  the  strokes  of  a  hammer  against  a  series  of  bells.  This  is  effected  by 
means  of  a  chime-barrel,  which  is  something  of  the  nature  of  a  barrel  to  an 
owan.  It  is  a  cylinder  of  brass  in  small  clocks,  or  of  wood  in  church  clocks, 
which  gives  motion  to  the  hammers  that  strike  the  bells,  and  produce  a  change 
or  tune  by  means  of  pegs  inserted  into  certain  points  of  its  circumference  at 
measured  intervals. 

CHIMNEY.  An  aperture  or  passage  for  the  escape  of  the  smoke  and 
heated  air  from  a  furnace  or  fire-place,  and  for  producing  a  more  perfect  com- 
bustion by  determining  a  rapid  current  of  air  through  the  foel.  The  principle 
upon  which  the  action  of  a  chimney  depends,  is,  tul  ihe  air  in  ihe  chimney 


becoming  rarefied,  iti  ipeeiflo  gravis  it  diroiiibhed,  and  Ibe  wdcbt  of  tile 
eolumn  S  air  wiuin  the  chimnev  becoming  leM  dtan  the  weight  oi  ■  calnmu 
of  thi  eiteinal  air  of  the  ume  altitude,  the  heated  air  in  coiuequeiice  eacapei 
at  the  top  of  the  chimneT,  and  ii  Kplaced  bj  the  colder  and  denaer  air,  which 
enten  at  the  bottom,  "Ae  neater,  therefore,  the  height  of  the  ebinuiej,  the 
greater  will  be  the  effect;  forthepeater  will  be  the  difference  in  the  weight  of  the 
two  column!  ff  air.  In  Mr.  Tredgdd'i  work  on  wanning  and  Tentilaling  apart- 
menti,  the  fallowing  rule  ii  given  (or  the  orifice!  of  cbinmeyi  according  to  the 
height  and  magnitude  of  the  fire-placea.   Multiply  bv  17  the  leneth  of  the  fir*- 

flace  in  inches,  and  divids  by  the  aqiiare  root  of  the  height  of  the  chimney 
iboTB  the  grate)  in  feet,  and  the  quotient  ii  the  area  in  inchei  for  the  aperture 
of  the  chimtiey.  Mr.  Hiort,  of  the  Office  of  Works,  Whitehall,  bai  taken  out 
a  patent  for  a  new  method  of  building  cbiituiey  fluee  and  tonneli,  which  hai 
been  adopted  in  the  new  palace,  Pimlico,  aud  in  leveral  public  building*,  and 
hat  giTen  great  tatisfaction.  The  plan  coniiita  in  buildmg  within  the  uaual 
nUU,  and  incorjporated  with  the  common  brick-work,  circular  imoke  fluei  or 
tunoeU,  at  seen  in  the  annexed  plan  or  hotiiontal 
■ectiou  at  b.  Each  flue  or  tunnel  it  surrounded  it 
eveij  direction,  fl-om  top  to  bottom,  by  cayitiei  01 
hot-air  chamben  0  c,  commencing  at  the  back  of 
each  fire-place,  and  connected  with  each  other. 
The  air  confined  within  these  chamber*  is  laid  to 
he  rendered  luffidentlv  wann  b^  the  heut  of  any 
one  fire,  to  prevent  condensation  m  all  the  fines  con- 
tained in  the  same  itack  of  chimneys.  The  figure 
of  each  brick  composing  these  circular  flues  ii 
wedge-like,  or  inclined,  ai  respects  its  upper  and 
lower  surfaces  r  the  external  face  is  composed  of  two  planes,  forming  a  very 
obtuse  angle  with  each  other;  and  the  internal,  of  the  arc  of  a  circle,  to  the 
centre  of  which  the  two  ends  of  the  brick  tend  ur  radiate ;  and  the  whole  ekcle 
ii  completed  by  placing  four  bricki  togetheiv  end  to  end,  m  ihown  in  th*  lore* 


goinsplaii 
wbdrtwi 


r — .    Their  incKned  figure  is  beat  shoirn  in  the  engnrlng  above,  fVon 
rt  wiU  likewise  be  seen  that  the  finee  or  tnnnclj  may  be  carried  in  any 


dheetion  withoat  producing  lay  internal   Biigt«t,   the  brieki   b«iig  readily 
'    '  —      *"        'the  flue  itraight,  it  wiU  be 

ooune  of  bricki  are  placed  alternately 
upon  the  thin  endi  of  the  next  contM ; 
■nd  in  order  to  nuke  currei,  the  thiclc 
■Mb  are  phwed  together  on  one  nde, 
rod  the  tiiin  eod*  oo  the  oppoeite  ude^ 


throat  of  the  chimney  below  the  niual 
line  of  the  chimney  bar,  and  imme- 
diately oTcr  the  fire.  From  belor  the 
cUmney-bar    the    flue    li    continiMCL 


downward  to  the  hearth  in  a  half- 
circle,  forming  the  centre  of  the  back 
of  the  fire-place.  From  the  conitmc- 
tiou  of  theee  chimneyB,  and  the  nature 
of  the  materials  of  which  tbey  con- 
det,  no  danger  need  be  apprehended 
ihould  the  loot  ivnite  (an  accident  not 
likely  to  happenji  for  such  an  accu- 
mulation of  aoot  ae  common  chimnej't 
are  liable  to  cannot  take  place  withm 
theae  flnei,  thne  being  no  anglei 
within  which  it  can  lodge,"  the 
draught  of  air  l>eing  much  itronger 
throngh  them,  and  the  neeeMity  for 
deaunnr  them  may  be  rendered  teu 
frequent  by  vitrifying  the  ineide  of  the  ■ 

bricki  to  prevent  adhesion ;  uevei^ 
theleu,  the  operation  of  cleaniing  may 
with  facility  be  performed  without  the 
aid  of  climbiDg  bo^  all  iharp  angular 
tumi,  and  other  impedimenta  which 
have  hitherto  opposed  the  use  of  ma- 
chinery for  this  purpoee  being  totally 
avoided.  * 

Whilst  upon  thii  wityect,  we  have 
great  pleasure  in  calling  the  attentim 
of  OUT  reader*  to  a  very  effective  machine  for  swei 
Ur.  Glass,  which  has  been  approved  by  the 


g  chimneyn,  invented  by 
aety  for  Superseding  the 
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Neceasity  of  Climbbg  Boje,  and  frbich  neini  applicable  lo  almott  ereiy  con- 
struction of  9uci.  Tlie  bruah,  f}g.  1,  U  made  of  a  round  itock  a,  commonly 
alder,  and  pierced  with  small  botes,  into  wbicb  buncbea,  formed  ofitripa  of  the 
best  whalebone,  are  inserted  and  fastened  by  glue.  These  strips  b  are  from  8 
to  8j  inches  in  length,  which  renders  the  brush,  including  the  stock,  about  20 
iiicbei  in  diameter  j  it  therefore  completely  fills,  and  cffectuallj  cleanses,  the 
largest  flues,  which  arc  never  more  than  II  inches  square,  and  are  seldom 
more  than  14  by  9  inches.  At  the  end  of  the  stock  c  is  a  very  strong  brass 
ferrule,  with  a  wormed  socket,  which  receives  the  screw  of  the  Ant  joinL  Fig.  2 
ia  a  representation  of  the  ferrules  of  the  real  size  ;  the  three  first  portions  ddd, 
2i  feet  in  length,  are  made  of  good  cane,  the  rest  eeeai  ground  Mb,  ondof  tbo 
same  length,  the  number  used  of  course  depending  upon  the  height  of  the 
chimney  \  dieie  are  made  gradually  strongei  towards  the  bottom,  and  ere 
affixed  to  each  other  by  means  of  the  brass  screws  and  sockets  in  Fig.  2,  before 
described.  The  superiority  of  this  machine  consists  in  extreme  pliability, 
lightness,  and  strength,  which  render  it  peculiarly  applicable  in  high  chimneys 
having  a  diagonal  portion  at  b,  asshown  in  the  annexed 
Fig.  3.  If  Glass's  machine  be  introduced  through  B,  it 
wUl  proceed  lo  the  top  of  A  with  ease,  wliilst  most 
other  machines  generally  stick  at  h.  A  common  defect 
in  the  construction  of  chimneys,  although  not  so  great 
in  bouses  of  recent  con«truction,  is,  that  the  aperturo  Is 
generally  much  larger  than  necessary  for  the  passage 
of  the  amoke,  the  consequence  of  wbicb  is,  th«t  the 
fuel  in  the  crate  not  being  sufficient  to  rarefy  the  whole 
portion  of  the  air  in  the  Sue,  the  rising  current  of  heated 
air  is  met  by  a  descending  current  of  cold  air,  and  the 
smoke  is  borne  back  into  the  room.  By  Mr.  Tredgold'a  ! 
rule,  before  given,  it  appears,  for  a  grate  1 8  inches  wide, 
a  chimney  36  feet  in  height  would  require  an  aperture 
of  only  Si  inches  area,  little  more  than  7incbea  square,  i 
whereas  no  chimneys  are  less  than  14  inches  by  9.  It 
is  true  that  tbey  could  not  be  swept  by  climbing  boys  if 
made  of  less  dunensions  \  but  if  carriad  up  in  nearly  ■  straight  direction,  without 


being  assigned  to  the  chimney,  the  annoyance  of  smoke  m  Uia  ^kartmenl* 
would  be  got  rid  of.     The  most  affectual  remedy  for  smoky  chiinneya  is  to 


contract  the  aperture,  and  lower  the  breast  of  the  chimney ;  and  when  this  has 
been  carried  ss  fsi  as  it  practicable,  tome  fiirther  ben^t  may  be  derived  1^ 


r  the  ) 


it  •  Kfolvlng  cap,  turned  by  a  vans,  to  that  Ihe  tpertUK 
■Iwa^   be   to   leeward. 


A  macliitie  of  thii  deicnption,  invented  by 
Capt.  Mallida^,  it  repre«eDt«d  Id  the  engraving 
on  tb«  pnceding  pan.  a  andiere  twoiqiure 
platea  of  iron,  oi  otW  metal,  the  upper  one 
iMing  )upport«d  by  four  vertical  pillan ;  c  is 
the  Bpeiture  for  Ihe  pauaee  of  the  imoke  fi-om 
the  brick  flue  immediately  beneath;  acron 
tfaia  aperture  a  bar  a  fixed  horitonlally,  nip- 
porting  the  upright  tmndle  d,  on  the  upper 
end  <H  which  ii  fixed  a  douhle-t^ed  vane, 
aboWD  in  plan  at  ^.  2.  Below  the  plate  t 
ft  aquarB  male,  forming  a  icreen  or  guard,  is 
attached  by  bracei  to  the  apindle,  and  the 
Dg   turned   by  th  '  '" 

the  vane,  the  »cr 
oppoMd  direcily  to  the  wind. 

The  ilietch  below  exhibit!  a  imoke  cowl 
Gommooly  used  at  Glugow  :  —  f^.  1  ii  an 
devatjon,  and  Fig.  2  a  plan  or  boriiontal 
■ectiou  of  the  contrivance,  which  conaiita  of 
a  quadrangular  box  of  iheet  iron,  lurmounted 
by  a  pyramidie»l  cap,  -ind  placed,  as  exhi- 
luled,  over  the  top  of  Ihe  bnck  flue.  There 
are  four  doon  to  it,  abed;  a  ia  connected 
by  an  intermediate  rod /to  the  oppoiile  door 
e,  and  b,  by  the  rod  «  to  the  door  d,  ao  that 
when  the  wind  doiM  the  door  oppoied  to  it, 
the  oppoaite  one  ia  opened  for  tne  emoke  to 
eiGspe  uninfluenced  fay  the  wind. 

The  annexed  engraving  repreaenta  Mr.  Fen- 
ner'iapparatui  for  curing  nnokychimneyi.  It 
consiit*  of  a  ipiial  tube  or  flue  to  the  upper 
part  of  an  orduiary  chimney.  Theje  tubd 
ate  made  of  thin  cqipec,  and  furaiihed  with 
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a  flange  at  the  lowest  end  upon  which  it  reits  on  die  top  of  the  brick-work 
of  the  ordinary  flue.  The  chimney  is  then  continued  upwards  with  a  reduced 
thickness  of  brick-work,  bjr  which  means  the  capacitj  is  sufficiently  enlaiged 
for  the  reception  of  the  spiral  tube.  The  expanded  part  of  the  chimney  is 
closed  in  at  top  so  as  to  form  a  hot-air  chamber  round  the  tube,  which  being 
of  thin  metal,  the  heat  is  readOy  transmitted  to  the  chamber. 

CHLORINE.  The  name  ffiven  by  Sir  Humphrey  Davy  to  a  ffa  which  long 
went,  and  even  still  commonly  go^  by  the  name  of  oxymuriatic  acid  ^[as,  as 
being  imagined  to  be  a  compound  of  ox^^n  and  muriatic  acid,  but  which  he 
showed  to  be  a  simple  substance,  which,  when  combined  with  hydrorai,  formed 
muriatic  add.  Chlorine  is  commonly,  in  tiie  small  wav,  obtained  by  distilling 
in  a  glass  retort,  at  a  gentle  heat,  3  parts  of  common  salt,  1  part  of  black  oxide 
of  mansanese,  and  2  parts  of  sulphuric  add.  The  gas  which  comes  over  is  of 
a  greenish  yellow  colour,  and  its  odour  and  taste  are  disagreeable,  strong,  and 
so  characteristic,  that  it  is  impossible  to  mistake  it  for  any  other  gas.  Like 
oxygen,  it  is  a  supporter  of  combustion,  the  products  of  which  are  termed 
chlorides.  It  has  two  remarkable  properties :  1st,  Its  affinity  for  hydrogen  is 
superior  to  that  of  any  other  substance,  whence  it  is  extremdy  us^il  in 
destroying  contagious  miasmata ;  and  2dly,  its  destructiye  action  upon  vegetable 
colours,  with  the  aid  of  a  little  moisture.  Scheele  first  remarked  this  property, 
Berthollett  applied  it  to  the  art  of  bleaching  in  France,  and  Mr.  Watt  mlro- 
duoed  its  use  into  Great  Britain.  The  alkaline  metals,  as  well  as  copper, 
tin,  arsenic,  zinc,  antimony,  in  fine  laminae  or  filings,  spontaneously  bum  in 
chlorine:  metallic  chlorides  result  Phomhorus  abo  takes  fire  at  ordinary 
temperatures,  and  is  converted  into  a  chlonde.  Sulphur  may  be  melted  in  tM 
gas  without  taking  fire.    See  Bleaching. 

CHOCOLATE.  A  kind  of  paste  or  cake  pre- 
pared from  several  ingredients,  the  chief  and  basis 
of  which  is  the  cacao  nut  The  cacao,  after  being 
roasted,  is  ground  to  a  paste.  The  English  nmnufac- 
turers  are  said  to  mix  the  flour  of  horse-beans,  or 
other  farinaceous  vegetable  matter,  to  soften  the 
strong  taste  of  the  cacao ;  some  vanilla  and  sugar  are 
likewise  added  by  them.  The  Spanish  chocolate 
contains  cloves,  cmnamon,  besides  musk,  ambergris, 
&c.,  which  are  not  agreeable  to  the  English  palate. 

CHURN.  A  vessel  in  which  butter  is  obtained 
from  milk  or  cream  by  agitation.  A  great  variety 
of  chums  are  in  use ;  a  very  common  one  consists 
of  a  deen  wooden  tub,  rather  conical,  resting  on  its 
base,  ana  having  a  wooden  cover,  through  which 
passes  the  chum  staff*,  to  the  bottom  of  which  is 
fixed  a  broad  kind  of  foot,  having  numerous  perfo- 
rations to  occasion  a  more  universal  agitation  of  the 
milk  in  churning,  the  staff*  being  worked  briskly  up 
and  down.  From  the  mode  in  which  the  power 
is  applied  in  this  kind  of  chum,  the  operation  is 
very  laborious;  another  kind,  therefore,  called  the 
barrel  chum,  is  now  very  generally  adopted  in  our 
dairies,  which  consists  of  a  kind  of  rolling  barrel 
with  an  apparatus  within  it,  calculated  to  quicken 
the  formation  of  the  butter  by  promoting  the  agita- 
tion of  the  milk.  The  annexed  engraving  repre- 
sents an  elegant  little  table  chum,  constmcted  of 
glass  by  Messrs.  Pellat  and  Green,  which  shows  the 
manner  in  which  butter  is  formed  in  a  very  inte- 
nrestinff  manner,  a  represents  an  axis  placed  verti« 
cally  m  a  fflass  cylinder,  and  fiimished  with  four 

leaves  b  b,  p&ced  at  right  angles  to  each  other,  (as  seen  in  Fh.  2,)  and  notched 
on  the  edges,  and  also  perforated  (as  shown  in  JPi^.  1).    To  the  interior  of 
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the  cylinder  are  fixed  three  leaves  c  c^  at  equal  dittaneea  from  each  other,  and 
also  notched  on  the  edges  so  as  to  receive  the  projecting  points  of  the  leaves 
attached  to  the  axis,  and  nearly  fit  them,  at  the  same  time  allowing  the 
movahle  leaves  to  pass  fireely  when  the  axis  is  turned  round.  The  agitation 
is  podnced  hy  a  repid  rotation  of  the  axu  with  its  leaves  or  fans,  which  is 
effected  by  means  of  the  bevilled  wheel  d  and  f,  put  in  motion  by  the  handle^ 

CINCHONA  is  the  bark  of  several  soecies  of  cinchona,  which  grow  in  South 
America;  of  this  bark  there  are  several  varieties,  the  red,  the  yeUow,  and  the 
pale.  The  red  is  in  large  easily  pulverised  pieces,  which  furnish  a  reddish 
brown  powder,  having  a  bitter  astringent  taste.  The  yeUow  Perumtm  bark 
was  first  brought  to  this  country  about  the  year  1790,  and  it  resembles 
pretty  closely  in  composition  the  red  species.  The  pale  cinchona  is  thai 
generally  employed  in  medical  practice  as  a  tonic  and  febrifuge. 

CINNABAR.  A  beautifiil  red  pigment,  composed  of  sulphur  and  mercury, 
and  hence  in  the  chemical  nomenclature  called  sulphuret  of  mercury, 

CINNAMON.  The  inner  bark  of  the  launu  chmamonumf  a  native  of 
Ceylon.  It  is  a  most  grateftd  aromatic,  of  a  very  frapant  smell,  and  a  mode- 
rately puneent  taste,  and  is  an  excellent  restorative  spice. 

ClRCL£.  A  line  continued  till  it  ends  where  it  began,  having  all  its  parts 
equidistant  firom  a  common  centre. 

CIRCUMFERENCE.  The  periphery  or  line  bounding  or  including  any 
thing. 

CIRCUMFERENTOR.  A  mathematical  instrument  used  by  surveyon  for 
taking  angles  by  the  magnetic  needle  in  cases  where  great  accuracy  is  not 
required,  and  where  a  permanent  direction  of  the  n^dle  is  of  tne  most 
material  consequence  in  surveying.  It  consists  of  a  compass  box  containing 
a  magnetic  needle,  sunportea  on  a  pivot  in  the  centre,  and  the  circum- 
ference of  the  box  divided  into.  360  parts  or  degrees.  The  boi  is  fiimished 
witii  two  sights,  placed  on  opposite  enos  of  the  meridian  line,  or  180**  asunder ; 
it  is  also  mountea  on  a  pivot  in  the  head  of  a  tripod  or  stand.  In  taking 
the  angle  between  two  ob|ects  with  this  instrument,  tne  box  is  turned  until  one 
object  is  seen  through  ibe  sights,  when  the  number  of  degrees  to  which  the 
south  end  of  die  needle  points  is  noted ;  the  box  is  then  turned  until  the 
second  object  be  observed  through  the  sights,  and  the  degrees  pointed  to  by 
the  needle  andn  noted,  and  the  difierence  between  the  two  numbers  is  the 
quantity  of  the  angle. 

CITRIC  ACID.  An  acid  obtained  firom  the  juioe  of  lemons,  altboush  it  is 
also  contained  in  various  other  finite  and  vegetaUea.  The  usual  memod  of 
preparing  it  consists  in  saturating  a  quantity  of  the  juice  of  lemons  by  chalk, 
which  thus  forms  citrate  of  lime,  and  afterwards  decomposii^  the  citrate  by 
diluted  sulphuric  add,  by  which  means  sulphate  of  lime  is  mrmed,  and  the 
citric  acid  is  set  flree,  and  in  this  state  it  is  used  hy  the  calico  printers ;  but  for 
other  purposes  it  is  crystallized  by  evaporation.  There  is  an  interesting  paper 
on  thitf  suDJect  in  Parket*i  Chemical  EUay*. 

CIVET.  A  peofiime  which  bears  the  name  of  the  animal  firom  whence  it  is 
taken,  called  a  civet  cat  (found  in  China  and  the  East  and  West  Indies),  but 
bearing  a  greater  resemblance  to  a  fox  or  marten  than  a  cat  Several  of  these 
animau  have  been  brought  into  Holland,  and  afford  a  considerable  branch  of 
commerce,  particularly  at  Amsterdam.  The  civet  is  collected  near  the  anus  of 
this  fierce  carnivorous  quadruped,  and  squeezed  out  in  summer  every  other  day, 
in  winter  twice  a  week ;  the  quantity  procured  at  once  is  firom  two  scruples  to 
a  drachm  or  more.  The  juice  thus  collected  is  much  purer  and  finer  than  that 
which  the  animal  sheds  against  shrubs  or  stones  in  its  native  climates.  Good 
dvet  is  of  a  clear  yellowiw  or  brownish  colour,  not  fluid  nor  hard,  but  about 
the  consistence  of  butter  or  honey,  and  uniform  throughout;  of  a  very  strong 
smell,  quite  offensive  when  undiluted,  but  agreeable  when  only  a  small  portion 
is  mixra  with  otiber  substances. 

CLARIFICATION.  The  process  of  dearing  or  fining  any  fluid  from 
heterogeneous  matter  or  feculence  by  chemical  means,  thus  ditferinff  firom 
filtration,  which  is  merely  a  meohanicu  operation.     Clarification  is  performed 
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either  by  beat,  or  by  the  addition  of  some  aubetanee  which  will  unite  with,  and 
either  precipitate  to  the  bottom,  or  cany  to  the  eurface,  the  matter  which 
renders  the  liouid  turbid. 

CLARINET.    A  wind  instrument  of  the  reed  kind. 
CLEPSYDRA,  or  Water  Clock.  A  contrivance  of  veiy  great  antiquity,  to 
measure  the  lapse  of  time,  and  indicate  the  hour  by  tne 
flowing  of  water  into  or  out  of  a  Teasel  properly  paduated.  In 
the  former  case  the  vessel  was  divided  oy  lines  mto  a  number 
of  equal  parts,  which  would  be  filled  with  water  in  equal  por- 
tions of  time  provided  the  source  from  whence  the  water  was 
obtained  was  so  abundant  as  to  render  the  hydrostatic  pressure 
upon  the  dischaiging  aperture  nearly  ec|ual.   Such  docks,  how- 
ever, could  be  employed  in  particular  situations  only,  the  latter 
plim  was  therefore  most  commonly  adopted,  via.  to  measure 
oy  ihe  discharge  of  water  ^rom  the  vessel;   but  as  in  this  plan 
the  velocity  of  the  water  would  not  be  uniform,  but  would 
decrease  with  the  decrease  of  the  water  in  the  vessel,  equal 
quantities  of  water  would  not  be  discharged  in  equal  times, 
and  some  contrivance  became  necessary  to  compensate  this 
inequality.  The  most  common  was  to  employ  a  vessel  of  lar^eer 
diameter  at  the  upper  than  at  the  lower  end,  and  divide  tne 
altitude  into  a  number  of  equal  parts,  or  else  to  use  u  vessel 
of  equal  diameter  throughout,  and  divide  the  height  into  a 
number  of  unequal  parts,  gradually  diminishing  from  the  top ; 
but  each  of  &ese  methods  was  difficult  to  execute  accurately. 
The  cut  in  the  margin  represents  a  contrivance  of  Mr.  Par- 
tington's, by  which  these  difficulties  are  avoided,  and  equal 
quantities  of  water  are  dischaiged  in  equal  spaces  of  time,  a 
is  a  cylindrical  tube  to  hold  the  water,  and  b  a  cork  float  on  its 
surface,  through  which  is  passed  the  shortest  leg  of  a  nairow 
syphon  c,  whidi  is  suspended  by  a  silken  cord  over  a  wheel  d, 
and  to  the  other  end  of  the  cora  is  attached  a  weight,  which 
nearly  counterbalances  the  syphon ;  near  to  the  extremity  of, 
the  syphon  is  fixed  an  index/,  that  points  out  upon  a  graduated 
scale  tne  hour,  according  to  the  degree  of  depression  within 
the  tube.    It  is  obvious  that  as  the  float  by  which  the  svphon 
is  supported  is  always  immersed  to  the  same  depth  in  the 
water,  the  outer  lee  of  the  syphon  will  always  remain  in  the 
same  relative  position  to  the  surface  of  the  water  in  the  tube, 
and  thus  the  hydrostatic  pressure  wiU  be  always  the  same,  the 
flow  or  discharge  will  be  uniform,  or  equal  portions  will  be 
dischaiged  in  equal  times,  and  the  tube  being  cylindrical,  or 
of  the  same  dimension  throughout  its  lengUi,  the  scale  cor- 
responding to  its  altitude  wiu  be  divided  into  equal  parts; 
thus  the  instrument  forms  a  very  accurate  measurer  of  time. 
The  water  falls  into  a  receiver  ^,  which  forms  the  base  of  the 
instrument,  and  may  be  made  to  run  back  into  the  tube  by 
opening  a  passage  between  them,  and  inclining  the  instrument. 

CLOCIl.  An  instrument  for  measuring  and  indicating  time. 
See  HoRoLooT. 

CLOG.     In  the  manege,  a  log  of  wood  fastened  to  the^ 
fetlocks  of  a  horse,  to  bresk  him  in  to  a  peculiar  kind  of  paoo 
or  step. 

Cloo.  a  sort  of  shoe  with  a  thick  sole  of  wood  or  leather,  worn  over  the 
ordinary  boots  and  shoes  in  dirty  weadier.  Although  dogs  are  more  easy  to 
walk  in  than  pattens,  as  aflbrding  a  firmer  looting,  they  are  not  so  deanly,  aa  they 
splash  and  throw  up  a  deal  of  dirt  The  figures  on  the  opposite  piwe  represent  a 
combination  of  the  dog  and  the  patten,  am>rding  the  security  and  wrmneas  of  the 
tread  of  the  former,  and  the  cleanliness  of  the  latter,  i^.  1  shows  the  patten 
clog  in  perspective,  and  FSg,  2  the  same  turned  upside  down*    a  is  the  patten 


At 


iroa,  pftbeMculUr  form  rcpreaented,  which  ii  found  not  to  iplBihin  (hcl«ut- 
it  ii  livetled  to  the  bottom  of  the  clog,  u  >  iupport  to  the  heel,  and  ii  upon  a 
lavel  witli  the  ptwcting  or  thickett  iwrti  6  of  tho  nle  that  lupporti  the  for* 
port  of  the  foot.  The  clog  u  hollowed  out  at  e  to  render  it  lighter,  and  to  cause 
It  to  lake  up  Iom  dirt.     Ooe  otgection  to  clog*,  ai  umialljr  couitnicted,  ii  the 


fatigue  Ibey  occasion  in  walking,  from  their  want  of  flexibility.  Hiii  defect  haa 
of  tale  yean  been  remedied  bjr  forming  the  sole  of  two  or  more  pieces,  con- 
nected by  hio^ ;  and  a  further  improvement  has  been  introduced  by  Mr.SchDller, 
who  ha«  obtained  a  patent  for  what  he  terms  "expanding  cIoeb  or  pattens," 
which  may  be  lengthened  or  contracted  at  pleasure,  so  as  to  fit  the  foot  of  the 
!r  with  the  greatest  exactness.     These  expanding  clogs  are  represented  ii 
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:e  for  expanding  or  contracting  the  same.  Under  the  brass  &nile 
at  a  is  a  sliding  rack  and  "pring,  or  other  contrivance,  by  which  the  clog  can  be 
lengthened  or  shortened  at  pleasure  j  at  fi  is  another  rack  and  sprinc,  which 
allow*  the  raited  sides  of  the  heel-piece  to  be  expanded  or  conlrai^ed  tveadth- 
wise.  To  the  strap  c  is  likewise  attached  on  improred  spring  slide,  by  which 
that  also  may  be  lengthened  or  shortened :  these  several  contrivanoei  are 
exhibited  in  detail  in  Fiyi.  2,  3,  4,  5,  6.  Fig.  3  represents  a  plan  of  die  up^ 
side  of  the  sole  of  the  clogs,  wiUiout  the  brass  ferule  or  sheath  a,  and  with 
another  flat  plate,  which  encltues  the  work  underneath,  removed ;  the  rack  d 
and  the  spring  e  are  thua  brought  into  view,  the  former  being  screwed  to  the 
waist  of  the  sole,  and  the  latta  to  the  heel  piece,  in  cavities  or  mortises  made 
to  receive  them ;  thej  are  likewise  so  fixed  that  the  spring  always  keeps  in 
contact  with  the  rack,  as  shown  bj  the  edge  view  of  tbem  in  fig.4,  where  it 
is  seen  that  there  is  a  stout  pin/ which  goes  through  a  slot  mortise  in  the  rack; 
thia  pin  slides  backwards  and  rorwards  in  the  slot  mortiie.  By  thia  arranec- 
ment  it  will  be  seen  that  the  clog  may  be  contracted  br  simply  thrusting  the 
toe  part  toward*  the  heel,  as  the  spring  catch,  which  is  fastened  to  the  farmer, 
slides  over  the  notches  in  the  rock ;  but  to  pull  the  toe  from  the  heel,  in  order 
to  lengthen  the  dog,  it  becomes  neceasai;  to  press  upon  the  brass  [un  /,  which 
in  this  clog  prolrui^  u  little  way  either  on  the  upper  or  the  under  aide.    Fig.  2 


npntenti  a  pUn  of  the  upper  lole  of  iHe  Biperadded  keel-piece,  whidi  conHti 
of  ■  metal  plate  g.  The  llde*  A  h  are  here  ■hown  ai  expanded  for  a  laree  foot ; 
to  contract  it  to  luit  a  imaller  foot  it  ii  only  neceuary  to  prev  the  ndei  k  k  ' 
tqeelber,  when  a  ipring  catch  (neaily  nmiUi  to  that  already  de«cribed  in  the 
MAer  part  of  the  clog)  *Iide«  over  the  uotchea  of  a  rack,  and  fixe*  iti^  whererer 


it  ii  left.  On  the  controrjr,  when  it  ia  wiibed  to  inerean  the  capacity  of  the 
heel,  the  guide  [un  ■  which  ilidn  in  the  ilot  mortlie  t  ii  to  be  pieieed  upon  by 
the  thumb  niiil,  which  thnuta  the  spring  catch  out  of  contact  with  the  tack, 
and  tlie  aidei  A  h  ipiing  out  igab  in  the  poiition  ihown  in  the  figure,  owin^  to 
their  having  a  metallic  lining  {of  thin  piste  iron),  which  poBieuee  mfficient 
elasticity  for  that  p«rpo«e ;  the  four  «ci*w  bolet,  shown  in  the  he«l-^te  g,  are 
for  the  purpoae  of  fastening  it  down  to  the  wood  or  Iccther  heel-piece  of  the 
dog.  The  slide  for  lengthening  or  sbortenhig  the  tie  of  the  clog  acron  the 
instep  of  the  wearer  is  shown  on  an  enlarged  scale  at  Fig:  5  and  S,  tb«  taine 
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letters  in  each  referring  to  the  same  parts.  It  consists  of  two  plates  /  /  laid 
flat-wise  in  contact  with  each  other,  witn  four  long  apertures  or  slotSi  in  each  of 
which  slides  a  hrass  pin ;  two  of  these  pins  are  rivetted  to  each  plate,  and  confine 
the  opposite  plate  in  contact  by  their  heads  prcnecting  over  it  To  give  an 
increased  friction  to  the  sliding  plates,  and  to  stop  tneir  action,  a  spring  n  is  fixed 
to  one  of  the  plates,  with  a  brass  catch  pin  o  at  the  other  end,  so  that  when  the 
dide  is  shut  up,  as  shown  in  Itff,  1,  the  pin  o  enters  the  hole  J9,  where  it  is 
retained,  until  pressed  out  again  in  order  to  lengthen  the  tie  as  may  be  required. 
Fig,  7  represents  a  clog  more  especially  adapted  to  ladies'  wear,  in  which  another 
mode  of  lengthening  or  shortening  the  clog  is  adopted.  In  this  instance  a  thin 
iron  bar  or  plate  is  perforated  with  holes  and  rivetted  to  the  fore  part  of  the 
sole,  and  kept  steady  by  two  pins  on  either  side ;  the  other  end  of  the  perforated 
plate  enters  the  heel  of  the  clog,  and  is  so  formed  at  the  extremity  as  to  prevent 
It  being  entirely  drawn  out  Now  the  brass  sheath  a  has  a  hole  at  q,  and 
another  directly  onposite  to  it  at  the  bottom;  the  pin  r  bein^  then  passed  through 
both  holes  in  the  brass  sheath,  and  through  one  of  the  holes  in  tne  intervening 
perforated  plate,  fixes  the  clog  firmly  in  3ie  place  reouired. 

CLOTH.  A  general  name  for  any  fabric  woven  trom  any  fibrous  materials 
(except  silk),  such  as  flax,  cotton,  &c.,  but  it  is  mostly  used  to  signify  cloth 
made  from  wooL     See  Weaving  and  Woollbn  Manufacture. 

^LOUTS.  Thin  plates  of  iron,  which  are  nailed  to  the  wooden  axletrees  of 
caiTitf|es. 

OLOVES.  The  produce  of  ttie  caryophiUus  aromaticus  of  Linnsus,  which 
grows  in  the  Molucca  Islands,  particularly  in  Amboyna,  where  it  is  principally 
cultivated.  The  clove  tree  resembles  in  its  bark  the  olive,  and  is  about  the 
height  of  the  laurel,  which  it  also  resembles  in  its  leaves.  No  verdure  is  ever 
seen  under  it.  It  has  a  great  number  of  branches,  at  the  extremities  of  which 
are  produced  vast  quantities  of  flowers,  that  are  first  white,  then  green,  and  at 
last  red  and  hard.  When  tl\ey  arrive  at  this  depee  of  maturity,  they  are, 
properly  speaking,  cloves.  The  season  for  gatherine  is  from  October  to  February, 
when  the  boughs  of  the  trees  are  shaken,  or  the  cloves  beaten  down  by  reeds, 
laige  cloths  being  spread  to  receive  them.  These  are  afterwards  either  dried 
in  the  sun,  or  in  the  smoke  of  the  bamboo  cane. 

CLUTCH.  A  mode  of  connecting  shafts  with  each  other  or  with  wheels,  so 
as  to  be  disengaged  at  pleasure ;  numerous  examples  of  which  have  been  given 
in  the  preceding  part  of  this  work.    See  also  Mill  work. 

COAL.  A  caroonaceous  substance  lying  in  strata  at  various  depths  beneath 
the  surface  of  the  earth,  and  extensively  used  for  fiiel.  The  varieties  of  coal 
are  scientifically  described  by  Dr.  Jamieson  in  his  geological  work,  and  classed 
in  several  species  and  subspecies ;  but,  in  a  practicd  point  of  view,  they  may  be 
divided  into  three  classes,  according  to  their  degree  of  inflammability.  The 
least  inflammable  kind  is  the  anthracite,  or  ttone  coal,  of  which  class  is  the  Welsh 
and  Kilkenny  cod.  It  requires  a  considerable  degree  of  heat  to  ignite  it,  but 
when  once  kindled  it  remains  in  distinct  pieces  in  tne  fire  without  caking,  pro- 
ducing neither  smoke  nor  flame,  making  no  cinder,  but  leaving  a  stony  slag 
behind.  It  is  chiefly  used  in  malt  kilns,  dye-houses,  &c.  Open  burning  coal 
kindles  quickly,  makes  a  hot  pleasant  fire,  but  is  soon  consumed,  and  produces 
smoke  and  flame  in  abundance ;  it  lies  open  in  the  fire,  and  does  not  cake 
together  to  form  cinders,  its  surface  being  burnt  to  ashes  before  it  is  thoroughly 
calcined  in  the  middle.  Of  this  kind  is  Cannel  coal,  jet,  and  most  of  the 
Stafibrdshire  and  Scotch  coals.  Close  burning  coal  kindles  quickly,  makes  a  very 
hot  fire,  melts  and  runs  together  like  bitumen ;  it  makes  a  more  durable  fire 
than  any  other  kind  of  coal,  and  burns  finally  to  ashes  of  a  brownish  colour. 
Of  this  kind  are  the  Newcastle  coals,  and  those  of  the  surrounding  districts. 
The  various  kinds  of  coal  are  often  found  mixed  with  each  other,  and  at  times 
some  of  the  finer  sorts  run  like  veins  between  the  coarser  sorts. 

COAL  MINE.  Strata  of  coal  are  to  be  met  with  in  various  parts  of  the 
^obe,  as  France,  Germany,  Sweden,  America,  Australia,  and  we  believe  likewise 
m  India ;  but  in  no  countiy  in  such  profusion,  or  of  so  good  a  quality,  as  in 
Great  Britain;  and  to  this  circumstance  we  may  mainly  attribute  our  commercial 
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greatnets,  and  our  guperiority  in  ahnoit  every  branch  of  manufacture.  In  coal 
mining,  and  the  carrying  trade,  a  vaat  portion  of  our  population  is  employedi 
bendea  many  hundreds  of  thousands  or  tons  of  shipping  constantly  engaged  in 
transporting  this  valuable  mineral  not  only  to  all  oarts  of  our  own  coasts,  and 
up  our  rivers,  but  to  almost  every  part  of  the  Netherlands,  France,  Spain, 
Portugal,  the  West  Indies,  and  America.  The  principal  seat  of  the  coal  trade 
is  in  the  northern  and  eastern  parts  of  England,  and  the  most  important  coal 
works  are  those  of  Newcastle  and  Whitehaven ;  at  the  latter  place  some  of  the 
mines  extend  more  than  a  mile  under  the  sea,  and  at  a  depih  considerably 
ffreater  below  its  sur&ce  than  has  been  reached  in  any  part  of  ihe  world,  the 
deep  mines  of  South  America  being  situated  upon  lofty  mountains  considerably 
elevated  above  the  sur&ce  of  tho  earth. 

We  shall  now  proceed  to  ffive  a  brief  description  of  the  method  of  working 
a  coal  mine.  To  ascertain  wnether  coal  is  concealed  beneath  the  sur&ce  at  any 
place,  recourse  is  had  to  boring,  by  a  process  and  implements  similar  to  what 
we  have  already  described  in  our  account  of  the  method  of  boring  for  water ; 
and  an  account  is  carefully  kept  of  the  different  strata  cut  through,  and  of  the 
depths  to  which  they  extend  before  arriving  at  the  principal  bed  of  coal;  and 
the  thickness  of  the  coal  strata  in  different  situations,  as  well  as  the  dip  or 
inclination  of  the  strata,  (for  they  seldom  lie  horizontal,)  are  ascertained  by  the 
same  means.    The  working  is  usually  commenced  upon  the  dS9>,-a8  it  is  termed, 
or  where  the  depression  of  the  strata  of  coal  is  greatest  The  first  consideration  is 
the  means  of  draining  off  the  water  from  the  feeders  and  springs  with  which  the 
coal  is  usually  intersected.  If  the  situation  and  other  circumstances  wiU  admit  of 
it,  an  adit  is  driven  Uirough  the  side  of  the  hill  to  the  lowest  part  of  the  mine, 
and  the  water  runs  off  by  it  to  a  lower  level ;  but  if  this  cannot  be  effected,  the 
water  is  raised  by  pumps  worked  by  horses,  water,  or  steam,  according  to 
drcumstances.      For  this  purpose  a  pit  or  shaft,  termed  the  **  engine  shaft,"  is 
sunk  (generally  upon  the  dip  of  the  coal),  in  order  to  allow  the  water  to  drain 
from  the  workings  and  to  keep  them  dry.    In  this  shaft  the  pumps  are  placed, 
divided  into  sets  at  the  various  depths  of  the  mine,  the  lowest  set  delivering  its 
water  into  a  cistern,  from  which  it  it  raised  by  the  next  set  of  pumps  above  it,  and 
so  on  to  the  surface,  the  lift  for  each  set  seldom  exceeding  25  to  30  fathoms. 
When  Uie  required  depth  is  attained,  a  portion  of  coal  is  worked  dipward  of  the 
engine-shaft,  forming  a  dstern  for  the  Waters  to  collect  in.  A  level  is  then  cut, 
from  the  bottom  of  the  engine-shafi,  called  the  gateway,  or  winning  headway, 
which,  as  the  works  proceed,  is  carried  the  whole  length  of  the  mine,  and  is 
from  8  to  10  feet  hign,  and  9  feet  wide.    When  the  gateway  has  proceeded 
to  the  required  distance  from  the  engine  shaft,  another  shaft  is  sunk  to  meet 
it,  called  the  coal  shaft,  or  pit,   by  which  the  coals  are  conveyed  to  the 
surface  in  baskets  by  a  gin.    From  the  gateway,  or  winning  headway,  the  coal 
is  worked  from  passages  cut  at  right  angles,  called  "rooms,"  which  are  about 
12  feet  wide ;  and  omer  passages  again  are  cut  at  riffht  angles  to  the  rooms, 
which  open  hmn  one  room  into  the  next,  and  are  called  "  thoroughs,"  or  thirt- 
ings,  the  coal  remaining  thus  forming  pillars  for  the  support  of  the  roof.    When 
the  coal  is  of  a  firm  texture,  from  two-thirds  to  three-iourths  may  be  got  out 
at  the  first  working ;  but  in  other  cases  little  more  than  a  hal£    Two  large 
blocks  or  pillars,  15  or  20  yards  long  by  10  or  15  yards  wide^  are  left  to 
protect  engine  and  coal-pit,  m  case  of  the  falling  in  of  the  mine.    The  coals 
are  brought  to  the,  pit  or  shaft  in  small  cars,  drawn  by  horses  when  the  workings 
are  wide  and  moderately  level ;  but  if  too  steep  or  narrow,  are  drawn  by  men 
in  baskets  upon  trucks ;  or  if  too  steep  for  this,  are  carried  in  baskets  upon  the 
backs  of  women.    A  general  idea  of  tne  operations  and  arrangements  of  a  coal- 
mine may  be  gatherea  from  the  accompanying  section  of  Bradley  Coal  Mine, 
near  Bilston,  in  Staffordshire.    A,  the  whimsey,  or  steam-engine  for  raising  Ae 
coal  horn  the  bottom  of  the  shaft ;  B,  the  banksman  who  umds  the  same ;  C, 
one  of  the  shafts  of  the  mine ;  D,  a  passage  fh>m  one  shaft  to  another ;  £,  the 
gateway,  or  head-winninjr  way ;  F,  the  bolt  hole,  made  to  cause  a  firee  circula- 
tion of  air  through  the  mine ;  (should  any  part  take  fire,  the  bolt  hole  is  bidlt  up;) 
G,  pilUffs  left  in  working  the  ten-yard  coal,  to  support  the  supeijacent  strata; 
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R,  an  escaTttiou  called  a  iti  It,  or  room,  by  the  collien,  who,  ifter  the  Batewav 
ti  cul,  begin  ihui  to  work  iKe  eaai,  or  hole-under;  I,  the  riba  through  which 
the  tii^way  i>  cut ;  J,  lights ;  K,  s  man  who  hang*  an  the  ikipa,  ftnd  rake*  the 
gateway ;  L  M  N,  mineni  heading,  holing,  and  ihoreUinff  out  the  alack  or 
■mall  coid ;  O,  ilack  carrier ;  P,  miner  working  on  ■  acallbld ;  Q,  the  ipern, 
a  imall  piece  of  coal  left  at  a  Mipport  to  many  tone  above,  which  fall  when  thia 
ii  taken  away ;  R,  a  collier  on  a  uafibld,  taking  out  the  ipem  ai  far  ai  he  can 
reach  with  B  pick ;  S,  a  collier  (tanding  upon  a  heap  of  alack,  called  the  gob, 
with  a  prong  uied  for  that  work,  which  cannot  be  aalely  done  with  a  pick ;  T, 


a  collier  breaking  or  turning 

collier  breaking  the  large  coal  wim  a  wed^ ;  w,  a  driver  Willi  an  empty  tkip, 
X,  a  driver  with  a  loaded  skip;  Y,  a  skip  being  drawn  up  the  abaft  by  die 
engine ;  Z,  a  pillar,  called  the  man  of  war,  left  to  aupport  the  upper 
■trata  undl  the  lover  are  worked ;  it  i*  then  taken  uway,  and  the  upper 
coal  falls  down.  The  different  strata  that  are  cut  through  to  arrive  at  the 
principal  bed  of  the  coal  are  exhibited  on  the  left  of  the  abaft,  by  variouily 
■hadea  portions  of  the  solid  earth,  extending  in  the  Bradley  mine  to  the  depth 
of  about  111  feet,— the  depth  to  the  bottom  of  the  (haft  i»  139  feet  4  inches. 
'      '  "ieriet  in  the  vicinity  of  Newcaitle  a  complicated   and 
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expendre  lyftem  of  *entilstion  hu  been  adopted,  in  order  to  guard  agkiniC  the 
diMrtrow  conaequencei  which  reault  (rom  an  aeoiuiiDlation  of  fi^^-damp  or 
kydrogen  gw ;  but  from  the  calamitoiu  eiploaioni,  which  are  of  inch  freijunit 
oecurrence,  it  ii  but  loo  clear  that  the  ijttem  ii  deplorably  inefficient,  and  calli 
loudly  for  impnivenieDt.     The  accompanying  iketch  repreeeni*,   oa   a  iBull 


■cile,  the  plan  which  is  pursued  to  counteract  the  cfTecti  of  that  fatal  CTil,  and 
to  ipread  throughout  the  woikingi  a  sufficient  quantity  of  fresb  air.     The  dark 

Cin  the  plan  represent  the  pillan  of  cool  left  to  support  the  roof,  and  the 
parti  the  working*.  There  are  generally  two  descent*  or  more  to  the 
mine,  as  we  have  already  stated,  which  are  distinguUhed  by  the  terms  of  tlie 
downcast  and  iipcant  shun.  A  is  the  downcast  shall  by  which  the  air  descends : 
the  current  of  the  air  is  repretenled  by  the  waved  line,  which  is  carried  through 
the  main  passages  only,  the  suhways  which  diveise  from  them  being  stopped 
by  the  bratticra ;  and  its  motion  is  accelerated  by  the  heat  of  a  targe  mr- 
uace,  situated  at  the  bottom  of  the  upcast  shaft  B;  and  thus  the  air,  after 
trafetsing  the  whole  of  the  workings,  ascends  the  shaft  B.     An  exhausting 

Sump  placed  near  the  ii]>per  end  of  ihe  upcast  shafl  B  is  sometimes  substituted 
ir  the  dangerous  expedient  of  the  liiniace  at  llie  bottom  of  the  shall.  But 
when  particular  ports  of  the  mine  are  subject  to  rapid  accuroulatiuDS  of  Sle- 
damp,  recourse  is  had  to  the  firing  process,  wnich  is  usually  performed  by  means 
of  an  apparatus,  consisting  of  a  long  pole,  or  a  series  of  poles,  fitting  one  into 
another  like  a  fishing-rod,  so  as  to  be  elerated  to  the  break,  or  pol-UoU,  where 
the  fire-damp  has  accumulated  ;  at  the  upper  end  of  this  pole  ij  a  small  sheeve  or 
wheel,  over  which  a  copper  wire  passes,  of  sufficient  leneth  to  reach  to  the  horse 
stable  from  any  part  of  the  mine;  this  done,  the  pole  is  firmly  fixed  in  the 
place  where  the  gas  lodges.  Acandte,  fixed  to  apiece  of  lead  or  other  substance 
to  keep  it  upright  when  suspended,  is  carried  by  the  fireman  as  far  towards  the 
explosive  region  ai  safety  will  admit,  when  it  is  set  upon  the  fioor,  and  fastened 
lo  one  end  of  the  copper  wire,  after  which  the  firemen  retire  (o  the  stable, 
which  is  made  strong  and  well  secured,  in  order  to  barricade  them:  the  other 
end  of  (he  wire  is  brought  through  a  crevice  in  the  door,  and  by  this  means  the 
light  is  drawn  up  to  its  destination ;  and  the  gas  which  has  accumulated, 
coming  in  contact  with  the  llame,  ignites  and  explodes.  In  some  instances  the 
firemen  remain  pent  up  a  considerable  time  in  the  greatest  suspense,  owing  to 
some  acciderital  circumstuiice  having  |iut  the  candle  out  before  it  reaches  the 
pol-Aole,  when  they  are  fearful  of  venturing,  from  the  uncertainty  of  what  may 
De  the  evenl.  In  many  instances  it  has  been  found  necessary  to  explode  these 
lodgments  three  ^mes  a  day,  at  each  time  clearine  the  mines  of  all  the  work- 
men except  the  firemen ;  the  necessity  of  which  has  been  occasioned  bj'  the 
miner*  cutting  down  strata  or  measures  of  coul,  so  ai  lo  render  the  roof  higher 


than  the  general  run,  of  liz  or  eight  feet  Mama,  and  b;  tbeie  mean*  making  tha 
axtia  eleratioD  too  great  to  be  effected  by  the  diluting  currenL  In  fact,  woera 
the  roof  of  a  coal  mine  (where  the  leam  u  tbirty-six  feet  thick,)  U  cut  down,  no 
meani  but  tha  firing  prooen  could  luspend  for  a  >ingle  day  the  deitructivo 
effect*  produced  by  an  ezploajon  of  the  whole  mine.  To  obviate  the  danger* 
and  diScultiea  of  the  firing  proceu,  Mr.  Jamei  Ryan,  of  Netheiiou  colliery, 
near  Durham,  who  had  been  for  many  yeuv  eneeged  ui  working  mine*,  to  vemed, 
in  tiea  of  it,  a  nmple,  effectual,  and  economical  syitem  of  ventilation,  by  which 
Ae  fire-damp,  or  inflammahle  gaa,  was  carried  off  upwards  from  the  mine ; 
vhilil  by  another  arrangement  he  caused  the  carbonic  acid  gai  (or  choke-damp) 
to  pais  off  into  the  water  level.  In  attempting  to  get  his  plana  of  ventilation 
tried  at  various  minei,  he  met  with  the  most  stubborn  opposition ;  and  although  in 
•very  instance  in  which  he  was  allowed  to  introduce  his  lyitem,  he  was  eminently 
MiceeseAil,  yet,  firom  the  roisrepreMntatiotu  of  ignorance  and  jealousy,  bu 
system  of  ventilation  has  been  adopted  in  very  few  mines,  and  the  firing  pro- 
ce«e  i*  still  veiT  gener«lly  resorted  to.  Mr.  Wood,  of  Summer  Hill  Grove,  Nor- 
thnmbeiland,  has  '  '   '  .      i        ■  ■  i    .1     i-.^ _..._ 


m  perspective,  with  Mr.  Wood  9  uppsratiu  employed  In  ignibng 

Itie  sas.  It  consists  of  a  common  Dutcli  striking  clock,  in  which  the  descent  of  a 
weight  at  a  previously  determined  hour  raisei  a  lever  having  a  counterbalance 


weight :    this  lever  acting  upon  another  lever,  ( 


a  match,  chat;ged  with 
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ozymuriate  of  potash,  to  be  dipped  into  a  bottle  containing  mlphmic  acid ;  the 
counteibalance  weight  on  the  fint  lever  immediately  afterwaida  drawi  the 
match  oat  of  the  bottle,  when  the  contact  of  the  air  canaea  the  match  to  ignite, 
and  to  set  fire  to  a  train  of  combustible  matter  connected  with  it,  consisting  of 
cotton  or  tow  saturated  with  ^irits  of  turpentine,  a  repieeents  the  weight  of 
the  dock,  which  is  set  to  go  off  at  the  time  denoted ;  a  pnjecting  pieee  at  the 
bottom  of  the  weight  presses  in  its  descent  upon  one  extremity  of  a  fever,  which 
turns  upon  a  fulcrum  at  &  .*  the  other  end  or  this  lerer  is  provided  with  a  roller 
e^  which  raises  the  loaded  end  d  of  another  lever,  supported  upon  a  standard  at 
t ;  at/  u  a  rod  attached  by  a  joint  to  the  other  extremitr  of  the  second  lever,  and 
at  the  lower  end  it  u  jointed  to  a  small  block,  to  which  is  fixed  the  match.  To 
the  match  are  attached  some  loosely  twisted  filaments  of  cotton,  which  are 
carried  upward,  and  wound  round  an  iron  rod  as  loosely  as  posaiUe,  so  as  to 
form  a  large  bunch  of  easily  ignitable  matter,  to  further  which  the  whole  is 
saturated  with  spirits  of  turpentine:  the  iron  rod  containing  the  bunch  of 
cotton  slides  up  and  down  in  a  fixed  standard  i,  as  represented ;  and  from  this 
point  a  train  is  made  to  other  parts  of  the  mine,  where  the  inflammable  gas 
may  have  collected  in  a  detached  volume,  by  means  of  strips  of  brown  paper 
dipped  in  oil  of  turpentine,  which  are  strung  together  and  suspended  in  festoons 
on  standards  fixed  In  the  ground.  The  dc^  beinff  set  to  go  off  when  all  the 
workmen  are  absent  firom  the  mine  or  at  rest,  the  weight  operates  upon  the 
lever  at  the  precise  period  determined  upon,  ignites  the  matcn  and  the  train, 
and  thus  destroys  all  the  inflammable  gas. 

The  following  is  a  simple  and  usSful  contrivance  for  the  prevention  of 
acddents  in  raismg  men  or  minerals  out  of  mines,  by  the  ropes  "  running  wild,** 
as  it  is  termed,  and  for  which  the  inventor,  Mr.  E.  Speers,  was  presented  with 
the  silver  Vulcan  medal  by  the  Society  of  Arts.  A  bar  is  fixed  on  the  end  of 
an  axis.  Two  hooks,  as  A, 
swine  freely  on  the  ends  ik 
this  bar ;  C  is  a  short  bar 
or  stop,  projecting  from 
the  fhune  of  the  machine, 
for  the  hook  to  catch  hold 
of.  When  the  bar  re- 
volve9  at  a  moderate  rate, 
the  hooks  constantly  hang 
down  by  their  own  weight 
and  keep  clear  of  the  stop 
C;  butwnen  it  revolves  with 
a  dangerous  rapidity,  the 
centrifugal  force  causes  the 
hooks  to  diverge  from  their 
pendant  position,  and  one  of 
tliem  catches  hold  of  the 
check-bar  C,  (as  shown  by 
dotted  lines,)  which  stops 
the  machine  instantly. 

A  correspondent  in  the  RegUter  of  ArU  proposes  the  following  modification 
of  this  contrivance,  by  which  the  shock  occasioned  by  the  sudden  stoppage  of 
the  machinery  is  avoidec^  and  the  further  advantage  gained,  that  when  the 
velocity  of  the  machinery  is  so  far  reduced  as  to  avoid  danger,  the  machinery  will 
not  stop,  but  will  recommence  motion  of  itself.  In  the  engraving  in  tiie  next  page, 
a  is  a  section  of  Mr.  Speers*  check-hooks ;  the  bar  to  which  Uie  hooks  are  sus- 
pended turns  with  the  axle  he;  e  is  a  conical  pulley,  with  grooves  cut  it 
a  spiral  direction,  as  represented  in  the  section ;  this  puUev  turns  on  the  axle^ 
ana  not  with  it,  like  the  bar  a  /  out  of  this  pulley  projects  the  check-pin  /. 
G  is  a  screw  fixed  to  the  frame  A,  which  fits  into  the  pulley  e,  so  as  to  enter 
it  as  soon  as  the  pulley  is  made  to  revolve  in  the  same  direction  as  the  bar  a. 
i  is  a  cord  fixed  to  the  pulley  e,  so  as  to  be  wound  round  all  the  grooves  when  the 
pulley  is  turned ;  to  the  end  of  it  is  fixed  a  weight,  the  size  of  which  must 
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b«  regulated  according  lo  the  reloci^ 
iritL  which  the  machine  is  required  lo 


hy  the  too  n 

bir  a,  have 

pendsat  poMtion  u  to  la;  hold  of  the    . 

check-pin  /,  the  pulle;  t  will  be  drawn 

round  in  the  aame  diiection  as  the  bar 

a,  and  will  wind  the  weight  nupended 

hj  the  cord  i  until  the  cord  reaches  the 

Xrmoat  groove,  ai  at  J|  when  the 
i^  of  the  machinery  will  be  greatly 
moderated,  at  which  time  the  pulley  e 
will  have  advanced  id  hx  along  the 
tcrew  G  u  to  draw  the  cbecl-pin  outof 
the  check'hooks,  when  the  machinery 
will  proceed  in  a  regular  way,  and  the 
--'  ■   '---  -'^-  ' 1  of  the 


cord  i,  by  the  descent  c 


a  ooDtact  with  th* 


attached  to  it,  will  r 

of  the  pulley,  and  return  ft  to  its  original 

podtioD,  M  shown  at  i,  where  it  wul  be 

alwayi  ready  to  regulate  the  machinery 

when  the  check-hookg,  by  their  centrifiigal  fbree,  c 

check-pin/. 

COBALT.  A  metal  of  a  whitiih  grey  colour,  limSn  to  tin,  but  with  little 
brilliance.  It  ii  brittle  and  eaiy  to  pulverise,  but  di£Bcult  to  fiue,  requirins 
a  temperature  equal  to  that  which  ia  neceaaary  to  melt  eaitiron.  Like  iron  It  la 
attracted  by  the  magnet  Id  iti  metallic  ilate  it  i«  of  little  uie,  but  ita  oxide  ii 
employed  to  impart  a  blue  colour  to  flinble  and  vilreou*  mbttance*.  See 
ZaiFRB  and  SuALti. 

COCOA-NUT  ii  a  native  of  moat  of  the  troirieal  countriet;  the  tree  i«  finm 
40  lo  60  feet  high,  the  leave*  from  10  to  IS  feet  long,  aad  3  feet  broad.  The 
fruit  is  about  the  uze  of  a  man's  head ;  it  contain*  a  white  kernel,  tha  haDow 
of  which  ia  filled  with  amilky  juice.  The  naea  of  the  cocoft^ut  tree  are numeroui 
and  important.  It»  trunk  ii  made  bto  boata  and  watei<^ttera ;  and  in  houae- 
building,  the  leavea  aerre  for  Ihalph,  and  are  wrought  into  mala  and  heaketa ; 
likewiia  Bi  a  aubatitute  for  paper  in  writing  upon.  The  flbroua  huak  of  tbe 
ihell,  after  being  aoaked  in  water,  ia  beaten  into  oakum,  ipun  into  a  variety  of 
varni,  woven  into  aail^lotfa,  and  twitted  into  ropea  ana  cable*  even,  for  ths 
laigeat  ahipa.     The  hard  ahell  ia  poliahed   and  farmed  into  cup^  powder 

COO.    The  tooth  of  ■  wheal,  by  vhich  it  acta  on  anotW. 

CLARION.  A  kind  of  trumpet,  wbo*e  tube  ia  narrower,  and  it*  tone  acuter 
and  ahriller,  than  that  of  die  common  trumpet 

COCHINEAL.  An  inaect  which  faeda  on  the  Oacto*  opoutia,  or  pricklv  pear 
of  Mexico  and  other  part*  of  South  America.  In  the  dned  ttaU  in  which  it  i* 
broofjht  to  Europe  it  reeemble*  grain*  about  one-eiKhth  of  an  inch  long,  with 
one  aide  round  aad  trantvenely  wrinkled,  and  the  other  rather  flat.  The  oolour 
i*  of  a  putpliah  grey ;  the  grey  it  owing  to  a  powder  which  cover*  it  naturally; 
the  purple  tinge  proceed*  atna  the  ctdont  extracted  by  the  water  in  which  it 
haa  been  killeX  The  rich  crimson  colouring  matter  which  it  yieldi  does  not 
appear  to  be  injured  by  long  keeping  in  a  dry  place,  aome  cochineal  of  130 
yeatt'  old  havioK  been  found  to  produce  the  tame  effecta  at  new.  The  colonic 
mg  matter  may  do  extracted  either  by  water  or  alcohoL  Alum  waa  formerly 
die  onlv  aubttance  lued  to  fix  the  ^e  of  cochineal.  About  the  year  16S0, 
Drebdel,  a  German  chemiat,  discovered  the  effect  of  tin  in  heightening  the  colour. 
The  solution  of  tin  in  different  acida  will  produce  crimaon,  purple,  violet,  aad 
(carlet  of  varioiu  kinda.    See  Cxaii ime. 

COCK.    An  inatrumeot  for  permitting  or  arresting  th«  flow  of  a  liquid  at 


plnmre.    They  genentlljr  cauitt  of  •  ihort  b: 
contAining  the  liquid,  tnd  ha  '       -     <  - 
■landing  at  right  anglei  to  it 


brought  to  eohidd«  with  the  bore  of  t£ 
the  liqnid,  but  b;  turning  the  plug  one 
■tandi   mcran   the  bore   of   the   pipe, 


pipe,  (he  plug  ofiers  no  obstruction  t< 
quarter  nnuid,  the  wlid  parf  of  the  plw 
pipe,   and   atopi  the  panage  of  the  limiid. 
NumeiouB  peculiarilief  are  to  be  found  in  the  conitmction  of  cocki,  to  adapt 
them  til  particular  uiei ;  aome  of  tfaeie  ve  ihall  proceed  lo  notice- 

The  annexed  figure  Hpreaenti  in  lection,  an  unproved  lock-cock  for  liquor- 
GMki,  inxeuted  b;  Mr.  W.  RuneL    NumeiMU  patent!  have  been  taken  out  for 


lock-cDcki;  but  few  of  thew  inrenttoni,  we  think,  are  equal  loMr.  Ruuel'ifbr 
•impUdty  and  lecuri^.  The  eneraTing  represent!  the  cock  ihut-and  locked.  A 
amiare  hole  being  cut  through  the  barrel  and  into  the  plug  a,  a  moTBhle  Meadv 
pm  or  bolt  h,  wiUi  •  ■boulder  to  limit  its  action,  ia  litted  into  it,  paasing  through 
the  barrel  into  the  plug ;  the  opposite  end  terminates  in  a  screw,  over  which  ii 
'CBting  on  the  shoulder;  a  turned  brass  socket  e,  having  alto 
sdoulder  about  midway  to  press  upon  the  spiral  sprine,  is  (hen  put  c 


B  spiral  spring  r 

a  shoulder  about  midwaf  to  press  upon  the  spiral  sprine,  is  lh> 

and  secured  to  the  barrel  either  by  solder  or  screws ;  if  by  the  latter  only,  the 


notches  in  the  heads  must  be  filed  awsy  for  obvious  reasons.  To  open  the  cock, 
or  rather  to  withdraw  the  bolt,  the  screwed  socket  key  must  be  introduced, 
when  about  two  turns  will  sufficiently  comjtress  the  spring  and  withdraw  the 
bolt,  and  the  cock  may  then  be  opened  and  shut  at  discretion,  while  the  screw- 
key  reniuns  in  the  position  descnbed.  When  the  key  is  withdrawn,  the  acticn 
of  the  spring  upon  the  plug  forces  the  holt  into  the  aperture  of  the  plug  upon 
shutting  the  cock.  — 


The  accompanying  figure*  repre- 
lent  another  contrivance  of  Mr. 
Russel's,  which  he  has  named  a 
"  hydro-pneumatic  liquor-cock,  and 
ait-vent  attached,  "the  object  of  which 
is  to  admit  the  air  to  press  upon  the 
■nr&ce  of  the  liquor,  so  as  to  cause 
it  to  flow  upon  opening  the  cock, 
but  to  shut  off  all  communicatton 
between  the  atmoaphere  and  the 
interior  of  the  vessel  when  the 
cock  it  dosed,  by  which  the 
strength  of  the  liquor  is  preserved, 
and  it  i*  prevented  from  speedily 
turning  sour,  tjg,  I  is  a  view  of 
the  cock  with  the  air  tube  awplie 
externally.  The  plug,  in  adilition  , 
to  the  ^rltire  for  Ue  pacsagi 
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the  liqtior,  liu  a  anialler  one  pWfd 
slxiTe  it  fur  the  tranimiuian  of  llie 
•ir :  upon  turning  the  cock  to  draw 
05  the  air  enter*  the  ■mailer  paa- 
lase,  Kiid  pauine  along  the  bent 
tube  b  enter*  the  vat  above  the 
lurfiue  of  the  liquor  through  the 
metal  plug  or  ferrule  d.  Hg.  2  ia  a 
MCtion  of  a  barrel  ihowmg  another 
modification  of  the  apparatus,  by 
wUch  the  aii-tube  i«  placed  inter- 
nally ;  thii  method  i>  considered 
preferable  in  brewen'  or  diitillen' ; 
large  veuek,  and  in  lituaCiont  where 
the  tube,  if  applied  externally,  nould 
be  liable  to  injury.  Letters  a6ciJ 
and  <  apply  to  the  tame  parts  ai  in 
fig.  1 J  but  the  aperture  for  the 
admiuion  of  air  in  thii  cock  U 
■itUBted  at  the  tide  (at  «},  in  order 
to  ihow  the  application  of  the 


r  Mr.  Ruuel'i   lock* 


cock*,  already  deicribed. 


t,  and  which  may  be  entirely  formed  uf 
e  cheaper  and  not  pernicious  like  brass,     a  is  the 


bnrrel ;  b  ■  small  rod  having  a  screw  cut  on  the  end  g,  nhich  works  in  a 
corresponding  screw  cut  in  the  nose  of  the  cock  ;  the  other  end  of  the  rod 
passes  through  a  guide-piece  e  (perforated  with  numerous  holes,  to  allow  an 
easy  passage  to  the  liquor),  and  through  a  leather  washer,  at  the  bnck  of  which 
ii  an  iron  washer,  againil  which  the  ivd  is  rivetted  ;  and  according  to  the 
direction  in  which  the  screw  is  turned,  the  leather  washer  is  either  pressed 
>again>t  the  end  of  the  cock,  thereby  closing  the  aperture,  or  it  recedes  from  it, 
and  opens  the  passage,  //is  a  section  of  the  cask  into  which  the  cock  is  screwed. 
Another  cock,  in  some  respacta  resembling  the  precedbg,  but  requiring 
3c 
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KTeater  accuracy  of  worfcniaaship,  ii  shawn  Id  the  folloiriiig  figure,  a  U  ibe 
bemrl,  bored  out  cylindrical,  and  the  interior  end  faced  or  med  iquare;  (  the 
nofzJe ;  c  a  coaical  plug  formed  upon  one  end  of  ft  screw ;  d  a  handle  upon  the 
other  cod  of  the  Krew,  by  turuing  which  the  plug  may  be  made  to  close  the 


cylindrical  panage  a,  but  when  drawu  back  to  the  liilleit  extent,  it  leavei  a 
clear  paaiage  for  the  Lquor.  A  great  objection  to  metallic  cocki  is  tlieir  liability 
to  corroiion  in  Itquorf  containing  any  pottiiMi  of  add,  by  which  means  the  plug 
became!  loose  in  its  leal^  and  in  many  mitancei  a  poisonous  solution  of  the  metal 
is  formed  in  the  liquor.  These  evila  are  avoided  in  Ridgway's  porcelain  cocks, 
which  are  not  liable  to  corrosion  in  the  strongest  acids,  at  the  same  time  they  are 
vcrY  firm  and  subetantjal,  being  formed  of  t£e  strongest  porcelain  or  stone  ware. 

The  forms  of  the  cock  are  somewhat  new,  as  well  w  the  interior  construction. 
The  annexed  diagram  gives  a  section  (excepting  the  upper  or  handle  part  of  the 
plug,)  of  the  form  most  approved  by  the  patentees,  a  is  the  long  tube,  with  s 
screw  thread  cut  upon  its  external  surface  for  the  purpose  of  being  screwed  into 
the  barrel ;  b  the  plug  accurately  ground,  and  lilted  into  its  place ;  in  the  plug 
a  vertical  perforation  is  made  hy 
boring,  equal  to  the  diameter  of  that 
in  the  long  tube,  and  another  hols 
at  ri^bt  angles  to  the  former  to  0001* 
rounicate  with  the  vertical  perfo- 
ration and  with  the  long  tube,  when 
the  plug  is  turned  in  the  direction 
shown,  for  drawing  off  the  liquor.  I 
To  secure  the  plus  in  its  place,  and  I 
to  produce  a  uni^rm  action,  it  has  I 
a  groove  made  three-quarters  round 
it,  for  receiving  the  end  of  the  bolt 
c  which  is  fastened  by  the  screw  d. 
See  Valves. 

COFFEE  is  the  seed  contained  in  a  berry,  the  produe 
tree  called  the  Coffea  Aretkum,  and. which  has  also  been  n. 
biaim.  This  tree  grows  erect,  with  a  single  stem,  to  the  height  ol 
to  twelve  fcet,  antl  has  long,  undivided,  slender  branches,  bending  downwards, 
these  are  fiimished  with  evergreen  leaves,  not  unlike  those  of  the  bay  tree. 
The  blossoms  are  white,  aitling  on  short  fbotatalks,  and  resembling  a  eheiry, 
and  having  a  pale,  insipid,  and  somewhat  glutinous  pulp,  inclosing  two  hard, 
oval  seeds,  each  alwut  the  siie  of  an  ordinary  pea.  One  side  of  the  seed  is 
convex,  while  the  other  is  flat,  and  has  a  little  straight  furrow  inscribed  tbrougb 


«  of  a  moderate  siied 
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it3  longest  dimensions ;  while  growln?,  the  flat  sides  of  the  seed  are  towards 
each  other.  These  seeds  are  immediately  covered  by  a  cartilaginous  mem- 
brane, which  has  received  the  name  of  the  parchmenL  The  trees  begin  bearing 
when  they  are  two  years  old ;  in  their  third  ^ear  they  are  in  full  bearing. 
The  aspect  of  a  coffee  plantation  during  the  penod  of  flowering,  which  does  not 
last  longer  than  one  or  two  days,  is  very  interesting.  In  one  night  the  blos- 
soms expand  themselves  so  profusely  as  to  present  the  same  appearance  which 
has  sometimes  been  witnessed  in  England  when  a  casual  snow-storm  at  the  close 
of  autumn  has  loaded  the  trees  while  still  furnished  with  their  full  complement  of 
foliage.  The  seeds  are  known  to  be  ripe  when  the  berries  assume  a  dark  red 
colour,  and  if  then  not  gathered  will  drop  from  the  trees.  The  planters  in 
Arabia  do  not  pluck  the  fhiit,  but  place  cloths  for  its  reception  beneath  the 
trees,  which  they  shake,  and  the  ripened  berries  drop  readily.  These  are  after- 
wards spread  upon  mats,  and  exposed  to  the  sun's  rays  until  perfectly  dry,  when 
the  husk  is  broken  with  large  heavy  rollers,  made  either  of  wood  or  stone.  The 
coffee  thus  cleared  of  its  husk  is  again  dried  thoroughly  in  the  sun,  that  it  may 
not  be  liable  to  heat  when  packed  for  shipment.  The  method  employed  in  the 
West  Indies  differs  from  this.  Negroes  are  set  to  gather  such  of  the  berries  as  are 
sufficientlv  ripe,  and  for  this  purpose  are  provided  each  with  a  canvass  bag,  having 
an  iron  ring  or  hoop  at  its  mouth  to  keep  it  always  distended,  and  this  bag  is 
slung  round  the  neck  so  as  to  leave  both  hands  at  liberty.  As  often  as  this  bag 
is  fUTed,  the  contents  are  transferred  to  a  large  basket  placed  conveniently  for 
the  purpose.  It  is  the  usual  calculation,  that  each  bushel  of  ripe  berries  will 
yield  ten  pounds'  weight  merchantable  cofiee.  In  curing  co£fee  it  is  sometimes 
usual  to  expose  the  berries  to  the  sun's  ray:*,  in  layers  five  or  six  inches  deep, 
on  a  platform.  By  this  means  the  pulp  ferments  in  a  few  days  ;  and  having 
thus  thrown  off  a  strong  acidulous  moisture,  dries  gradually  during  about  three 
weeks :  the  husks  are  afterwards  separated  from  the  seeds  in  a  mill.  Other 
planters  remove  the  pulp  from  the  seeds  as  soon  as  the  berries  are  gathered. 
The  pulping-ihill  used  for  this  purpose  consists  of  a  horizontal  fluted  roller, 
turned  by  a  crank,  and  acting  against  a  movable  breast-board,  so  placed  as  to 
prevent  the  passage  of  whole  berries  between  itself  and  the  roller.  The  pulp 
IS  then  separated  from  the  seeds  by  washing  them,  and  the  latter  are  spread 
out  in  the  sun  to  dry.  It  is  then  necessary  to  remove  the  membranous 
skin  or  parchment,  which  is  effected  by  means  of  heavy  rollers  running  in  a 
trough  wherein  the  seeds  are  put  This  mill  is  worked  by  cattle.  The  seeds 
are  afterwards  winnowed  to  separate  the  chaff;  and  if  any  among  them  appear 
to  have  escaped  the  action  of  the  roller,  they  are  again  passed  through  the 
mill.  The  roastmg  of  coffee  for  use  is  a  process  that  requires  some  nicety ;  if 
burned,  much  of  the  fine  aromatic  flavour  will  be  destroyed,  and  a  disagreeable 
bitter  taste  substituted.  The  roasting  is  now  usually  performed  in  a  c^Tindrical 
vessel,  which  is  continually  turned  upon  its  axis  over  the  fire-place,  in  order  to 
prevent  the  too  great  heating  of  any  one  part,  and  to  accomplish  the  continual 
shifliug  of  the  contents.  Coffee  should  never  be  kept  for  any  length  of  time 
after  it  has  been  roasted,  and  should  never  be  ground  until  it  is  required  for 
infusion,  or  some  portion  of  its  fine  flavour  will  be  dissipated.  Count  Rumford, 
who  paid  great  attention  to  the  management  and  preparation  of  coffee,  used  to 
preserve  the  aromatic  fraerance  of  that  which  had  been  ground,  by  placing 
It  into  a  cylindrical  metalBc  box,  which  was  covered  by  an  accurately  fitting 
piston  in  the  inside,  being  well  closed  by  a  nicely  adjusted  cover  on  the 
outside.  An  improved  apparatus  for  roasting  coffee  was  natented  by  Mr. 
Evans  in  1824,  the  operation  of  which,  it  is  said,  confers  a  flavour  simuar  to 
that  from  Mocha  to  West  India  coffee ;  and,  owing  to  the  retention  of  the 
essential  oil,  a  greater  weight  of  roasted  coffee  is  obtained  from  a  given  weight 
of  the  raw  material.  The  art,  according  to  Mr.  Evans's  practice,  seems  to  con- 
sist in  the  abstraction  of  the  aqueous  and  acidulous  matter,  without  volatilizing 
the  essential  oil,  upon  which  mainly  depend  the  flavour  and  agreeable  aualities 
of  coffee.  The  apparatus  consists  of  an  elliptical  iron  retort,  set  in  brick-work, 
over  a  furnace ;  the  retort  is  made  to  revolve  upon  hollow  axes,  one  of  them 
serving  as  an  exit  passage  for  the  vapour,  whicn  is  delivered  therefrom  into  a 
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oonTolated  pipe,  immened  in  cold  water,  and  is  thereby  condeDied ;  tbe  other 
hollow  axiB  u  for  the  oonyenienoe  of  introducing  the  "  examiner/'  which  is  a 
perforated  tube,  used  to  draw  out  a  sample  of  coffee  under  operation,  while 
It  serves  also  as  a  safety  valve  in  case  of  the  vapour  accumulating  in  too  great 
force.  A  series  of  the  retorts  are  placed  over  their  respective  mmaoes,  and 
they  are  caused  to  revolve  by  geerinr  connected  to  their  axes,  to  which  motion 
u  given  bv  a  steam  engine,  or  any  otoer  convenient  power.  When  the  roasting 
has  been  found  complete,  the  retorts  are  lifted  out  of  ueir  apertures  over  Uie  fbr- 
nace,  and  turned  over  upon  one  of  their  axes,  which  is  proviaed  with  an  ingenious, 
swivel  bearing  for  that  purpose ;  the  coffee  is  then  discharged,  and  the  operation 
renewed  upon  a  fresh  quantity.  In  the  ordinary  method  of  roasting  coifee  an 
acetic  acid  is  generated,  which  is  difRised  in  the  liquor  if  the  infiision  remains 
long.  To  obviate  this  inconvenience,  an  apparatus  was  contrived  called  a 
Ing^in,  in  which  the  coffee  is  put  into  a  bag  suspended  to  the  rim  of  the  vessel, 
and  boiling  water  having  been  poured  through,  it  is  separated  and  removed 
from  the  water,  which  remains  pretty  free  from  acid,  and  combined  with  much 
aromatic  fraerance.  In  coffee  roasted  by  Evans's  distillatoiy  process,  before 
mentioned,  the  acetic  acid  is  mainly  got  rid  of,  an4  therefore  the  same  pre- 
cautions that  are  used  in  the  biggin  are  not  necessary,  and  a  richer  infusion 
maybe  made  by  allowing  the  cofiee  to  soak  longer  in  the  water;  but  as  the  fragrant 
principle  is  of  a  very  volatile  nature,  Mr.  Evans  contrived  the  following  apparatus, 
which  is  found  to  answer  the  objects  in- 
tended extremely  well,  and  will  serve  for 
the  foundation  of  a  machine  of  a  more  ele- 
gant exterior.  The  body  a  of  the  vessel  is 
of  a  cylindrical  form ;  it  has  a  cover  b  at 
top,  and  at  c  a  bottom,  under  which  is  a 
stand  or  furnace  d  containing  a  lamp  e  ;  at 
/  is  a  floating  piston  with  a  hook  under- 
neath for  suspending  the  ground  coffee 
in  a  bae  o.  Ihe  floating  piston  is  made 
of  two  um  metal  plates  solaered  together, 
with  a  hollow  space  between  them  capable 
of  holding  a  sufficient  quantity  of  air  to 
render  itself  and  the  bag  of  cofiee  buoy- 
ant The  piston  is  accurately  fitted  to 
the  cylinder,  but  so  as  to  allow  it  to  rise 
and  fall  freely  with  the  surface  of  the 
liquid  in  which  it  floats,  and  thus  pre- 
serve the  infusion  from  tbe  contact  of 
air,  and  there  is  only  an  extremely  fine 
circular  line  of  liquor  at  the  edges  ex- 
posed ;  the  heat  and  the  aroma  of  the 
mfiision  is  thus  preserved  until  the  last 

cup  is  drawn  offt  When  coffee  is  ground  to  a  fine  powder,  and  placed  loosely 
amone  the  water,  the  particles  are  a  lon^  time  subsiding,  and  are  easily  dis^ 
turbea  after  having  settled.  To  clear  the  liquid  it  has  been  usual  to  add  a  few 
shreds  of  isinglass  or  other  animal  gelatine.  The  inconvenience  of  this  pro- 
cess probably  caused  the  introduction  of  the  bag,  which  is  however  not  without 
some  disadvantages ;  among  which  may  be  mentioned  the  trouble  of  cleansing, 
and  the  imperfect  solution  of  a  portion  of  the  extractive  matter  when  the 
coffee  lies  in  so  dense  a  mass.  It  has  accordingly  been  suggested  to  place  the 
coffee  between  two  flat  perforated  plates,  at  nearly  the  bottom  of  the  vessel ; 
the  water  should  be  supplied  by  a  tube  extending  from  the  top  of  the  vessel  to 
the  bottom,  from  whence  it  will  ascend  through  the  strainers,  and  the  coffee 
contained  between  them,  which  being  unconfined,  every  particle  will  be  kept  in 
agitation  by  the  boiling  water,  and  be  thoroughly  operated  upon  :  to  this 
arrangement  the  floating  piston,  before  described,  may  be  acivantageously 
added. 
Since  the  foregoing  suggestions  were  made,  Mr.  Jones,  of  the  Strand,  lias 
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introduced  a  coffee-pot  on  the  principle  which  is  represented  in  the  annexed 

cut     a  is  a  vessel  placed  over  a  lamp  furnace,   into  which  the  requisite 

quantity  of  water  is  pat ;   5  is  a  doable  vessel,  the 

internal  one  consisting  of  a  perforated  metal  cup  to  hold 

the  ground  coflfee ;    e  is  another  recipient  fitting  over 

b,  and  having  a  valve  at  d.  When  the  water  in  a  boils, 

the  steam  ascends  amongst  the  coffee  in  b ;  and  when 

the  steam  accumulates  in  sufficient  force,  its  pressure 

upon  the  surface  of  the  water  in  a  causes  the  boiling 

fluid  to  ascend  the  pipe  e  e,  and  to  be  discharged  into 

the  vessel  c;  the  lamp  may  then  be  blown  out,  and 

the  liquid  will  percolate  through  the  coffee  in  a,  and 

the  perforated  strainer  in  its  descent  to  the  vessel  a, 

which  will  thus  become  filled  with  a  filtered  and 

aromatic  infusion. 

COFFER  DAM.  An  enclosure  constructed  for  the 
purpose  of  laying  the  foundations  of  bridges,  piers,  &c. 
formed  by  two  or  more  rows  of  piles  driven  close 
together,  with  clay  thrown  in  between  the  rows,  the 
heads  of  the  piles  rising  above  high  water  mark,  and 
thus  forming  a  barrier  to  exclude  the  water. 

COHESION,  or  ATTaxcTioN  of  Cobesion,  is  that 
power  by  which  the  particles  of  bodies  are  held  ^ 
together.  The  absolute  cohesion  of  solids  is  mea- 
sured by  the  force  necessary  to  tear  them  asunder ;  heat  is  excited  at  the  same 
time.  At  the  chain  cable  manufactory  of  Capt  Brown,  a  cylindrical  bar  of 
iron,  of  1}  inches  diameter,  was  drawn  asunder  by  a  force  of  43  tons.  Before 
the  rupture  the  bar  lengthened  about  5  inches,  and  was  reduced  nearly  three- 
eighths  of  an  inch  at  the  part  where  the  fracture  took  place,  which  became 
heated  to  a  degree  unpleasant,  if  not  painful,  to  the  hand.  The  cohesive  force 
of  metal  is  considerably  increased  by  hammering,  rolling,  or  drawing.  Tlie 
following  table  shows  the  cohesive  strength  of  a  square  inch  in  lbs.  avoirdupois, 
or  the  force  necessary  to  pull  asunder  a  square  inch  of  the  various  substances 
named  therein. 


ibt. 

Copper,  cast 22,000 

Ditto,  wire 61,000 

Gold  wire 31,000 

Iron,  cast 30,000  to  50,000 

Ditto        (German) 08,000 

Ditto,  bar 60,000  to  80,000 

Ditto        (German) 60,000  to  90,000 

Ditto,  wire 113,000 

Platinum  wire 56,000 

Silver  ditto 40,000 

Ash 17,000 

Beech 17,000 

Deal  (Norway  spnice) 18,000 

Ditto  (English) 7,000 

Elm 13,000 

Oak 11,000  to  16,000 

Hemp  fibres  glued  together  ....  92,000 


COINAGE,  or  Coiniko,  is  the  art  of  making  metallic  money.    See  Mint. 

COLCHICUM  AUTUMNALE.  A  medicinal  pknt,  the  vinous  infusion  of 
whose  root  has  been  shown  by  Sir  E.  Home  to  possess  specific  powers  of  alle- 
viating gout  The  sediment  of  the  infVision  ought  to  be  removed  by  filtration, 
as  it  occasions  gripes,  sickness,  and  vomiting. 
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COLLAR.  A  pan  of  a  borae'i  hanieu  which  turroutidi  hit  neck,  and  to 
which  the  tracn  are  attached  by  which  he  diawi.  It  ordinarily  coniials  of  a 
itufied  leather  pad,  od  which  rest  tvo  curved  ban  called  the  hana,  united  at 
the  lower  ende  by  a  few  linki  of  chain, 
and  drawn  together  at  top  by  a  itrap 
and  buckle ;  but  irom  the  collapsing  of 
the  hamea,  the  ihouldert  of  the  koiaa* 
frequently  become  rung,  which  inducea 
many  to  give  the  preference  lo  breaitinga 
rather  than  collar*.  In  Mr.  Lukin  * 
improved  botae  coUan  the  haoie  it  made 
in  one  piece,  which,  from  its  elaaticity, 
hu  a  tendency  to  expand  initead  of 
collspiing,  and  the  padi  upon  it  are  not 
fixed  immovably,  but  turn  round  upon 
the  hamei  aa  an  aua,  by  which  means 
the  preitare  aduiti  itself  to  the  motion  , 
of  the  hone,  and  materially  reduce*  the 
chafing  againit  hi*  ihoulden.  The 
annexed  cut  repreient*  one  of  theae 
coUan.  a  a  repreient  the  padi,  one 
turned  partly  round  upon  the  hamei 
bbb  to  ahow  their  action ;  e  c  are  dipa 
for  the  tracei ;  d  a  imaD  pad  which  lie* 
over  the  horie'i  neck,  and  t  the  tlrap 
by  which  the  bamea  are  contracted  in 
any  required  degree. 

COLOUR  u  that  property  in  bodie*  which,  when  acted  upon  by  Tight. 
impreoei  the  mind,  through  the  agency  of  our  eisht,  with  thoie  aeniationi  which 
we  denominate  colour.  The  light  of  the  lun,  winch  aeemi  perfectly  homogeiieal 
and  white,  ii  universally  acknowledged  to  be  composed  of  no  fewer  than  seven 
different  colours,  vii.  red,  orange,  yellow,  green,  blue,  purple,  and  violet.  A 
body  which  sppean  to  be  of  a  red  colour  has  the  property  of  reflec^ng  the  red 
rayi  more  powerfully  tbun  any  of  the  others,  and  so  of  the  ornnge,  yellow, 
green,  ftc.  A  body  which  is  of  a  black  colour,  instead  of  reflecting,  absorb* 
all  or  the  greatest  part  of  the  rays  that  fall  upon  it;  and,  on  the  contrary, 
a  body  which  appear*  to  be  white  reflects  the  greatest  part  of  the  rays  indis- 
criminately, without  separating  the  one  from  the   other.      See  Paintiko  and 

COMB  MAKING.  The  process  of  comb  making  ii  unially  oonducted  at 
follows.  The  material  of  which  the  comb  is  formed  is  fint  reduced  to  thin 
unooth  plates  of  an  even  thickness.  The  workman  who  cuts  the  teeth  then 
fastens  one  of  these  plates  in  a  clamp  or  vice,  and  proceeds  to  cut  the  teeth  by 
means  of  a  double  saw,  of  which  each  blade  is  somewlmt  like  the  small  One 
with  which  joiners  and  cabinet-maken  cut  their  fine  work,  Aa  this  instrument 
leaves  (he  work  square,  and  in  rather  a  rough  state,  particularly  in  the  inside 
edge  of  each  tooth,  it  is  followed  by  another  about  the  siie  and  shape  of  a  case- 
knife,  having  teeth  like  a  file  on  each  fiat  side.  After  this,  two  others  of  the 
same  shape,  out  each  liner  cut  than  the  former,,  follow.  One  stroke  on  each 
side  of  the  comb  is  then  given  with  a  rasping  tool,  to  take  off  any  roughness 
that  may  remaio  on  the  tides  of  the  teeth,  ^er  which  they  are  poliilied  by 
rubbing  them  with  rotten  stone,  and  oil  spread  upon  a  piece  of  buff  leather. 
With  the  simple  apparatus  above  described,  delicate  ivory  combs,  containing 
fVom  fifty  to  sixty  teetb  in  the  inch,  are  cut.  Mr.  Bunday's  machine  for  cutting 
the  teeth  of  combs  is  constructed  as  follows :  upon  an  arbor  driven  by  a  treadle, 
is  fixed  a  number  of  circular  steel  cutters,  corresponding  to  the  notches  intended 
to  be  cut  In  the  comb.  These  cutters,  which  are  about  two  inches  diameter, 
and  aU  exactly  equal  in  thickness,  have  brass  washers  between  them,  and  are 
also  kept  regularly  aauniler  just  above  the  place  where  the  comb  enteci,  by  steel 
guide*  fixed  in  a  statianary  frame.    The  comb  is  firmly  secured  to  a  honxontal 
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■liding  block  or  cairitge,  which  i«  made  to  advance  towanli  the  centre  of  the 
axil  of  the  eutten,  by  meani  of  a  screir  turned  either  by  hand  or  by  a  band- 
vheel  faatened  upon  iti  azih  The  combs  are  poioled  by  applying  them  to  an 
arbor,  driven  by  a  crank,  and  clothed  with  eutten  with  chaniferededge*. 

Some  improvementa  have  been  iatroduced  in   the   rotatory  comb   cutting 
machines  by  Mr.  Lyne,  who  has  also  invented  a  machine  by  which  two  comtn 

are  cut  at  once   out  of  any  tough  material, 

as    horn    or   tortoiseshell ;    tbe  part*   cut 
out  from  between  the  teeth  of  one  comb 
forming  the  teeth  of  the  other  comb  in 
manner  ahewn  iu  the  annexed  diagram ;  by 
which  means  the  waste  of  material  occaaioned 
in  cutting  combs  by  the  ordinary  process  is   l 
nvoided.   Thii  machine  ia  repreaenled  in  the   [ 
accompanying  engraving,  a  a  is  the  frame  of 

'      lever,  which,  by  a  pinion  upon  it*  axil,  gives 


an  alternating  motion  to  the  rack*  cc;  *  ii  th«  cutter  in  it*  carrjage,  which  la 
attached  to  a  strong  helical  apring,  .contained  in  tlie  cylindrical  box,  and  ia 


388  COMBUSTION. 

seen  immediately  orer  it  At  each  extremity  of  the  cutter  is  a  small  chisel 
dd,  wet  upon  sliding  rods,  so  that  their  distance  asunder  may  he  always  equal 
to  the  length  of  the  cutter  e;  these  chisels  make  the  end  cut,  by  which  Uie  teeth 
of  the  one  comb  are  separated  from  the  back  of  the  other  comb.  Beneath  the 
cutters  is  a  traversing  carriage,  upon  which  the  horn  or  tortoiseshell  is  firmly 
secured  by  screws:  it  is  made  hoUow  to  admit  of  a  heated  iron  being 
introduced  within  it,  in  order  to  soften  slightly  the  horn  or  tortoiseshell,  and 
render  it  less  brittle.  This  carriage  is  advanced  along  a  chase  mortise,  fixed 
upon  the  bed  of  the  machine  by  means  of  a  screw,  upon  one  end  of  which  is  a 
ratchet  wheel,  which  is  movea  by  the  compound  levers  i  1 1.  The  fineness  of 
the  teeth  of  the  combs  is  regulated  by  the  teeth  in  the  ratchet  wheel,  which  is 
accordingly  changed  with  the  nature  of  the  work,  and  a  handle  is  placed  on  the 
axis  of  the  ratchet  wheel  for  the  purpose  of  bringing  back  the  frame  after  a 
comb  has  been  cut  The  operation  of  the  machine  is  as  follows : — ^the  alter- 
nating motion  of  the  lever  b  backwards  and  forwards  alternately  raises  and 
depresses  the  racks  ee;  the  horns  or  curved  projections  in  the  middle  of  these 
racks  bring  down  the  nitter  i,  by  which  one  side  of  a  tooth  is  cut,  whilst  the 
extremities  of  the  racks  depress  one  of  the  chisels  d,  which  makes  the  cut  at  the 
end  of  the  tooth.  The  cutter  i  is  returned  durine  the  rise  of  the  rack,  by  the 
spring  contained  within  the  cylindrical  box,  and  toe  chisels  d  by  the  spring  of 
the  rods  upon  which  they  are  set  In  order  to  give  the  tapered  form  to  each 
tooth,  and  to  reverse  them  successively  upon  the  opposite  side  of  each  of  the 
racks  to  that  shown  in  the  en^ving,  is  a  small  inclined  plane  or  cam,  which, 
on  the  descent  of  the  rack  acting  upon  the  vertical  bars// attached  one  to  each 
end  of  the  cutter  frame,  causes  the  cutter  to  change  its  position,  and  to  make 
ansular  instead  of  parallel  incisions. 

COMBUSTION.  The  disengagement  of  heat  and  light  which  accompanies 
chemical  combination.  Combustion  was  for  a  long  time  held  to  be  the  dis- 
engagement or  development  of  a  certain  air  supposed  to  be  contained  in  all 
combustible  bodies,  and  to  which  the  name  of  phlogiston  was  assigned;  and 
bodies  which  had  undergone  combustion  were  said  to  be  dephlogisticated,  or  to 
have  parted  with  their  phlogiston.  This  hypothesis,  notwithstanding  the 
numerous  facts  at  variance  with  it,  and  particularly  the  familiar  one  that 
metallic  oxides  formed  by  combustion  increase  in  weight,  which  could  not  be 
the  case  if  combustion  consisted  in  depriving  them  of  any  substance  previously 
contained  in  them,  was  zealously  maintained  by  many  philosophers  long  after 
the  brilliant  discoveries  of  Scheele,  Cavendish,  and  Priestley,  as  to  the  nature 
of  atmospheric  air,  and  against  the  theory  of  Lavoisier,  founded  upon  these 
discoveries,  and  upon  Dr.  Black's  theory  of  latent  heat.  According  to  the 
tlieory  of  Lavoisier,  the  light  and  heat  emanate  from  the  oxygenous  portion  of 
the  atmosphere  at  the  moment  of  its  fixation  with  inflammable  bodies ;  and 
succeeding  chemists  of  his  school,  enlarging  upon  this  idea,  have  ranged  all 
substances  under  two  classes,  viz.  combustibles,  and  supporters  of  combustion. 
But  this  theory,  although  much  more  consistent  with  most  of  the  phenomena 
of  combustion,  is  still  insufiicient  to  account  for  some  of  them,  and  the  dis- 
tinction between  combustibles  and  supporters  of  combustion  appears  to  be 
altogether  imaginary,  for  one  substance  is  frequently  in  both  capacities,  being  at 
one  time  apparenUy  a  supporter,  and  at  another  time  a  combustible.  Thus, 
sulphuretted  hydrogen  is  a  combustible  with  oxygen,  and  chlorine  a  supporter 
with  potassium ;  and  sulphur,  with  chlorine  and  oxygen,  acts  as  a  combustible, 
but  with  the  metals  it  becomes  a  supporter.  Nor  can  we  iftcribe  the  appearances 
to  an  extrusion  of  latent  heat  in  consequence  of  condensation  :  the  protoxide 
of  chlorine,  a  body  destitute  of  any  combustible  constituent  at  the  instant  of 
decomposition,  evolves  light  and  heat  with  explosive  violence,  and  its  volume 
becomes  one-fifth  greater ;  and  the  chlorates  and  nitrates  in  like  manner  treated 
with  charcoal,  sulphur,  or  metals,  detonate  or  deflagrate,  while  the  volume  of 
the  combining  substances  is  greatly  enlarged.  Neither  can  the  heat  evolved 
in  combustion  be  attributed  to  a  diminished  capacity  for  heat  in  the  resulting 
substances,  for  in  the  greatest  number  of  cases  there  is  no  diminution  of  capacity 
of  the  compounds  formed.      For  example,  the  combination  of  oxygen  and 
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hydrogen,  or  of  sulpbur  and  lead,  produces  no  mater  alteration  in  the  capacity 
of  water,  or  of  the  sulphuret  of  leady  than  toe  combination  of  oxygen  with 
copper,  lead,  or  silver,  or  of  sulphur  with  carbon,  produces  in  the  capacities  of 
the  oxides  of  these  metals,  or  of  carburet  of  su^hur.  The  preceding,  and 
numerous  similar  facts,  prove  that  combustion  is  not  necessarily  dependent 
upon  the  agency  of  oxygen ;  that  the  evolution  of  the  heat  is  not  to  be  ascribed 
simply  to  a  gas  parting  with  its  latent  store  of  that  ethereal  fluid  on  its  fixation 
or  combustion ;  and  that  no  peculiar  substance,  or  form  0(  matter,  is  necessary 
for  producing  the  effect,  but  that  it  is  a  general  result  of  the  actions  of  any 
substances,  possessed  of  strong  chemical  attractions,  or  of  different  electrical 
relations;  and  that  it  takes  place  in  all  cases  in  which  a  violent  motion  can  be 
conceived  to  be  communicated  t6  the  corpuscles  of  bodies.  For  this  view  of 
the  subiect  the  world  is  indebted  to  ftie  masterly  asind  and  deep  and  successful 
researches  of  Sir  H.  Davv.  For  a  cl0kr  and  comprehensive  account  of  his 
experiments  connected  with  this  subject,  together  with  his  inferences  herefrom, 
we  refer  the  reader  \o  Dr.  Ure's  Chen^cal  Dk^onuiry. 

COMPASS.  A  nautical  instniment,  showing  the  direction  in  which  a  vessel 
is  sailing,  or  the  part  of  the  horizon  to  which  her  head  is  directed.    It  consists 
of  a  flat  bar  of  steel,  which  being  repeatedly  rubbed  with  a  magnrt  or  loadstone 
acquires  the  property  of  constantly  taking  a  direction  nearly  corresponding  wi^ 
the  meridian,  when  freely  suspended  mm  a  thread,  or  upon  a  delicate  pivot.  • 
Although  as  important  consequences  hove  ftowed  ftom  toe  invention  of  the 
compass  as  from  any  other  invention  whatever,  the  name  of  the  author  of  it^ 
and  even  the  age  and  country  in  which  it  had  its  origin,  are  points  involved 
ia   the   greatest    obscurity.      In    Europe  we  are  indebted   for  its  use  to 
B.  Givaia,  of  Naples,  who,  towards  the  close  of  the  twelfth,  or  about  the 
commencement  of  the  thirteenth  century,  observed  that  iron  became  polarixed 
by  contact  with  the  loadstone ;  but  most  writers  upon  the  subject  agree  that  the 
compass  was  known  long  before  that  period  to  the  Indians  and  Chinese ;  nay, 
in  Bowles*s  Spirit  of  Marine  Dueaveryy  it  is  attempted  to  be  proved,  by  much 
'^learned  argument,"  that  it  was  known  to  Noah,  and  formed  part  of  the 
equipment  of  the  ark.      The  compass  is  extensively  used  in  surveying  and 
nunmg^  as  well  as  in  navigation ;  but  there  is  in  general  this  difference  between 
them,  that  marine  compasses  have  a  circular  card  divided  into  thirty-two 
parts  or  paints,  and  attached  to  the  needle ;  but  in  those  for  other  purposes 
the  card  is  fixed  to  the  bottom  of  the  box,  which  is  turned  till  the  needle  coincides 
with  the  north  point  of  the  card.    Marine  compasaes  are  usuallv  supported' 
upon  a  pin  of  steel  or  brass,  having  a  fine  point,  working  in  a  socket  of  agate 
let  into  the  centre  of  the  needle  or  magnetised  bar ;  the  pin  is  fixed  into  the 
bottom  of  a  circular  box  or  basin,  which  is  suspended  by  two  pins  turning  in 
holes  in  a  ring  concentric  with  the  circular  box ;  this  ring  again  is  suspended  by 
two  pins  at  right  angles  to  the  former,  the  whole  forming  a  universal  joint 
Besides  die  steering  compass,  there  is  another  one  made  use  of  at  sea,  for 
the  purpose  of  taking  the  sun's  bearing,  in  order  to  ascertain  the  variation  of 
the  compass,  or  the  difference  between  the  true  and  magnetic  north  points,  as 
also  in  taking  the  bearings  of  different  objects  in  marine  surveying ;  this  is 
eaUed  the  aaimuth  compass.   The  card,  besides  the  thirty-two  points,  is  accu* 
lately  dbided  at  the  circumference  into  360  degrees,  and  on  the  opposite  sides 
of  the  compass-box  are  two  sights,  for  taking  accurately  the  bearing  of  an 
object,  and  a  stud  for  stopung  the  card  at  the  instant  the  bearing  is  obtained, 
so  as  to  allow  time  for  reading  off  the  angle.    The  circular  box  is  suspended 
within  a  square  box,  which  latter  is  supported  upon  a  pivot  (on  the  top  of  a 
three-legged  stand),  so  that  the  right  vanes  may  be  turned  to  any  part  of  the 
horizon.     Captain  Phillips,  R.N.  has  taken  out  a  patent  for  an  improved  mode 
of  mountine  ship's  compasses ;  the  object  of  which  is  to  prevent  those  derange*- 
ments  whicn  sudden  concussion  occasions  to  these  instruments,  by  which  the 
card  is  fivquendy  thrown  off  its  central  pivot,  as  is  somedmes  the  case  in  stormy 
weather,  or  from  firing  guns,  striking  of  steam-boat  paddles,  &c.     The  figuie 
in  the  fi>llowinff  page,^V^.  1,  gives  a  vertical  section  of  the  improved  compass,  a 
ia  the  standard  formed  of  a  hollow  tube  which  incloses  a  long  spiral  spring,  resting 
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upon  A  bearing  al  t ;  to  tbii  bearing aie  fixed  tirii  handlei  cc,  by  vliicli  it  majb* 
«kvated  wiUun  die  ilandsrd,  (compreMing  Uic  ^liug.}  uid  the  bearing  may  re«t 
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at  any  01  the  nolehesorreeMWiNae.1,2,3,4,  vhich  are  fanned  in  oppodte  ride* 
of  the  lube,  to  receiTe  the  bandlei  cc.  J  is  a  ihort  solid  cylindrical  piece,  to  fitted 
Into  the  bollow  itandard  as  to  ilide  finely  within  it,  and  reating  upon  the  ipiral 
■pring ;  e  ig  a  cap  fixed  on  to  a  by  a  bayonet  joint,  to  prevent  the  ipring  from 
forcing  the  eliding  piece  dont  of  tbe  itandard;  /ii  the  compau-can),  which 
rciti  upon  the  pivot  g ;  thii  pivot  paasea  through  the  croa*  ban  1 1,  and  the 
lower  end  ii  formed  into  a  i^herical  kuob,  (better  leen  at  A,  Jig.  2,  which 
exhibits  the  same  parti  upon  a  larger  icale).  Thi«  spherical  Iinob  reiti  upon  a 
flat  lurface  of  agate,  cornelian,  or  other  hard  itone  i,  which  lie*  in  a  reccia 
upon  the  lop  of  the  piece  d,  end  ii  kept  in  iti  place  by  the  cap  k  being  icrewed 
down  upon  it ;  the  cap  i  ii  made  coucave  in  the  upper  part  of  it,  to  fit  the 
ipherical  knob,  lo  that  the  latter,  reidng  at  bottom  upon  a  hard  plane,  and 
above  in  its  hemispherical  cnncavitv,  can  turn  fnelf  in  any  direction.  At  n  m 
ii  ehown  (black)  ttie  lection  of  a  leaden  ring,  which  lurroundi  the  compiM- 
boz,  a>  is  ihown  by  the  two  parallel  dottea  linei.  At  n  n  are  two  handles 
fixed  to  the  leaden  ring,  by  which  it  may  be  ihifled  higher  or  lower  on  the 
case,  and  be  fixed  at  any  height  at  pleasure,  by  the  palls  o  o  dropping  into  tha 
racks  pp,  which  are  screwed  lo  oppoeite  sidei  of  the  cose,  g  a  the  steering, 
or  "lubber's  point,"  which  is  suspended  upon  a  movable  joint  r  as  a  centre  of 
motion,  and  oicillatei  ai  a  pendulum,  Thii  centre  being  placed  so  as  to  slide 
between  tvro  vertical  guidei,  it  may  be  raised  or  lowered  at  pleasure,  and  is 
retained  in  its  place  by  the  preuure  of  a  sprine  in  the  centre.     The  lubber's 

Kint  ihould  be  adjusted  lo  as  to  be  even  with  the  upper  edge  of  the  compass, 
,  railing  or  lowering  tbe  centre  r,  and  the  bob  (  should  be  shifted  along  tbe 
rod  uQ^t  it  coincide  with  the  centre  of  the  leaden  ring.  If  tbe  motion  of  tbe 
compaiB-box,  in  a  vertical  direction,  should  be  too  violent,  it  is  to  be  checked 
by  niiring  tbe  handles  c  c  into  one  of  the  notches  1,  S,  3,  4,  as  may  be  required 
hV  circnmslancet.  Tlie  oscillationB  of  the  compass-box  are  regulated  by  ihifting 
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the  leaden  rin^,  raising  it  in  blowing  weather, 
and  lowering  it  in  fine  weather.  It  frequently 
happens  at  sea  that  the  siiu  is  visible,  althougn 
the  horizon  cannot  be  distinguished  for  fog  and 
haze,  in  which  case  it  becomes  impracticable 
to  take  the  sun's  altitude,  in  order  to  determine 
the  ship's  place.    This  circumstance,  at  all 
times  inconvenient,  may,  in  some  situations, 
be  attended  with  the  most  fatal  consequences. 
To  obviate  this  difficulty,  Lieut  G.  Linde- 
Bay,R.N.  proposes  toiake  two  bearings  of  the 
nin,  as  near  noon  as  possible,  noting  the  time 
elapsed  by  a  good  watch,  and  from  these  data 
to  compute  the  sun's  meridian  altitude  in  the 
usual  way,  which  will  eive  the  latitude  and 
apparent  time  at  the  ship;    and  this  latter, 
compared  with  the  Greenwich  time,  will  give 
the  longitude.      For  taking  the  sun's  bearing 
he  proposes  to  attach  to  a  common  compass, 
mounted  on  a  pivot  at  the  summit  of  a  tnpod, 
a  telescope,  turning  upon  a  joint,  and  a  mag- 
nifying glass  to  read  off  the  divisions,   as 
shown  in  the  annexed  diagram.     It  appears 
to  us  that  the  common  azimuth  compass  (with 
which  all  ships  are  or  ought  to  be  provided,) 
will  be  found  much  superior  to  the  above 
contrivance,    by   which    we    fear   it  would 
be    difficult   to   observe   the    bearing   with 
sufficient  accuracy. 

COMPASSES  (Matbbmatical).     Instru- 
ments for  describing  circles,  measuring  lines, 

Ac  They  are  of  various  descriptions;  the  common  consist  of  two  sharp- 
pointed  branches  or  legs,  turning  upon  a  hinge  at  top.  Triangular  compasses 
are  constructed  /is  the  ordinary  compasses,  with  the  addition  of  a  third  leg 
turning  upon  a  universal  joint ;  they  are  used  in  laying  down  places  on  a  churt, 
or  measuring  angles. 

Beam  Compatses  are  for  the  purpose  of  describing  circles  of  considerable 
radius,  and  consist  of  a  straight  bar  of  wood  or  metal,  of  suitable  length, 
furnished  with  a  fixed  point  as  a  centre,  and  a  movable  tracing  point,  wmch 
may  be  set  to  any  required  radius. 

EUip^eal  CompasseSf  likewise  called  a  ''trammel,"  for  the  purpose  of  describing 
ellipses,  consist  of  a  bar  with  a  fixed  tracing  point,  and  two  cursors,  which  can 
be  set  upon  any  part  of  the  bar,  and  which  have  a  sliding  motion  in  two  grooves 
cut  in  a  piece  of  brass,  which  grooves  intersect  each  other  at  right  angles. 

Proportional  Compaues  are  composed  of  two  flat  bars  pointed  at  the  end, 
and  havinf  a  groove  down  the  middle,  in  any  part  of  which  can  be  set  a  steel 

Sivot,  held  fast  by  a  tightening  screw,  by  which  means  the  compasses  can  be 
ivided  into  two  parts,  bearing  any  required  proportion  to  each  other,  and 
which,  turning  upon  the  pivot  in  the  manner  of  a  pair  of  scissors,  the  angles 
at  the  opposite  extremities  will  be  proportional  to  the  length  of  the  respective 
parts. 

COMPOSITION  OF  FORCES  is  the  finding  a  single  force  which  shaU  be 
equal  to  two  or  more  given  forces  when  acting  in  given  directions,  the  principles 
of  which  may  be  thus  illustrated.  If  two  forces,  moving  in  the  direction  of  the 
two  adjacent  sides  of  a  parallelogram  with  velocities  proportional  to  the  lensth 
of  the  sides  of  the  said  parallelogram,  impinge  upon  a  body,  it  will  cause  that 
body  to  move  over  the  diagonal  of  the  parallelogram  in  the  same  time  that 
either  of  the  forces  singly  would  have  impelled  it  along  its  corresponding^  side. 
This  may  be  demonstrated  experimentally  by  an  ingenious  apparatus,  designed 
and  executed  by  Mr.  C.  HoltzapfeU,  of  uharing-cross,  and  which  is  exhibited 
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in  the  annexed  en^aving. 
The  apparatus  consists  of  a 
rectangmar  board,  with  a 
perpendicular  brass  pillar 
nxed  in  one  comer.  Two 
guide  steel  wires  extend 
from  the  flanch  at  the  bot- 
tom to  the  cap  at  the  top, 
and  sufficiently  distant  from 
the  pillar  to  allow  the  two 
ivory  balls  a  and  b  to  descend 
upon  them  without  touching 
the  pQlar.  The  board  is 
made  perfectly  flat,  var- 
nished, and  polished,  and 
when  used,  must  be  placed 
perfectly  level.  At  the  point 
where  twostraight  lines  firom 
the  bottom  of  the  guide  wires  would  meet  and  make  a  rieht  angle,  a  small 
hollow  is  made  to  receive  a  ball  e.  The  weights  of  the  balls  •  and  b  are 
adjusted  to  correspond  with  the  length  of  the  sides  of  the  board ;  so  that  when 
the  ball  a  is  dropped,  it  will  give  an  impulse  to  the  ball  c,  and  send  it  to  the 
end  of  the  board  m  the  direction  of  the  line  d  in  the  same  time  that  the  ball  b 
would  send  it  to  the  edge  of  the  board  in  the  direction  e.  If  now  both  balls  be 
dropped  at  the  same  instant  from  the  same  height,  they  will  propel  the  ball  in 
the  diagonal  c/ of  the  parallelogram  in  the  same  time  that  one  of  them  singly 
would  have  impelled  it  along  one  of  the  sides. 

COMPRESSIBILITY,  m  Philosophy,— ihat  quality  of  a  body  by  which  U 
yields  to  the  pressure  of  another  body,  so  as  to  be  reduced  witnin  a  smaller 
compass.  The  compressibility  of  liquids  is  still  a  matter  of  doubt  with  philo- 
sophers, although  some  consider  the  fact  proved  by  the  enerimentB  of  Mr. 
Canton,  and,  more  lately,  of  Mr.  Perkins.  According  to  the  former  gentkn^w^ 
the  compression  of 
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CONDENSATION.  The  art  by  which  a  body  is  rendered  mve  dense, 
compact,  and  heavy.  Condensation  is  by  most  writers  distingui^d  4wm 
compression,  by  considering  the  latter  as  efiected  by  mechanical  force  or  prea- 
lure,  and  the  former  by  cold»  or  the  abstraction  of  heat 

CONDENSER.  A  vessel  in  which  aqueous  or  spirituous  vapours  are 
reduced  to  a  liquid  form,  either  by  injection  of  a  quantity  of  cold  water,  as  in 
the  condenser  of  a  steam-engine;  or  when  this  is  inadmissible,  as  in  the  case  of 
alcoholic  vapour,  by  placing  the  condenser  in  another  vessel,  through  which  is 
maintained  a  constant  current  of  water,  the  condenser  being  so  constructed  as 
to  expose  the  steam  or  vapour  in  thin  strata  over  an  extended  surbce  to  the 
action  of  the  cooling  medium.  The  condensers  employed  by  distillers  are 
usually  composed  of  a  long  tube  of  pure  tin,  or  of  copper  tinned,  formed  into  a 
series  of  concentric  coils  over  (me  another,  and  from  its  diape  denominated  a 
worm }  this  is  placed  in  a  large  vat,  which  is  called  the  worm-tub.  But  when 
the  distillation  is  carried  on  upon  a  large  scale,  the  worm  is  not  of  a  cylindrie 
section,  as  it  is  not  the  form  which  is  best  adapted  for  the  purnose  of  eonden- 
aation ;  for  on  account  of  the  large  diameter  of  the  tube,  which  then  becomes 
necessary,  that  portion  of  vapour  which  occupies  the  centre  of  the  tube  is  npt 
brought  into  sufficiently  intimate  contact  with  the  cooling  surfaces^  and  there- 
fore either  escapes  condQusation,  or  requires  a  much  laiger  quantity  of  water 
than  would  be  otherwise  necessary.    Vftrious  arrangements  have,  in  coaoe- 
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fOMoe,  be«n  devited  for  pnMSting  the  rapouT  id  extremeljr  thin  itrats,  ki  h 
to  obtain  a  ready  eondniiation  with  the  lesat  quantity  of  water.  One  invented 
bjF  Mr.  Wheeler,  rf  High  Wyeomb,  appean  to  tu  Teiy  judicioiuly  arranged  for 
Oit  purpow;  it  ia  dcDomiiiated  bj  the  inventn  the  ArchimedM'  Condeiuer  aod 

- "m  th    - 

^'     _ 

vapours  enter  into  the  flat  chamben  b  b 
(rapreiented  black).  Theie  ehambeta, 
owio^  to  the  aectionai  view,  tqipear  to 
be  ditcoonected,  but  the;  are  wound 
qtirallj  round  a  central  tube,  and  tenni- 
nate  at  the  cock  e.  There  the  cotidenied 
product*  pan  off;  d  u  »  pipe  leading 
tma  a  reaerroir  of  cold  water  to  the 
bottom  of  the  central  tube,  where  it 
panaa  thnngk  ludea  repreeented  at  ea 
underneath  the  vapour  chamben,  and 
can  only  aacend  in  the  veuel  b;  paninK 
lucceuitrely  through  every  coil,  as  ea^ 
turn  of  ttie  spirar  ii  cooneeted  by  the 
edge  of  one  of  its  plates  to  the  side  of 
the  eraitaining  veetal.  The  water  thus 
beated  ia  il>  progreet  flows  out  at  the 

rtnre  /  into  a  troofh  or  pipe.  By 
arrangement  it  wiU  he  noticed  that 
the  hot  vaponr  or  fluid  i*  constantly 
descending  spindlv  aa  inclined  plane, 
while  the  cold  fiiid  is  constantly  ascend- 
ing, almost  in  eootact  with  the  other,  as 
they  are  only  aepanted  by  a  very  diin 
{date,  formed  of  the  best  conducting 
substance  (copper).  It  will  likewise  be 
evident  that  two  fluids,  one  cold  and  the 
other  hot,  may  thna  be  made  to  exchange  their  temperatures.  Thua,  if  cold 
water  at  A0°  Fahr.  be  admitted  at  the  bottom  of  the  vessel,  it  will,  when  it 
arrives  at  the  top,  be  nearly  of  the  tame  temperature  as  tbe  vapour  or  liquid 

Sf  200°>,  which  entered  at  the  top,  by  having  gradually  abstracted  (he  heat 
in  the  vapour  or  hot  licpiid  in  ita  progresa.  This  being  uoderstood,  it  fbllowa 
that  tbe  latter,  baviiw  graduaUy  parted  with  ill  heat  in  ita  deaoent,  will  bectnnK 
of  tbe  same,  w  neariy  the  same  tenperatnre  at  the  tenninatioD  of  ita  comae 
ai  the  water,  nomcd^  60°,  provided  the  liouids  be  admitted  in  their  props: 
volume,  which  ia  eaady  regulalad  by  tbe  eocu. 

CONE.  A  georoetricaTfigure  generated  by  lb*  revolution  of  a  tight  angled 
triangle  upon  one  of  ita  ibort  ddM,  aa  an  ^ds. 

CONOBLATION.  The  transition  of  a  limid  to  a  solid  state,  in  couaa- 
qoence  of  ttie  abatcaction  of  beat :  thni  ntetaU,  oil,  water,  Eic,  are  said  to 
congaal  when  they  past  from  a  fluid  to  a  solid  state.  With  r^ud  to  fluids^ 
congelation  is  the  same  aa  Fbiiiihd,  wbieb  at*. 

(X)NIC  SECTIONS  are  the  figure*  finrned  by  tbe  cutting  of  a  cone  by  a 
plane ;  tbty  are  five  in  number,  oorretponding  to  the  difibrent  positions  of  the 
cDttinif^ihuM.  When  the  outting^jdaue  pasees  through  tbe  apei  of  the  aon^ 
and  CMDoide*  wUi  Iba  axis,  the  aaetioa  is  a  triaBsle.  When  the  plane  eutt  tlw 
■zii  at  right  ui^ct,  the  atotioD  is  a  drde.  When  the  plaae  cutting  the  axia 
oUiqndy,  and  pawng  thiaugfa  both  aidea  of  the  eone,  tbe  leetian  is  an  elUpaia. 
When  ttie  piana  cnti  &•  axia  in  a  line  nwaUel  to  one  side  of  the  oone,  the 
iaetioD  ia  a  patabda :  and  lastly,  when  the  jdane  either  does  not  out  the  axil, 
or  cutting  itftrms  with  it  an  an^e  less  than  that  formed  by  the  side  with  it, 
tbe  saetion  i*  an  hyperbola.  The  tern  oomo  iedm  ii  aptdiad  more  peculiarly 
to  the  three  bat  figures;  and  the  doctriusa  of  their  several  propertietcoBMituta 
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one  principal  branch  of  geometry,  of  great  importance  in  astronomy  and  many 
other  sciences    See  OsoiiBTaT. 

CONOID.  A  solid  produced  by  the  circumTolution  of  the  section  of  a 
cone  about  its  axis,  and  consequently  may  be  either  an  elliptical  conoid  (other- 
wise called  a  spheroid),  a  hyperbolical  conoid*  or  a  parabdical  conoid. 

CONTRACTED  VEIN,  in  Hydraulics,-^  term  denoting  the  diminution 
which  takes  place  in  the  diameter  of  a  stream  of  water  issuing  from  a  Teasel  at 
a  short  distance  from  the  discharging  a|>erture,  owing  to  the  particles  nearest 
the  periphery  experiencing  greater  attrition  than  the  rest,  and  oeinf  retarded ; 
in  consequence  of  which  the  leaat  diameter  c^  the  stream  is  to  the  diameter  of 
the  orifice,  on  an  average  as  1  to  the  square  root  of  2 ;  and  in  computing 
the  discharge  of  fluids,  tlus  proportion  should  be  substituted  for  the  reu 
aperture. 

CONTRATE  WHEEL,  or  Crowm  Wheel.  A  wheel  in  which  the  teeth  do 
not  radiate  from  the  axis,  but  stand  at  right  angles  to  the  arms^  or  parallel  to 
the  axis.    It  is  chiefly  used  for  clock-work. 

COOLER,  among  brewers,  distillers,  &c.  is  a  large  shallow  vessel  in  which 
liquids  are  exposed  to  cool. 

COOPERING  is  the  art  of  manufacturing  casks,  barrels,  rats,  and  all  kinds 
of  circular  or  elliptic  wooden  vessels,  that  are  bound  together  by  hoops.  There 
are  several  dasses  of  coopers,  some  of  whom  cany  on  their  peculiar  branches 
^distinctly,  whOe  others  embrace  the  general  manufacture  in  one  establishment. 
The  workmen,  however,  generally  confine  themselves  to  the  particular  line  they 
have  been  brought  up  to,  and  m  which  they  are  consequently  moat  expert. 
Thus  we  hear  of  **  butt  coopers,"  "  rundlet  coopers,"  *'  dry  coopers,"  "  white 
coopers,"  and  **  wine  coopers."  The  work  of  the  butt  coopers  chiefly  consists 
in  the  manufacture  and  repair  of  casks  for  breweries,  also  puncheons  and 
hogsheads.  Their  principal  topis  are  very  few,  but  they  use  these  with  so  muck 
dexterity  and  skill  as  to  produce  with  suiprinng  facility  and  dispatch  the  most 
solid,  accurate,  and  substantial  work.  With  an  axe,  an  adxe,  two  or  three 
spoke  shaves,  and  a  bench,  the  cooper  rapidly  gives  a  new  and  perfect  form  to 
tne  material  he  operates  upon,  llie  bencn  consists  simply  of  a  stout  plank  4  or 
6  feet  long,  and  1  foot  wide ;  it  stands  upon  four  feet,  but  considerably  inclined, 
one  end  of  the  bench  being  usually  alx>ut  2  feet  high,  and  the  other  6  or  8 
inches  lower.  On  the  bench  are  fixed  ** stops  "  and  ''xeeps,"  for  the puipose of 
holding  the  staves  or  other  work.  This  cooper  has  also  a  laige  plane,  called  a 
jointer,  which  is  usually  ,/Sce<^  with  its  face  upwards,  and  against  which  he  forces 
the  staves  to  shoot  their  edges  to  a  smooth  surface,  (whether  those  edges  are 
required  straight  or  curved,)  in  order  to  make  the  ''joints  "  or  joinings  of  the 
staves  come  mto  perfect  and  hardly-nressed  contact,  when  they  are  brought 
together  to  form  the  vessel.  To  desenoe  all,  or  even  the  leading  operations,  of 
the  cooper,  would  be  uninteresting,  because  it  is  so  openly  and  universally  pra^ 
tised.  We  shall  therefore  proceed  to  notice,  and  that  bnefly,  the  nature  of  the 
occupations  of  the  other  classes  of  coopers  mentioned ;  and  afterwards  we  shall 
insert  some  patented  improvements  in  the  art,  that  appear  to  be  deserving  of 
notice.  The  rundlet  coopers  make  use  of  the  same  tools,  or  nearly  so,  as  in 
the  branch  of  the  trade  last  described,  but  of  less  dimensions.  Their  work 
consists  chiefly  in  the  manufacture  of  bottles,  and  small  casks,  for  holding  the 
products  of  the  distilleries,  besides  numerous  other  purposes.  The  dry  coopers 
are  employed  in  manufacturing  sugar  hogsheads,  and  casks  of  every  sixe  and 
quality,  for  holding  dry  goods ;  and  as  sudi  vessels  are  seldom  required  air  and 
water-tight,  the  workmanship  is  comparatively  coarse  to  that  of  the  butt  and 
nmdiet  coopers,  and  the  expense  proportionally  less.  The  white  coopers  manu- 
fiieture  all  kinds  of  domesuc  utensils,  such  as  are  used  for  brewing  on  the  small 
scale ;  for  washing  tube,  chums,  pails,  and  a  great  variety  of  other  work.  To 
this  branch  of  coopering  is  frequently  added  the  coarser  kinds  of  turnery  for 
domestic  use.  The  wine  cooper's  business  consists  chiefly  in  the  removal  and 
depositing  of  wines  and  spbit^  which  he  is  enabled  to  efiect  with  greater  securi^ 
and  convenience  than  other  persons,  who  are  not  so  intimately  acquainted  with 
the  nature  and  strength  of  the  vessels  containing  them.    The  beetling,  storing, 
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and  packing  of  wines,  and  other  liquors,  belong  to  thii  branch  of  trade,  besides 
the  making  of  all  repairs  and  alterations  in  the  butts  or  casks  which  may  be 
found  necessary.  Although  the  manufacture  of  backs  and  vats  appears  of  a 
similar  character  to  other  coopering,  yet  it  is  usually  made  a  distinct  branch  of 
business,  and  is  performed  by  persons  who  call  themselves  back  and  vat  makers. 
From  the  variety  of  forms,  and  the  immense  strength  required  for  some  of  the 
backs,  as  well  as  for  the  frame-work  to  support  them,  the  knowledge  and  skill 
of  the  caipenter  is  almost  constantly  required,  and  not  unfrequently  the  aid  of 
the  engineer.  In  America,  and  several  parts  of  Europe,  machinery  has  been 
extensively  introduced  to  facilitate  the  labours  of  the  cooper.  In  181 1,  a  patent 
was  taken  out  by  Messrs.  Flasket  and  Brown  for  the  following  mode  of 
operating ;  and  as  the  exclusive  privilege  granted  to  those  gentlemen  is  expired, 
those  of  our  readers  who  may  be  so  disposed  are  at  liberty  to  adopt  the  mechanism 
employed,  which  is  thus  described  in  Dr.  Gregory's  Mechama, 

"  First,  the  machinery  for  cutting  the  stave  consists  of  a  stout  bench,  having 
a  board  or  platform  annexed  to  it,  capable  of  being  moved  endways,  to  which 
another  board  is  connected,  so  arranged  as  to  be  moved  across  steadQy  by 
racks  and  pinions,  or  screws.  The  last  board  has  a  hollow  part  made  in  it,  in 
which  the  stave-board  may  be  laid,  so  that  one  edge  of  it  may  project  dear 
beyond  the  edge  of  the  first^mentioned  board ;  a  circular  saw  is  placed  either 
above  or  below  the  bench,  having  its  axis  at  right  angles  to  the  line  of  motiou 
of  the  first  mentioned  board,  and  opposed  to  the  direction  of  the  course  of  the 
projecting  part  of  the  stave-board ;  this  curcular  saw  is  made  fiat  when  the 
straight-raged  staves  are  to  be  cut,  and  is  dished,  or  of  a  spherical  shape, 
when  staves  with  curved  edges  are  wanted.  The  board  first  mentioned  is  moved 
either  in  a  right  line,  or  is  made  to  assume  a  curved  course,  by  being  confined 
in  its  motion  by  curved  grooves,  or  by  curved  rods  moving  against  pins ;  and 
by  the  proper  management  of  these  uiding-boards,  the  stave-board  is  cut  by 
the  circular  saw  of  the  shape  desired.  The  machinery  next  used  consists  of 
a  laige  lathe,  in  which  the  cask  is  turned  in  a  vertical  position  when  it  is  of  a 
large  size  (after  it  is  formed  in  the  usual  manner  from  the  staves  prepared  as 
above  described),  being  either  fixed  in  a  great  chuck  placed  benei^h  it,  or  in  a 
cylindrical  cage  which  surrounds  it,  fixed  upon  a  strong  upright  arbor,  and 
revolving  between  collars,  where  it  serves  the  office  of  a  mandrilL  In  this 
lathe  the  chime  and  groove  for  receiving  thp  head  are  turned  in  the  cask  by 
the  application  of  a  proper  tool.  When  the  cask  is  small,  the  cage  is  made  to 
turn  in  a  horizontal  position  instead  of  revolving  vertically.  The  third  opera- 
tion is  to  form  the  head,  which  is  ]finioned  together  as  tunial,  after  having  the 
pin-holes  made  by  piercers  proiectmg  from  the  mandrill  of  a  lathe,  the  dis-- 
tanees  and  depths  of  which  holes  are  correctly  regulated  by  gauges ;  it  is  then 
turned  on  a  flat  revolving  table,  from  which  points  project  to  hmd  it  fast,  and 
against  which  it  is  held  by  another  revolving  piece  that  is  screwed  towards  the 
first,  where  it  is  brought  to  the  proper  size  of  the  cask  b^  fit  tools.  The  fourth 
operation  is  to  turn  the  whole  cask  at  the  outside,  for  which  purpose  it  is  placed 
in  a  large  lathe  between  two  chucks,  made  to  fit  into  the  chines,  and  attached 
to  the  head  by  points ;  and  then  the  surface  of  the  cask  is  turned  smooth  by  a 
spokeshave,  or  ocher  fit  instrument,  held  against  it  by  a  rest  properly  placed  for 
tne  purpose.  The  patentees  bend  their  wooden  hoops  for  their  casks  in  an 
expeditious  manner,  by  fastening  one  end  of  them  to  the  circumference  of  a 
wheel,  and  pressing  them  against  the  wheel  as  it  is  turned  round ;  they  also 
describe  a  method  of  forming  the  projecting  part  in  the  bun^taves  of  the 
small  casks  called  bottles,  by  flat  or  concave  circular  saws,  which  cut  the  face 
of  the  stave  on  each  side  close  up  to  the  projection  ;  and  lastly,  in  giving 
motion  to  this  machinery,  the  inventors  use  any  of  the  usual  first  movers  and 
mill  work  as  may  be  necessary." 

It  is  due  to  Mr.  George  Smart,  of  Westminster  Bridge,  to  state,  that,  for 
some  years  previous  to  the  date  of  the  patent  granted  to  Messrs.  Flasket  and 
Brown,  he  had  in  actual  operation,  on  a  very  extensive  scale,  a  similar  arrange- 

?ent  of  machinery  for  making  small  casks,  particularly  canteens  for  the  army, 
he  saws  and  other  apparatus  were  of  course  more  <&minutive,  but  the  accu- 
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racy  of  their  work  may  be  md^^ed  of  when  il  is  stated  that  there  was  no  oeca- 
aion  to  plane  the  edges  of  the  staves  to  render  the  bottles  wator-dght^  although 
submitted  to  a  severe  test 

COPAL.  A  hard,  shinine,  transparent  concrete  juice,  obtained  from  aa 
American  tree ;  but  which,  uthough  it  is  commonly  considered  a  gum,  has 
neither  the  solubility  in  water  common  to  gums,  nor  the  solubiUty  in  alcohol 
common  to  resins,  except  in  a  very  slight  degree.  It  may  be  dissolved  by 
digestion  in  linseed  ml,  rendered  drying  by  quick  lime,  with  a  heat  very  little 
less  than  is  sufficient  to  boil  or  decompose  the  oiL  This  solution,  diluted  with 
oil  of  turpentine,  forms  a  beautiful  transparent  varnish,  which,  when  properly 
applied,  and  slowly  dried,  is  very  hard  and  durable.  It  preserves  and  gives 
lustre  to  paintings,  and  greatly  restores  the  decayed  oolourss>f  old  pictures,  by 
filling  up  the  cracks,  and  rendering  the  surfaces  of  reflected  light  more 
uniform.  It  has  been  observed  by  Mr.  Slieldrake,  that  if  powdered  copal  be 
triturated  with  a  little  camphor,  it  softens  and  becomes  a  coherent  mass ;  and 
camphor,  added  either  to  alcohol  or  oil  of  turpentine,  renders  it  a  solvent  of 
copal.  Half  an  ounce  of  camphor  is  sufficient  for  a  quart  of  oil  of  turpentme, 
which  should  be  of  good  quality ;  and  the  copal,  about  the  sixe  of  a  walnut, 
should  be  broken  into  small  pieces,  but  not  to  powder.  The  mixture  should 
be  set  on  a  fire,  so  brisk  as  to  make  it  bou  almost  immediately.  The 
vessel  should  be  of  metal,  strong,  with  a  long  neck,  and  capable  of  holding 
about  two  quarts.  The  mouth  should  be  stopped  with  a  cork,  having  a 
notch  cut  in  it  to  prevent  its  bursting,  Mr.  CiH^elius  Varley  (who  has 
bestowed  much  judicious  attention  to  the  preparation  o^ artists'  materials),  states 
that  a  good  copal  varnish  may  be  prepared  by  pouring  upon  the  purest  lumps 
of  copal,  reduced  to  a  fine  mass  in  a  mortar,  colourless  spirits  of  turpentine,  to 
about  one^third  higher  than  the  copal,  and  triturating  the  mixture  occasionally 
in  the  course  of  the  day.  Next  morning  it  may  be  poured  off  into  a  bottle  for 
use.  Successive  portions  of  oil  of  turjientine  may  thus  be  worked  with  the 
same.  Oil  of  lavender  is  stated  to  be  alone  a  solvent  of  copal,  which  is  probably 
owing  to  the  camphor  contained  in  the  former.  Camphorated  oil  of  tuipentine 
will  uso  dissoive  copal,  but  a  mixture  of  camphor  and  alcohol  effects  it  more 
readily. 

COPPER  is  a  metal  of  a  reddish  brown  colour,  hard,  very  malleaUe^  ductile^ 
and  sonorous ;  of  considerable  tenacity,  and  of  a  ^ecific  gravity  from  8.6  to  8.9, 
The  good  qudity  of  copper  is  shown  by  its  capabtlity  of  alloying  silver,  without 
any  diminution  of  its  extensibility  under  the  hammer  or  nailer.  Fot  this  reason 
the  Swedish  copper  has  a  decided  preference  in  the  preparation  oi  the  alloys 
of  gold  and  silver ;  and  its  superior  purity  has  been  found  to  render  it  far  mora 
durable  when  employed  in  the  sheathing  of  ships,  as  well  as  for  many  other 

furposes.  English  copper  u  chiefly  obtained  from  the  mines  of  Cornwall  and 
Devonshire,  whence  it  is  usually  transported  across  the  Bristol  Channel  to  be 
smelted  at  the  coal-works  in  South  Wales.  The  ores  consist  chiefly  of  yellow 
copper  ore,  or  copper  pyrites,  and  the  grey  sulphuret  of  copper.  The  average 
produce  in  copper  is  said  to  be  about  8|  parts  fi*om  100  of  the  ore.  The 
ordinary  processes  of  smelting  consist  of  atternate  calcinations  and  fiisions  in. 
reverbatory  fixmaces  of  the  usual  construction.  The  calcining  fiamaces  are 
furnished  with  four  doors  or  openings,  two  on  each  side,  for  the  convenience 
of  stirring  the  ore  and  drawing  it  out  of  the  furnace.  They  are  commonly 
from  17  to  19  feet  in  length  (torn  the  bridge  to  the  flue,  and  fi!om  14  to  16 
feet  in  width,  with  a  fire-place  6  feet  by  3.  The  melting  furnaces  are  usually 
about  one-third  the  area  of  the  calciners,  but  their  fire-places  are  nearly  aa 
large,  and  they  have  only  one  door,  and  that  in  front  The  charge  of  ore  for 
a  calcining  furnace  usuaUy  consists  of  about  3  tons,  which  is  uniformly  di»- 
tributed  over  the  bottom «  When  charged,  the  heat  is  gradually  increased 
during  twelve  hours,  until  near  the  point  of  fusion,  when  the  ore  is  discharged 
through  holes  in  the  bottom,  and  is  suffered  to  lie  underneath  until  it  is  suffi* 
ciently  cool  to  be  removed.  With  this  calcined  ore,  which  is  in  the  form  of  a 
black  powder,  the  melting  furnace  is  charged,  by  spreading  it  over  the  bottom 
tiiereof.     A  few  slags  from  the  previous  fhstons  are  added,  and  the  door 
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is  doted  and  luted.      When  brought  into  Aision,  the  liquid  mass  is  well 
stirred,  and  the  oxides  and  earthy  matters  which  float  at  the  top  are  skimmed  off 
through  the  front  door  b^  the  smelters.   When  this  first  mass  of  metal  has  been 
freed  from  the  last-mentioned  impurities,  the  smelter  lets  down  into  the  furnace 
a  second  charge  of  calcined  ore,  and  proceeds  with  it  in  the  same  manner  as 
with  the  first,  repeating  the  charges  until  the  furnace  will  hold  no  more,  when 
a  tapping-hole  made  in  the  side  of  the  furnace  is  opened,  and  the  metal  runs  ^ 
through  It  into  a  pit  filled  with  water,  which  causes  the  metal  to  become  granu- ' 
lated,  in  which  state  it  contains  about  one-third  part  of  copper.     The  slags 
which  have  been  cast  in  sand-moulds,  are  aiUrwards  broken  to  ascertain  if 
they  contain  any  metal ;  the  pieces  that  do  are  then  remelted  to  separate  it. 
When  the  ores  are  difficult  of  fusion,  some  fluor  spar  is  added  to  the  charge. 
The  coarse  metal  obtained  by  the  preceding  process  is  then  calcined  by  a  simUar 
treatment  to  that  which  the  ore  received.    To  oxidize  the  iron  with  which  the 
copper  is  contaminated,  the  charge  is  allowed  to  remain  twenty^four  hours  in  the 
furnace,  where  it  is  repeatedly  stirred  and  turned.    The  metal  thus  calcined  is 
then  to  be  melted  agam  with  some  slags  from  the  previous  melting,  to  which 
may  be  added  some  jneces  of  furnace  bottoms,  which  are  impregnated  with  the 
metal.     The  slags  from  this  operation  are  also  skimmed  off;  they  have  a  great 
specific  gravity,  being  composed  chiefly  of  Uie  oxide  of  iron ;  they  fuse  readily, 
and  act  as  fluxes  to  reduce  further  portions  of  the  ore.    The  metal  obtained 
from  the  second  operation  of  the  melting  fiimace,  after  the  slag  has  been 
separated,  is  tapped  off  either  into  sand-moulds  or  into  water.     In  the  former- 
plan  the  product  is  collected  in  a  mass,  and  is  called  lAne  meUd;  in  the  latter  it 
becomes  granulated,  and  is  denominated  fine  metal.     The  quantity  of  pure 
copper  these  products  contain  is  about  60  per  cent  The  subsequent  calcination 
and  fusion  of^  these  last  products  is  conducted  by  a  repetition  of  the  operations 
described ;  and  the  result  of  this  third  melting  are  pigs  containing  from  80  to 
90  per  cent  of  pure  metal.    The  fourth  process  is,  for  the  most  part,  an 
oxidixing,  or,  as  it  is  called,  a  rooiting  of  the  pigs  obtained  in  the  thinL    For 
this  purpose  the  furnace  is  filled  with  tiie  piss  to  the  extent  of  25  or  30  cwt 
whicn  are  exposed  to  the  action  of  the  air,  wnile  Uie  heat  is  graduslly  increased 
to  the  melting  point,  which  fiusilitates  the  eiqNilsion  of  the  rolatile  matters,  and 
oxidises  the  iron  or  other  metallic  substances  that  may  remain.    This  operation 
is  continued  from  12  to  24  hours,  according  to  the  degree  of  purity  of  the 
pigs  when  put  into  the  fiimace ;  and  when  completed,  the  metal  is  brought  to 
a  state  of  fusion,  and  run  out  into  sand  beds.    The  ebullition  of  the  metal 
arising  from  the  extrication  of  the  expanded  air  from  the  sand  under  the 
metal,  caused  the  latter  to  assume  in  cooling  a  honey-comb  texture  internally, 
wiUi  a  blistered  surface;  and,  from  this  latter  appearance,  such  copper  is 
denominated  hligiered  copper.    The  copper  in  this  stage  being  freed  from  its 
more  abundant  contaminations  is  ready  for  the  refining  furnace,  which  is  of  a 
similar  construction  to  the  melting  nimace,  only  that  the  bottom,  instead  of 
beine  of  fire-brick,  is  a  bed  c^  sand,  laid  to  ineune  to  the  furnace  door,  near 
to  wnich  a  pool  is  formed  for  tiie  purpose  of  lading  out  the  refined  copper. 
The  furnace  is  charged  with  firom  Uiree  to  ^y^  tons  of  the  blistered  pigs ;  the 
heat  applied  to  them  is  at  first  moderate,  and  air  is  admitted  so  as  to  continue 
the  oxidationi  should  the  metal  not  be  quite  fine.    When  this  charge  is  fused, 
and  tbe  slags  skimmed  ofi|  an  assay  is  taken  by  the  refiner  with  a  small  ladle, 
and  the  metal  broken  in  a  vice.  From  the  appearances  of  the  metal  both  in  and 
out  of  tiie  furnace,  the  refiner  judges  whether  it  is  in  a  sufficienUy  forward  stato 
to  undergo  the  toughening  process ;  previous  to  which  the  copper  is  of  a  deep 
red  colour,  inclining  to  purple,  with  an  open  crvstalline  structure.    In  the  pro- 
cess of  toughening,  the  surface  of  the  metal  is  first  covered  over  with  charcoal ; 
a  pole,  commonly  of  birch,  is  then  held  in  the  liquid  metal  in  the  fiimace,  which 
causes  considerable  ebullition,  owing  to  the  evolution  of  gaseous  matter ;  and  this 
opmticm  ci  poUng  is  continued  with  Uie  occasional  addition  of  firesh  charcoal, 
until  the  quauty  of  the  assays,  which  the  refiner  takes  from  time  to  time,  attain 
the  required  degree  of  purity  indicated  by  the  polished  silky  appearance  of  the 
metal  whea  cut  half  way  through,  the  light  red  colour  of  it  when  broken,  and 
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tbe  doeenatt  of  die  gnin.  After  thii  a  trial  of  the  maDeabflity  of  tlie  eopper 
is  made  by  taking  out  a  nnall  qnanthj  in  a  ladle,  catting  tt  in  a  metaUic 
mould,  and  then  hraunering  it  out  upon  an  anTQ :  if  it  does  not  cnck  at  the 
edges  hy  this  operation^  it  is  deemed  in  a  fit  state  to  be  withdrawn  fiom  the 
ftinoce,  which  is  done  by  lading  it  out  and  casting  it  into  rectangular  cakes^  12 
inches  wide  by  18  inches  lon^.  In  pniparing  copper  for  the  manufiMSture  of 
farassi  it  is  usual  to  granulate  it  by  pounng  the  hot  metal  through  a  colander 
placed  orer  a  eutem  of  cold  water,  which  causes  the  drops  of  metal  to  assume 
oy  contact  with  the  cold  fluid,  a  ragged  appearance,  and  to  whieh  the  name  of 
fetUMertd  tkot  is  giren  in  the  trade.  For  mddng  brass  that  is  to  be  drawn  into 
wire,  the  same  process  as  the  last  is  employed,  except  that  the  metal  is  poured 
into  hot  water ;  the  drops,  in  consequence,  take  an  oblong  form,  and  are  hence 
termed  hetm  shot.  In  granulating  copper,  it  should  be  poiued  into  the  water  by 
small  quantities  at  a  time  to  prevent  ezolooions.  A  considerable  quantity  <m 
copper  is  exported  by  the  East  India  Company  under  the  denonunation  of 
Japan  copper.  It  is  cast  in  small  sticks  about  six  inches  long,  and  wei^iing 
about  half  a  pound  each.  It  is  of  a  rich  red  colour,  caused  by  throwing  the 
cast  sticks,  as  soon  as  they  have  become  solid  in  their  moulds,  into  water. 
Copper  unites  readily  with  several  of  the  metals.  Its  combbiatioD  with  tin  ia 
efimed  at  a  less  heat  than  is  necessary  to  melt  the  copper ;  on  which  circum- 
stance is  flprounded  the  method  of  tinninff  copper  yessels.  For  this  puifNOse 
they  an  first  scraped  or  scoured,  and  afterwards  rubbed  with  sal  ammoniac 
They  are  then  heated  (usually  over  a  diarooal  &n)f  and  sprinkled  with  pow- 
dered resin,  which  defends  the  clean  surface  of  the  copper  firom  acquiring  the 
alight  film  of  oxide  that  would  prevent  the  cohesion  or  the  tin  to  its  sumce. 
TSb  melted  tin  is  then  poured  into  the  vessels,  and  spread  about  An  extremely 
amall  quantity  adheres  to  the  copper,  which  is  supposed  to  be  sufficient  to 
prevent  the  noxious  effects  of  the  copper.  When  tm  is  mdted  with  copper, 
It  forms  the  ancient  compound  termed  bronie,  the  specific  gravity  of  whicn  is 
remarkable  for  being  greater  than  would  be  dedueea  by  computation  from  the 
bulks  and  snecific  gravities  of  its  component  parts.  The  uses  of  this  hard, 
sonorous,  ana  durabfe  composition,  in  the  fabrication  of  cannon,  beUa,  statues, 
and  otiier  articles^  an  weU  known.  The  ancients  made  cutting  instruments  of 
this  alloy.  A  dtfger  analysed  by  M.  Hielm  consisted  of  83|  copper,  and  16{ 
tin.  Copper  mules  with  bismuth,  and  forms  a  reddish  wnite  alloy.  Witii 
araenio  it  forms  a  white  brittle  compound  called  tombac  ;  with  sine  it  fbims 
the  important  compound  called  brass ;  and  it  is  distingnished  by  various  otiier 
names,  according  to  the  proportions  of  the  two  ingrements.  Jtt  is  not  easy  to 
unite  tiiese  two  metab  in  considerable  ouantities  by  fusioii,  because  the  sine  n 
volatiKied  at  a  heat  inferior  to  that  which  is  required  to  melt  the  copper,  but 
tiiey  unite  very  well  in  the  way  of  cementation.  There  an  various  ways  of 
uniting  granulated  or  small  pieces  of  copper  with  sino^  but  the  fiiUowing  is  the 
ordinaiy  method  adopted  in  tills  oountrr.  Calamine,  which  is  an  on  of  smc, 
is  calcined  in  a  kUn,  or  made  ret  hot,  then  ground  to  powder,  sifted  fine^  and 
mixed  with  pound  charcoal,  as  the  calamme  is  apt  to  clod  and  prevent  an 
uniform  admixture.  About  seven  pounds  of  calamme  an  put  into  a  melting 
pot  of  about  a  gallon  content,  to  which  an  added  about  nve  pounda  of  the 
mnulated  copper;  tiie  calamine  must  be  mixed  with  as  much  charcoal  as  will 
W  tiie  pot^  ana  the  copper  must  lie  uppermost  This  is  let  down  with  tongs 
Into  a  wind  fbraace,  8  feet  deep^  when  it  remains  11  hours.  One  furnace 
usually  holds  eight  pots  arranged  in  a  eirde  round  a  pate.  By  tiie  heat  the 
sine  liecomea  nvivra,  rises  in  vapour,  and  combmes  with  the  copper,  which  it 
oofiverts  into  brass.  Towards  me  end  of  tiie  process  the  heat  is  suddenly 
raised,  which  causes  the  bnss  to  melt  and  occupy  the  lower  part  of  the 
oracible.  After  melting  it  is  cast  into  plates  or  ingots  fo  use,  as  it  is  required. 
The  following  metiiod  of  making  brass,  mentioned  bv  Cramer,  is  recommended 
by  the  scientific  Dr.  Un.  The  powdrnd  calamine  being  mixed  witii  an  equal 
quantity  of  charcoal,  and  a  portion  of  day,  is  to  be  rammed  into  a  melting 
vessel,  and  a  quantity  of  copper,  amounting  to  two*thirds  of  the  weight  m 
eaUunine,  must  be  placed  .on  the  top,  and  covered  with  charooaL    By  this 
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method  the  volatOe  sine  aacends  and  converti  the  copper  into  brat8|  which 
flows  into  the  rammed  day ;  conaequentlj,  if  Uie  calamine  contain  lead«  or 
any  other  metal,  it  will  not  enter  into  bran,  the  sine  alone  being  nueed  by  the 
heat  Copper  unites  readily  with  anthnony,  a  compound  of  «  beautiful  violet 
colour.  It  does  not  readily  unite  with  manganese.  With  tungsten  it  forms  a 
dark  brown  spongy  alloy,  which  is  somewhat  ductile.    See  Allot. 

COPPERAS.  A  name  apparently  given  by  persons  ipiorant  of  its  true 
nature,  to  the  sulphate  of  iron,  obtained  by  the  decomposition  of  iron  pyrites. 
The  English  copperas,  or  green  vitriol,  as  it  is  also  called,  is  made  from  the 
natural  combination  of  iron  with  sulphur,  known  in  ih»  various  places  where 
they  are  found,  by  the  several  names  of  cojpperas  stones,  horse  gold,  gold 
stones,  &c  These  are  collected  in  great  quantities,  and  laid  in  heaps  about  two 
feet  thick,  upon  a  clay  floor,  sunounded  ny  boards,  that  direct  the  rain  water 
that  falls  upon  them  to  flow  into  a  dstem.  The  clay  floors  at  some  works  are 
100  feet  long,  15  broad  at  top,  but  narrowine  to  12  at  bottom,  as  they  shelve 
gradually  to  allow  the  water  to  run  off  easier.  The  dstem  usually  contains 
about  100  tons  of  water.  The  copperas  stones  lie  6  or  6  years  before  they 
yield  a  strong  liquor.  The  sun  and  rain  are  found  to  be  the  proper  agents;  and 
that  other  water,  although  prepared  by  es^xMure  to  the  sun,  and  sprinkled  on 
them,  onl;f  retards  the  produce.  After  a  time  these  stones  change  to  a  vitriolic 
earth,  wmch  swells  and  ferments  like  leavened  dough.  When  a  new  bed  is 
made,  the  work  is  hastened  bv  mizinff  a  good  quantity  of  the  old  fermented 
earth  with  the  new  stones;  and  when  this  luu  come  to  perfection,  it  is  refreshed 
every  fourth  ^ear  by  a  lajer  of  fresh  copperas  stones  on  the  top.  The  copperas 
water  is  considered  rich  if  it  weigh  fourteen-eightieths  more  tnan  water.  The 
copperas  liquor  is  boiled  in  leaden  vessels,  containing  about  twelve  tons.  About 
a  cwt  of  old  iron  is  put  into  it  at  first,  and  more  added  as  it  dissolves^ 
amounting,  in  one  boiling,  to  about  15  cwt  Fresh  water  from  another  boiler 
is  added  to  supply  the  loss  from  evaporation.  When  the  boiling  is  finished, 
(which  is  determined  by  the  deoosition  of  ciystab  in  a  litde  earthen  vessel, 
after  a  small  quantity  has  been  allowed  to  cool  therein,)  the  liquor  is  drawn  off 
into  a  tanas  cistem  20  feet  long,  5  feet  dera,  9  feet  over  at  top,  but  tapering 
towards  the  bottom,  where,  being  left  for  a  rortnight  to  cool  and  crystaUiie,  the 
remaining  liquor  is  drawn  afl^  and  is  reserved  for  boUing  with  new  liouor. 
At  the  M>ttom  and  sides  of  the  cistem  or  coolers  there  is  usually  a  crystalline 
deposit  5  inches  thick, — that  at  tlie  sides  being  of  a  bright  colour,  while  that  at 
the  bottom  is  foul  and  dirty.  At  some  woru,  instead  of  putting  all  the  iron 
into  the  boiler,  a  portion  of  it  is  added  to  the  liquor  in  the  cistem  before 
boiling.  When  the  pyrites  is  too  abundant  in  sulphur,  and  does  not  alter  by 
exposure  to  the  weather,  it  is  usual  to  roast  it  in  piles  to  drive  off  the  >up^ 
abundance ;  and  when  the  sulphur  b  required  as  a  separate  product,  to  oistil 
the  pyrites  in  close  vessels.  Copperas  is  also  formed  by  simply  exposing  some 
kinos  of  bituminous  earth  to  air  and  moisture,  firom  which  the  crystals  are 
afterwards  obtained  by  washmg.  The  French  also  manufacture  copperas  by 
dissolving  old  iron  in  weak  sulphuric  aci^  and  crystalliidng  the  soltttion. 
Copperas  ciystallizes  in  the  form  of  rhomboidal  prisms,  which  are  transparent 
ana  of  a  beautiful  green  colour.  Its  taste  is  harsh  and  s^tic ;  it  reddens 
vegetable  blues ;  two-thirds  of  cold  water,  or  ihree-fiiurths  of  boilmg  water, 
dinolve  it  A  moderate  heat  cakines  and  whitens  copperas^  by  drivine  off  the 
water  of  crystallization ;  a  mater  heat  expels  the  sulphuric  acid.  Its  con* 
sUtuents,  accordmg  to  BenSius,  are  28.9  acid,  28.3  protoxide,  and  43  water; 
according  to  Mr.  Ferret,  1  prime  add,  2  oxide^  and  7  water.  The  chief  uses 
of  copperas  are  the  making  of  ink  and  in  dying. 

COPYING  PRESS.  A  machine  for  speedily  prodndng  a  &c-simile  copy 
of  any  manuscript  recently  written.  The  methoid  is  to  place  over  the  letter  a 
sheet  of  thin  damp  paper,  and  subject  them  both  to  the  action  c^  the  press,  by 
which  means  a  portum  of  the  ink  is  transferred  firom  the  manuscript  to  the  damp 
paper.  When  letters  are  intended  to  be  copied  by  this  means,  it  is  usual  either 
to  make  use  of  a  kind  of  ink  expressly  prepared  for  the  purpose,  or  to  add  a 
portion  of  sugar  to  the  common  wiitmg  ink.    The  presses  are  variously  con- 


ttnided  1  bnt  the  icnw  preta,  now  no  common  in  mnelianU'  o 
i«  the  invention  of  the  ceUbrBted  Jama  Watt,  who  obtained  •  patent  for  it 
'  '   '  ""  '  '  ti  Nn  improvement  upon 

a  the  bed  of  tba  pren ; 


b  the  platten ;  c  e  handlei  which  revolve  on  the  Mrew  li,  and  are  ued  to  dranr 
down  the  plallen  on  the  paper,  &c.  [Jaeed  underneath ;  <  is  a  iquare  piece  of 
■teel  in  which  the  icrew  worki ;  the  iquare  |Hece  ilidea  in  a  hoJe  of  a  similar 
figure  on  the  head  of  the  pTe■^  (aaibownh;  the  dotted  line*  at/),, and  on  the 
top  of  it  i«  a  imall  cam  g,  operated  upon  bj  the  lever  h.  The  ordinary  pressure 
is  given,  aa  usual,  by  the  screw ;  and  the  cam  being  subsequently  brought  down, 
increases  the  force  ahnost  to  infinity  through  a  very  small  space,  and,  cou- 
sequentlv,  by  such  s  press,  a  person  exerting  oolj  we  usual  force  can  print 
effectuslly  a  laiger  surfdce.  The  other  atrangemeuts  will  be  evident  upon  an 
inspection  of  the  drawing. 

A  very  simple,  and,  at  the  same  time,  eSeetual,  copying  machine  may  ha 
made  as  follows  :  Take  a  rollet  of  beech,  or  any  bard  wowl,  about  18  inches 
long,  and  1  inch  in  diameter,  and  having  cut  a  longitudinal  slit  therein  nearly 
the  whole  length,  insert  in  it  and  fasten  vely  neatly  with  glue  a  slip  of  strong 
cloth,  about  14  inches  wide,  and  18  inches  long;  the  remaining  part  of  the 
roller  will  serve  as  a  handle,  and  may  be  cut  with  several  laces  to  obtain  a 
Grmer  hold.  To  uie  this  copying  press,  lay  the  «beet  of  paper  on  which  the 
letter  is  written  upon  the  stnp  of  clotli ;  on  that  place  the  thin  copying  paper, 
and  upon  these  lay  a  tliiak  baize,  or  horse-hair  pad ;  then  roll  the  whole  round 
the  roller,  and  grasping  that  part  where  the  doth  is  with  the  left  hand,  turn  the 
roller  round  with  the  right,  gradually  increasing  the  grasp  with  the  left ;  the 
pressure  becomes  very  great,  and  quite  sufficient  to  transfer  the  letter  to  the 
copying  paper. 

CORAL,  and  Coral  FisHiav.  The  substance  called  coral  was  formeriy 
considered  to  be  of  vegetable  origin,  but  it  is  now  admitted  to  be  of  animu 
origin,  belonging  to  the  order  Zoophytes:  by  analysis  it  is  found  to  consist 
almost  wholly  of  animal  matter  and  carbonate  of  Ume.    The  coral  pltaU,  (as 
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they  are  termed)  sometimef  shoot  out  like  trees  without  leaves  in  winter;  they 
often  spread  out  a  broad  surface  like  a  fan,  and  not  uncommonly  a  large  bundling 
head  lilce  a  fagffot ;  sometimes  they  are  found  to  resemUe  a  plant,  with  leares 
and  flowers,  and  often  the  antlers  of  a  stag,  with  great  exactness  and  resulariQr. 
If,  in  our  researches  after  the  nature  of  these  plants,  we  should  be  induced  to 
break  off  a  branch  of  the  coraline  substance,  and  observe  it  carefully,  we  shall 
perceive  its  whole  surface,  which  is  very  nigged  and  irr^ular,  covered  with  a 
mucous  fluid,  and  almost  in  every  part  studded  with  httle  jell^-like  dro^ 
which,  when  closely  examined,  wiU  be  foiud  to  be  no  other  than  msects  of  tne 
polypus  kind.  If  a  coraline  plant  be  strictly  examined  whilst  growing  in  the 
sea,  and  the  animals  upon  the  surface  be  not  disturbed,  either  by  the  agitation 
of  the  waters  or  the  touch  of  the  observer,  the  little  polypi  will  wen  be  seen  in 
infinite  numbers,  each  issuing  from  its  cell,  and,  in  some  kinds,  the  head 
covered  with  a  little  sheU  resembling  an  umbrella,  the  arms  spread  abroad  in 
order  to  seize  its  prey,  while  the  hinder  part  still  remains  attached  to  iti 
habitation,  whence  it  never  wholly  removes.  By  this  time  it  is  perceived  that 
the  number  of  its  inhabitants  is  infinitely  greater  than  was  at  first  suspected ; 
that  they  are  all  assiduously  employed  in  the  same  pursuits  f  and  that  they 
issue  from  their  respective  cells,  and  retire  into  them  at  pleasure.  The  true,  or 
red  coral,  was  considered  b^  Linnssus  as  an  isis,  and  arranged  as  such  in  the 
Smtema,  though  Linnseus  himself  acknowledged  to  Mr.  Ellis,  the  author  of  the 
Natural  HUtory  cf  Zoophyte$^  that  the  latter  had  more  properly  classed  it  mth 
the  gorgonia,  or  sea-fan.  The  red  coral  grows  in  an  exposed  and  somewhat 
flattened  form,  with  dichotomous^branches,  that  lessen  towards  their  extremities. 
The  flesh  is  of  the  eolour  of  red  lead,  or  inclining  to  vermilion,  soft,  slippery, 
and  friU  of  minute  vessels.  The  mouths  are  plac^  on  the  sui&ce,  and  rise  up 
in  a  conical  form,  consistinff  of  eight  valves,  just  opening,  whence  proceed  polypi 
of  a  white  colour,  with  einit  daws,  each  of  which  has  a  double  fibre  at  boui 
edges.  The  bone,  or  sheU  itself,  divested  of  the  flesh,  is  the  true  coral  of  the 
shops,  and  which,  in  its  natural  state,  is  of  a  strong  texture,  and  of  a  bright  red 
colour,  with  the  outride  marked  with  minute  furrows,  or  irregular  stnations, 
interspersed  with  a  few  slight  depressions,  corresponding  with  the  situation  of 
the  shells  before  the  flesh  was  removed.  The  coral  fishery  is  a  very  lucrative 
employment  The  time  for  fishing  is  firom  April  to  July ;  the  places  are  the 
Persian  Gulf,  the  Red  Sea,  the  coasts  of  Africa,  towards  the  bastion  of  France, 
the  isles  of  Majorca  and  Corsica,  and  the  coasts  of  Provence  and  Catalonia. 
SpaUanzini,  in  his  Travel*  in  the  7\do  SmUeiy  has  particularly  described  the 
coral  fisherv  in  the  Strait  of  Messina.  The  instrument  by  which  they  force  the 
branches  of  coral  from  the  rocks,  is  formed  with  two  poles  of  wood,  crossing 
each  other  at  right  angles,  and  having  a  piece  of  net  fastened  on  the  under  ride 
to  their  extremities.  A  large  stone  is  fixed  where  the  poles  are  crossed,  that  the 
instrument  may  more  readily  sink  to  the  bottom.  A  cord  is  strongly  tied  round 
the  middle  of  it,  one  end  of  which  the  fisherman  holds  in  his  hand,  ffuidinff  bv 
it  the  net  to  those  places  where  the  coral  is  supposed  to  grow,  and  whicn  is 
enclosed  in  the  pieces  of  the  net,  broken  off  and  drawn  up.  The  rocks  which 
produce  the  coral  are  situated  almost  in  the  middle  of  the  Strait,  at  different 
depths,  from  350  to  650  feet.  The  bottom  and  caverns  of  the  rocks  are  the 
places  from  which  they  endeavour  to  brin£  up  the  coral  in  their  nets,  and  it  is 
a  constant  observation,  that  every  branch  is  nerpendicular  to  the  plane  on 
which  it  erows,  without  ever  tumine  on  one  ride.  The  coral  fishermen  have 
divided  the  whole  track  in  which  tney  fish  into  ten  parts.  Every  year  they 
fish  in  only  one  of  these  parts,  and  do  not  fish  in  it  asain  till  ten  years  are 
elapsed.  This  interval  of  ten  years  they  think  necessary  for  the  coral  to  acquire 
its  full  growth  in  height  and  consistence.  When  they  transgress  this  law  they 
find  the  coral  smaller  and  of  less  consistence ;  and  the  intensity  of  the  colour 
is  always  in  proportion  to  the  number  of  years  they  have  desisted  from  fishing. 
'  CORK.  The  bark  of  a  tree  growing  wild  in  the  southern  parts  of  Europe, 
especially  in  Spain  /ind  Portugal.  When  the  tree  is  about  fifteen  years  of  age, 
it  may  be  barked ;  and  the  operation  may  be  repeated  for  several  years,  tne 
bark  growing  again,  and  its  quality  improving  as  the  age  of  the  tree  mcreases. 
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It  is  chMfly  ated  for  fimiiiig  aloppen  for  bottlM,  and  floats  lor  fislieniicii'o 


CORN.  A  general  nawiii  for  the  various  kindi  of  grain  which  lenro  as  food  for 
man  or  <ahmt  animala ;  thus  wheat,  rye,  barley,  maiae^  &c.,  are  comprehended 
under  the  lerm  com.  In  England,  however,  it  is  usually  understood  to  signify 
mkmU;  in  America  and  UMst  parts  of  the  world*  the  tenn  implies  maiae,  or 
Indian  oom*  Owing  to  adventitious  or  natural  ciwcwmstancea,  com  is  fre- 
quently combined  with  a  varied  of  impurities  denominated  smut-ball,  dust- 
brand,  pepper-brand,  mildew,  must,  besides  a  portion  that  u  decayed  or 
partially  eaten  by  inseots ;  there  is  also  frequently  a  mixture  of  gravel,  earth, 
and  dimnent  foreign  aubetanoes,  to  a  greater  or  leas  extent  To  Soe  com  from 
these  impurities,  numerous  machinea  have  been  designed,  but  their  effec- 
tiveness has  proved  so  limited  or  partial,  aa  to  cause  them  to  be  very  little 


employed ;  and  damaged  or  impure  com,  in  consequence^  poss<^sscs  a  value 
in  the  market  far  below  what  its  mtrinsic  worth  would  be  considered  were  there 
known  some  simple  and  chej^  process  for  separating  effectually  the  good  from 
the  bad.  An  apparatus  to  this  purpose  wa%  however,  very  recently  patented, 
which,  in  our  opinion,  is  calculated  to  supply  the  desideratum  in  that 
important  bnmeh  of  art,  the  experiments  alreaay  made  with  it  having  proved 
highly  satisfactory.  We  make  the  following  abstract  from  the  specincation 
(leaving  out  the  references  to  the  drawing),  which  embraces  other  mechanism 
and  processes  immediately  connected  with  &e  subject  under  consideration. 

iMerti  Patemt  Seouri^t  WMimg,  and  SefortUmg  Maekmt,  This  apparatus 
**  u  brought  into  use  whenever  the  adventitious  or  impjire  matter  cannot  be 
effectually  removed  by  sifting  or  other  dry  deration.  The  grain  to  be  washed 
I  deposit  on  a  floor  in  the  upper  part  of  a  buil^ng,  and  contiguous  to  a 
hopper  that  is  fixed  to,  and  passes  through  a  cavity  in  ihp  floor.  Near  to  this 
hopper  I  also  collect  a  he^  of  very  coarse  sharp  sand  (fragments  of  buhr 
stones  answer  well),  which  has  been  previously  well  washed  and  sifted,  so  as  to 
detain  onlv  those  particles  whicb  measure  firom  a  sixteenth  to  a  thirtieth  part 
of  an  incn  in  diameter,  and  to  free  it  from  those  which  are  either  coarser  or 
finer.  Into  the  said  hopper  I  then  throw  a  charge  for  the  scouring  cylinder 
(siUuted  undemaath  it  on  the  next  floor) ;  the  cham  consisting  of  a  mixture 
of  Uie  grain  and  coarse  sand,  in  the  proportion  of  about  five  shovelsfoU  of 
the  gram  to  one  of  the  sand  in  its  wet  state.  The  length  of  the  scouring 
cyliimer  should  be  proportioned  to  the  magnitude  of  the  ooerations  intended  to 
M  condiwted  by  it;  but  its  diameter  should  not  be  less  tnan  30  or  36  inches^ 
in  order  that  the  pressure  of  the  superincumbent  nortion  upon  the  lower  may 
cause  Uie  sharp  angles  of  the  interposed  coarse  sana  to  scour  off  the  impurities 
adhering  to  the  surfaosa  of  the  gram.  A  slow  rotation  of  the  cylinder  for  a 
fow  minutea  will  in  general  sumce  to  complete  this  part  of  the  process ;  the 
state  of  whiob  may  at  any  time  be  ascertained  by  drawing  out  a  sample  of  the 
grain  through  a  try-hole,  made  in  one  of  the  flat  ends  of  the  cylinder,  and 
provided  with  a  stopper.  When  completed,  the  door  in  the  cylinder  is  to  be 
unfostened,  and  the  mixed  materials  are  to  be  discharged  into  a  large,  fla^ 
rectangular  sieves  suspended  underneath  it,  and  lying  submeiged  in  a  large 
body  of  water  contained  in  a  bath.  This  bein^  done^  the  c^inder  is  to  be 
turned  half  way  round  upon  its  axi%  so  as  to  bni^g  the  open  doorway  upper* 
most,  and  onposite  to  the  short  of  the  hopper  above,  in  order  to  its  bdng  re- 
diarged  as  before ;  after  which  the  door  is  to  be  refostened.  From  this  time, 
and  at  every  subsequent  charge  until  the  work  n  completed,  both  the  icouring 
cvlinder  and  the  watMtM  and  Mparatkig  bath  operate  together,  the  grain  in 
the  sieve  being  agitated  by  the  rotative  action  of  the  cylinder  in  the  following 
manner.  On  the  revolving  axis  of  the  cylinder  is  fixed  a  pulley,  which,  by 
means  of  an  endless  corder  chain  and  two  guide  pulleys  (employed  to  convert 
the  vertical  into  a  horixontal  motion),  causes  a  tourth  pulley  to  revolve  in  a 
boriaontal  plane :  on  the  upper  side  of  the  last  mentioned  pulley  is  a  plate,  having 
an  eocentnc  groove,  in  which  a  pin  fixed  to  the  centre  of  the  bottom  of  Uie  sieve 
works ;  thb  arrangement,  so  far,  causes  the  sieve  to  perform  a  circular  motion 
in  the  water ;  but  the  sieve  is  suspended  from  itsfour  comers  to  two  projecting 


■nu  or  lcf«r^  fiutenad  to  two  horiionUl  imodtM  (actiDg  u  their  fulen),  and 
Ii^  in  MDtequaiee,  nude  to  incliae  alternately  from  idde  to  aide,  id  a  cotutantly 
Tailing  plane,  during  each  leroludon  of  the  eccentric  ^te  befbn  mentioned, 
^ui  compound  motion  producei  a  ^leat  agitation  amongit  the  partidea  of  emu 
and  tand,  eauring  tbem  to  be  quickly  and  thoroughly  lepanied  from  each 
other,  and  the  oom  to  be  well  waihed  by  the  coUieion.  The  laod  pane* 
through  the  methea  of  tho  lieve,  and  u  depouted  at  the  bottom  of  the^oth; 
the  bad  com,  &om  it*  inferior  ipecific  gravity,  riiea  to  the  nirfkoe  of  the  water, 
whence  it  ii  floatad  away  by  a  gentle  current  over  a  parUtion  or  dam  in  the 
hub,  into  a  receptacle  on  tba  other  ude,  whence  it  flowi  through  a  ipout  out 
of  the  machine.  The  current  ii  produced  by  the  conitant  running  mto  the 
bath  of  a  unall  itrsam  of  water  from  a  pipe  and  cook  at  the  <moaile  end  of 
Ae  bath,  and  a  conatant  lerel  of  water  it  preterved  by  it*  runnmg  orer  the 
dam.  The  puri6ed  com  alone  remaining  in  the  aieve,  is  now  to  be  dia- 
charxed  thence;  lor  thia  purpose,  two  levera  fixed  to  the  beS^e-mentieaed 
qiinalea,  and  connected  by  a  rod  (to  csuae  them  to  move  parallel  with  eaefa 
ether),  are  brought  into  operation ;  lo  that  upon  one  of  tbem  being  pulled,  the 
•Sere  ia  lifted  out  of  the  water  and  placed  in  an  inclined  poaition,  by  wliich  the 
oontanla  are  eatily  fwajeded  into  a  contiguoui  bopper,  where  the  com  ia 
allawed  fa>  drain  during  tbe  waahing  of  the  lucceeding  ebarga  of  grain,  and 
then  it  it  conducted  into  the  kiln  to  be  dried.    See  Kilm. 

CORROSIVE  SUBLIMATE.  The  chloride  of  merctiry;  alw  c^led  tbe 
oxymnriate  of  mwcnry. 

COTTON.  The  down  of  the  cotton  tree  or  plant,  of  which  naturaliata 
raeognbe  tan  varietiea.  Some  of  theae  an  lo  be  mat  with  in  the  warmer 
parts  of  Europe ;  but  it*  onlliTation  to  any  extent  Is  ^eflv  confined  to 
dimatet  within  tlie  tropios.  The  generali^  of  the  West  India  ipedes  are 
ftf^l'i  whilst  tboie  of  Asia  are  perennial  bMli  in  bnneh  and  root,  and  rite 
in  a  strai^t  line  about  eisht  feet  high.  The  cottnn  down  is  contained  within 
pods,  which,  whan  arrifea  at  maturity,  open.  The  down  envelope*  a  famk 
called  Uie  gin,  which  contMnt  tbe  aeed*  of  the  ^antj  and  the  fint  opentian 

in  fit  for  manu&ctnring  pwrpoeee,  ooatiitt  in  fteeing  the  down 

This  it  eSeeted  b^  &i*t  dr^iw  it  In  the  ran  iinlS  the  teed* 
'  i  and  then  operatiw  upon  it  by  a  macbioe  ealled  a  gin,  of 
«  kindi,  tbe  one  callM  a  roUei  pn  and  Ik*  other  a  saw  jrin. 

_  ..   ^...    .   represented  in  f^.  1.     It  oootitta  of  two  small  fluted  roUen 

a  b,  about  I  inch  in  diameter,  and  9  inohe*  long,  and  generally  made  of 
haid  wood ;  they  are  pat  in  modon  by  the  tMadle  e  acting  upon  ciaaka  or 


become  quite  hard ;  and  then  operatiw  upon 
which  then  are  two  kind*,  tbe  one  callM  a  n 
The  ndkr  gin  i*  represented  in  Fig.  1. 


phu  in  the  be*  of  the  flywheel  d.  The  labourer  wba  drives  the  maeUna 
plaoaa  the  cotton  on  a  feeding  board,  and  the  cotton  it  drawn  in  between  the 
rdler*,  which  being  set  too  dose  to  allow  the  seeds  to  paM  betwem  Aem,  Oe 
cotton  bUf  down  the  inclined  board  e,  and  the  teed*  drop  into  the  boa  /. 
Tlie  taw  gin  it  given  in  I^.  2.  «  it  a  roUei  having  a  number  of  drcnlar 
•aw*  (  (bed  npon  it,  with  a  waiber  of  wood  between  each ;   e  i*  a  gating 
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throu^  which  a  portion  of  the  teeth  of  the  saws  project ;  J  is  a  circular  hrush 
driven  by  the  wheel  e  on  the  axis  of  a,  which  works  into  a  pinion  on  the  axis 
of  d.  The  cotton  being  put  into  the  hopper  /,  the  teeth  of  the  saws  lay 
hold  of  the  wool  and  tear  it  through  the  grating,  whilst  the  seeds  are  by  that 
means  separated,  and  roll  down  the  inclined  plane  of  the  grating,  and  finally 
escape  at  the  spout  g ;  the  cylindrical  brush  serves  to  clear  the  cotton  from  the 
teeth  of  the  saws,  and  throw  it  dear  of  the  cylinder,  in  which  state  it  is  ready 
to  be  packed  for  the  market 

COTTON  SPINNING;  the  operation  by  which  cotton-wool  is  formed  into 
yam.  The  most  ancient  and  simple  method  of  forming  filamentous  substances 
mto  a  continuous  thread  was  undoubtedly  by  the  distaff  and  spindle,  a  method 
still  practised  by  the  natives  of  India,  and  which  ftppeiurs  to  be  known  to  every 
nation  removed  one  step  firom  absolute  barbarism.  The  first  improvement  upon 
this  simple  contrivance  was  the  spinning  wheel,  invented  at  a  remote  and  un- 
certain period;  and  by  means  of  this  machine,  with  some  slieht  improve- 
ments in  its  construction,  the  operation  of  spinning  continued  to  be  performed 
in  this  country  until  the  latter  part  of  the  last  century,  when  an  entirely  new 
svstem  was  introduced  in  the  art,  Uie  process  being  no  lon^r  dependent  upon 
the  skill  and  intelligence  of  the  artisan,  but  every  part  of  it  being  performed 
by  mechanical  means,  with  a  degree  of  accuracy  and  dispatch  before  unknown, 
llic  new  system  spread  with  great  rapidity,  and  quickly  raised  our  cotton 
manufactures,  whicn  were  previously  of  smafl  importance,  to  rank  amonest  the 
principal  ones  of  the  country.  From  a  paper  in  the  Repertory  of  Arte,  it 
appears  that  so  early  as  1730  Mr.  John  WyatI,  of  Birmingham,  conceived  the 
iaea  of  spinning  by  machinery,  and  that  becoming  associated  with  a  foreinier 
named  Lewis  Pau(  a  patent  was  taken  out  in  the  name  of  the  latter  in  1738. 
In  1742  a  mill  was  erected  at  Birmingham,  which  was  turned  by  two  asses.  A 
more  successfiil  result  attended  the  exertions  of  Richard  Hargreaves,  a  weaver 
in  Lancashire,  who,  in  1767,  invented  what  is  called  the  spinning  jenny. 
In  1769  R.  Arkwright  invented  tiie  method  known  by  the  name  of  water 
spinning;  and  in  1779  Crompton  combined  the  principles  of  jenny  spinning 
and  water  spinnins^  into  a  system  called  mule  spuming,  and  by  one  or  other  of 
these  three  methods  the  operation  is  now  performed. 

We  shall  proceed  to  describe,  as  briefly  as  is  consistent  with  perspicuity,  each 
of  these  methods,  taking  them  in  the  order  in  which  the  inventions  stand  in 
point  of  time ;  but  first,  we  must  note  the  method  by  which  the  cotton  wool 
(which  arrives  in  this  country  very  imperfectiy  cleaned  from  seeds,  dust,  &c.) 
is  fireed  firom  these  impurities.  This  operation,  which  is  called  haUmg,  is 
performed  by  a  machine  called  a  batter,  or  which  the  annexed  cutis  a  diagram. 


(2 


II..  II  IE 


The  cotton  is  laid  upon  the  endless  web,  or  band,  passuig  round  the  rollers  a  b, 
and  by  this  band,  which  is  called  the  feeding  cloth,  it  is  carried  to  the  roUera 
e  d,  which  deliver  it  upon  the  curved  rack  or  grating  e,  whilst  a  scutch  f, 
revolving  rapidly  upon  its  axis,  strikes  the  cotton  with  its  two  edges  and  divides 
it,  and  the  gins,  sand,  &c.  fall  through  the  circular  grating  e,  and  down  the 
inclined  grating  t,  at  the  same  time  a  draft  of  air,  created  by  the  revolution  of 
the  fim  il^  bbws  the  cotton  forward  along  the  passage  I  into  a  box,  firom  which 
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It  18  firom  time  to  time  removed,  any  remaining  seeds  falling  from  the  cotton 
through  the  grating  m,  (which  forms  the  bottom  of  the  passage  l,)  as  the 
cotton  is  blown  along  the  passage. 

We  shall  now  proceed  to  give  a  verbal  description  of  the  process  of  jenny 
spinning,  unaccompanied  by  any  representations  of  the  machinery,  which 
being  the  same  as  that  which,  combined  with  some  other  machinery,  is  used 
in  mule  spinning,  will  be  described  under  that  head.  The  process  is  as  follows: 
The  cotton,  after  batting,  is  soaped,  by  being  immersed  in  a  strong  solution  of 
Boap;  then  pressed  in  a  screw  press,  and  afterwards  stove-dried.  It  is  then 
carded  by  a  carding  machine,  from  which  it  passes  in  tlie  form  of  rolls,  about 
the  size  of  a  candle,  on  to  an  endless  band,  from  which  it  is  lifted  by  children, 
and  carried  to  be  roved.  The  roving  is  performed  on  a  billy,  usually  containing 
thirty-six  spindles,  driven  by  bands  from  a  cylinder  turned  by  hand.  Upon 
the  side  next  the  carding  engine  is  a  feeding  cloth,  upon  which  the  rolls  firom 
the  carding  engine  are  united  so  as  to  form  a  number  of  rolls  equal  to  the 
number  of  spindles  in  the  billy.  After  a  certain  number  of  revolutions  of  the 
rollers  of  the  feeding  cloth,  the  cloth  is  stopped,  and  the  rolls  being  held  fast 
between  two  clasps  of  wood,  the  ends  are  attached  to  the^  spindles,  that  are 
mounted  on  a  movable  carriage,  which,  as  it  recedes,  stretches  the  rolls  and  reduces 
them  to  the  proper  size  of  the  roving.  In  returning  the  carriage,  the  rovings 
are  built  upon  the  spindles  in  the  form  of  cones,  receiving  at  the  same  time 
a  slight  twist;  and  when  a  sufficient  quantity  of  roving  is  wound  upon  the 
spindles,  they  are  removed  to  the  spinning  jenny.  The  spinning  jenny  differs 
from  the  roving  billy  in  having  the  clasp  boards  attached  to  movable  frames  or 
carriages,  and  the  spindles  stationary.  The  clasps,  by  the  receding  of  the 
carriage,  reduce  the  rovings  to  the  size  for  yarn,  and  during  the  return  of  the 
carriage  the  yam  is  built  upon  the  spindles.  Jenny  yam  is  now  little  used, 
except  for  the  weft  of  calicoes.  Water  spinning  is  the  name  given  to  Arkwright's 
method  of  spinning,  because  in  all  the  mills  in  which  it  was  first  adopted  the 
machinery  was  driven  by  water.  The  distinguishing  feature  of  this  method  is 
the  means  by  which  the  rovings  are  gradually  reduced  in  thickness  to  the  size 
of  the  intended  yarn.  In  jenny  spinning,  we  have  already  stated,  this  is 
effected  by  nipping  the  rovings  at  one  part  between  wooden  clasps,  and  causing 
the  spindles  to  which  the  end  of  the  rovings  are  attached  to  recede  very 
gradually ;  but  in  water  spinning  this  is  effected  by  jpassing  the  rovings  between 
the  drawing  rollers  faster  than  it  is  taken  in  by  the  feed  rollers;  the  fibres  slide 
one  over  uie  other,  and  the  rovmg  is  reduced  in  thickness,  or  extended  in 
length,  in  proportion  to  the  difference  of  the  velocities  of  the  feed  rollers  and 
drawing  rollers.  The  process  of  water  spinning  is  conducted  as  follows : 
After  batting,  the  wool  is  carded  by  two  machines,  the  first  called  the  breaker, 
and  the  second  the  finisher.    The  annexed  diagram  will  give  some  idea  of  the 


nature  of  the  operation,  and  of  the  eonstraction  of  the  machine.  The  cotton 
is  carried  by  the  feeding  cloth  a  a  to  the  feed  rollers  h  6,  which  deliver  it  on  to 
the  carding  cylinder  c.  This  cylinder  is  covered  with  slips  of  leatheri  stuck 
fall  of  bent  wures,  forming  what  are  called  cards,  which  are  ranged  parallel  to 

3  r 
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enclosed  ia 

oppoiile  direction  ;  as  the  cylinder  ilowly  revolve*,  the  cotton  ii  repeatedly  torn 
from  it  by  the  top  cards,  from  whicb  it  i>  recoveced  by  the  cylinder,  until  [he 
cotton  al  length  reaches  the  doffer  e,  which  is  a  cylinder  wilh  the  cards  ranged 
round  it  in  one  continued  spiral  fillet,  that  Btripi  the  cotton  wool  from  the 
cylinder  in  a  thin  film,  which  is  removed  by  m  steel  comb/,  worked  by  u  crank 
g;  and  by  the  comb  it  is  thrown  on  to  a  smooth  cylinder  h,  called  the  Upping 
cylinder  j  this  Is  surmaunted  by  a  light  roller  i,  by  which  the  film  of  wool  is 
pressed  fiat  upon  the  cylinder,  forming  what  i<  termed  a  lap.  After  ■  ceruin 
number  of  layers  are  wound  upon  the  lapping  cylinder,  which  is  called  pigailf, 
or  doutling,  the  machine  i>  slopped,  and  the  lap  broken  ofi'  and  removed  to 
the  finisher,  which  has  a  carding  cylinder,  dotler,  and  comb,  similar  to  the 
breaker;  but  instead  of  the  wool,  as  it  comes  from  the  cnmb,  passing  round  • 
lapping  cylinder,  it  is  drawn  through  a  conical  vessel  by  a  pair  of  roller%  which 
compress  it,  and  deliver  it  in  thin  silvers  or  bands  into  tin  cans;  these,  when  full, 
■re  removed  to  the  draw  frame,  which  is  represented  in  the  following  diagram. 


The  draw  irame  contains  leveru!  heads  of  rollers,  each  head  composed  of  ■ 
pair  of  feeding  rollers  a  a,  and  a  pair  of  draw  rollen  b  b;  the  upper  roller  in 
each  pair  i*  covered  with  leather,  or  some  other  elastic  substance,  and  tha 
lower  pair  is  farmed  of  metal,  and  fluted.  The  ends  of  the  slivers  con- 
tained m  the  cans  c  c  are  passed  through  the  leader  d,  and  brought  under  the 
rollers  a  a  and  b  b.  If,  now,  we  suppose  the  rollen  i  i  to  travel  four  times  at 
Hut  as  the  feed  rollers  a  a,  or  lo  have  a  draught  of  four,  sa  it  ii  termed,  the 
•livers  will  be  drawn  out  to  four  times  their  original 
length.  The  slivers  are  united  by  passing  through 
a  conical  ring,  and  conducted  by  a  pair  of  roUen 
ff,  (which  do  not  dmw  or  entend  the  cotton,)  into 
anothercan^;  and  if  we  suppose  four  ends  to  be  thus  „  _.. 
united,  the  sliver  will  be  of  the  same  thicknesi  as  ^TTX 
the  origmal  sliver,  but  of  four  times  tha  lencth.  j/f'^Y 
This  operation  being  repeated  through  several  olner 
heads  on  the  same  frame,  the  fibres  of  the  cotton 
are  laid  nearly  parallel,  the  sliver  becomes  n 
imiform,  and  is  then  ready  to  be  carried  to  tha 
roving  frame,  in  which,  besides  being  reduced,  it 
receives  a  slight  degree  of  twist.  Roving  frames 
have  been  variously  constructed,  but  the  form  most 
approved  and  in  most  general  use  at  the  present 
day  is  what  is  termed  the  spindle  and  flyer  roving 
frame,  represented  by  the  annexed  diagram.  aa,bS, 
are  draw  rollen,  between  which  the  sliver  is  con-  ^|^m|m 
ducted  from  the  cam  e,  and  reduced  according  to      ^^y^^T 

the  draught  of  the  rollen;  ddii  the  flyer  fixed  upon '-yi-^r 

the  t^  of  the  apindle  e,  which  it  put  iu  motion  by  a  c]  \ 

band  pawing  over  the  wheel/     The  rollen  deliver  M 

the  reduced  direr  to  the  flyen  on  the  top  of  the  '^ 
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vpindles,  vhere  it  passes  through  an  eye  a,  and  thence  proceeds  down  one  of 
the  legs  of  the  ilyer  (which  is  made  tubuJar  for  that  purpose,)  to  the  bobbin  h, 
placed  loosely  on  the  spindle  c,  and  supported  on  tne  rail.  The  tube  of  the 
nyer  running  swiftly  round  the  bobbin,  lays  the  roving  (which  thus  acquires  a 
twist)  on  the  bobbin  as  fast  as  the  rollers  deliver  it ;  and  in  order  to  cover  the 
surface  of  the  bobbin  with  regularity,  the  rail  i  is  made  to  ascend  and  descend 
alternately  with  a  slow  motion.  The  bobbin,  it  will  be  observed,  is  dragged 
round  by  the  flyers,  and  but  for  the  friction  of  the  surface  on  which  it  rests, 
would  move  as  fast  as  the  flyers ;  but  in  this  case  it  would  take  up  no  roving, 
for  the  quantity  taken  up  will  depend  upon  the  difference  between  the  speed 
of  the  flyer  and  the  bobbin.  A  slight  aegree  of  friction  is  then  necessary  to 
ffive  the  bobbin  a  slow  motion,  but  as  the  bobbin  becomes  full,  the  weight 
mcreases  the  friction,  and  consequently  would  retard  the  motion  still  further 
if  it  were  only  dragged  round  by  the  flyer  ;  and  as  it  is  requisite  that 
the  bobbin  should  always  take  up  the  same  quantity  of  roving,  its  motion 
is  regulated  so  as  to  take  up  the  roving  exactly  as  fast  as  it  is  delivered  from 
the  rollers.  The  mechanism  by  which  this  is  accomplished  varies  in  different 
mills;  the  following  is  one  of  the  most  approved  methods.  Two  conical  barrels 
are  placed  opposite  each  other,  the  large  end  of  the  one  fronting  the  small  end 
of  the  other.  One  of  these  barrels  moving  uniformly  turns  the  other  barrel, 
by  means  of  an  endless  strap,  which,  by  being  shifted  towards  either  extremity, 
varies  the  speed  of  the  other  barrel.  The  belt  or  strap  remains  equally  tight 
in  every  part  of  the  barrels,  for  the  diameter  of  the  one  increases  in  exactly  the 
same  proportion  as  that  of  the  other  diminishes.  From  the  second  barrel 
motion  is  conveyed  to  pulleys  k  resting  on  the  bearer  or  rail  i,  and  having  the 
spindles  passing  through  the  centre  of  each ;  the  bobbins  rest  on  those  pulleys, 
and  are  carried  round  with  them.  The  rovings  are  next  carried  to  the  spinning 
frame.  The  spinning  frame  is  similar  in  its  operation  to  the  roving  frame, 
except  that  it  has  generally  three  sets  of  drawing  rollers,  and  from  the  greater 
strength  which  the  thread  has  acquired,  no  machinery  is  requisite  to  regulate 
its  motion ;  it  is  therefore  dragged  round  by  the  flyers.  The  bobbins,  when 
taken  off'the  spindles  filled  with  water  twist  for  warps,  are  carried  to  be  reeled. 
The  reel  is  composed  of  six  rails,  in  front  of  which  the  bobbins  are  ranged  on 
pins,  in  a  board  extending  the  whole  length  of  the  reel.  The  dimensions  of 
the  reel  are  such  as  that  it  requires  exactly  1^  yard  to  go  round  it;  the  thread 
from  the  bobbins,  after  passing  between  several  wires,  to  give  a  proper  degree 
of  tension,  is  made  fast  to  one  of  the  rails,  and  the  wheel  set  in  motion.  After 
eighty  revolutions  (one  lay)  a  bell  or  click  strikes,  the  reel  is  stopped,  and  the 
lays  are  tied  with  pieces  of  thread  to  keep  them  distinct.  Seven  lays  form  a 
hank.  When  the  nanks  are  completed  they  are  taken  off*  the  reel,  for  which 
purpose  one  of  the  rails  'is  hinged,  which  permits  it  to  be  folded  inward,  and 
the  hank  being  slided  to  one  end  of  the  reel,  the  reel  is  lifted  off*  its  bearing, 
and  the  banks  are  taken  off*. 

It  now  remains  to  describe  the  ope- 
ration of  mule  spinning.  The  preparation 
IS  similar  to  that  of  water  spmnmg;  but 

1)reviou6ly  to  the  rovings  receiving  their 
ast  reduction  on  the  spinning  frame, 
they  undergo  a  process  called  stretching. 
The  stretching  frame  nearly  resembling 
the  mule,  except  in  being  of  larger 
dimensions:  we  shall  proceed  to  de- 
scribe the  latter,  by  means  of  the 
annexed  diagram,  a  represents  a  roving 
placed  in  a  frame  behmd  the  drawing 
rollers  c  d  e.  After  passing  between 
the  rollers,  the  reduced  roving  goes  on 
to  the  spiudle/,  which  are  like  those  of 
the  common  jenny,  and  have  neither  bobbins  nor  flyers.  The  spindles  ar« 
placed  in  a  reclining  position,  and  supported  on  a  carriage  ff.      The  machine 
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being  put  in  motionf  the  carriage  recedes  as  fast  as  the  rollers  deliver  the 
rovings,  the  spindles  at  the  same  time  revolving;  rapidly,  giving  sufficient  twist 
to  the  yard  to  bear  stretching.     After  the  rollers  have  delivered  a  certain 
length  (a  yard,  for  example,)  of  yam  thus  imperfectly  twisted,  they  stop,  but 
the  carriage  continues  to  recede  half  a  yard  further,    for  example,   and  the 
spindles  continue  to  revolve.    The  yam  is  thus  stretched,  and  forms  a  fair  and 
even  thread.    In  order  to  save  time,  the  spindles  move  more  rapidly  during  the 
process  of  stretching.      The  mechanism  by  which  this  is  enected  is  called 
double  speed.  The  yarn  being  sufficiently  hard  twisted,  the  machine  disengages 
itself  from  the  other  moving  parts  of  the  mule ;  the  attendant  then  returns  the 
carriage  home  to  the  rollers.     By  this  arrangement,  comprising  the  advantages 
both  of  the  rollers  and  the  spindles,  the  thread  is  stretched  more  gently  and 
equally,  and  a  much  finer  quality  of  yarn  can  therefore  be  produced.     This 
excellent  machine,  which  has  superseded  the  jenny,  and,  to  a  considerable 
extent,  the  water  frame,  and  which  has  carried  the  cotton  manufacture  to  a 
perfection  it  could  not  otherwise  have  attained,  was  invented  by  Samuel  Crompton, 
a  young  weaver  of  respectable  character  and  moderate  circumstances,  living  at 
H all-in- the- Wood,  near  Bolton,  and  was  completed  by  him  in  1779.     Being  of 
a  retiring  and  unambitious  disposition  he  took  out  no  patent,  and  only  regretted 
that  public  curiosity  would  not  allow  him   *'  to  enjoy  hb  little  invention  to 
himself  in  his  garret,"  and  to  eam  by  his  own  manual  labour,  undisturbed,  the 
fruits  of  his  ingenuity  and  perseverance.      The  very  superior  quality  of  his 
yarn,  it  is  said,  drew  persons  from  all  quarters,  to  ascertain  the  manner  whereby 
lie  produced  it.     He  stated  to  Mr.  Bannatyne,  that,  on  the  invention  of  his 
machine,  he  obtained  I4t.  per  lb.  for  the  spinning  and  preparation  of  No.  40, 
(t.  e,  yam  of  forty  hanks  to  the  pound) ;  that  a  short  time  after  he  got  25s. 
per  lb.  for  the  spinning  and  preparation  of  No.  60 ;  and  that  he  then  spun  a 
small  quantity  of  No.  80,  to  show  that  it  was  not  impossible,  as  was  supposed, 
to  spin  yam  of  so  fine  a  grist,  and  for  the  spinning  and  preparation  of  tnis  he 
got  42jr.  per  lb.  I    These  prices  were  obtained  by  the  unrivalled  excellence  of 
the  yam ;  and  it  affords  a  criterion  to  estimate  the  value  of  the  machine,  when 
it  is  found  that  the  price  of  yam.  No.  100,  is  at  the  present  day  only  from 
2j.  3(L  to  3«.  per  lb.,  mcluding  the  cost  of  the  raw  material,  which  is  from  lOd. 
to  ]s.  per  lb.,  this  surprising  reduction  having  been  effected  chiefly  by  the  powers 
of  the  mule ;  and  notwithstanding  it  was  before  supposed  to  be  impossible  to 
spin  80  hanks*  to  the  poimd,  as  many  as  350  hanks  to  the  pound  have  since 
been  spim,  each  hank  measuring  840  yards,  and  forming  together  a  thread  167 
miles  in  length !    Although  the  principle  of  Crompton's  machine  was  excellent, 
it  was  mdely  constmcted ;  his  rollers  were  of  wooid,  and  all  the  parts  clumsy ; 
for  Crompton  was  unused  to  tools,  and  knew  but  little  of  mechanics  before  he 
attempted  to  put  to  practice  the  beautiful  combinations  he  had  conceived.    His 
first  machine  contained  but  20  or  30  spindles.  Subsequently,  Stones,  of  Harwich, 
a  machinist,  constmcted  a  mule  in  a  workmanlike  manner,  making  the  rollers 
of  metal,  and  applying  clock-work  to  move  them ;  the  mule  was  thus  adapted 
for  100  to  130  spindles.      Baker,  of  Bur)',  and  Hargraves,  of  Toddington, 
introduced  some  improvements.     In  1 790,  Mr.  Kelly,  of  Lanark  mills,  applied 
water  power  to  the  mule,  and  shortly  after  Mr.  Wright,  of  Manchester,  con- 
structed a  double  mule.     By  these  successive  additions  the  machine  was  made 
capable  of  working  with  no  less  than  400  spindles.  Since  this  period  mides  have 
been  so  much  increased  in  size  and  effectiveness,  that  there  are  many  at  work 
in  Manchester  and  elsewhere  of  800  spindles  each,  and  some  of  the  prodigious 
number  of  1100  spindles  each,  or  2200  the  pair,  the  pair  being  managed  by 
one  spinner.     Mr.  Crompton  having  made  no  attempt  to  secure  this  important 
invention.  Parliament  was  memorialized  on  the  subject,  and  a  grant  of  5000i!. 
was  obtained  free  of  all  charges ;  and  it  is  worthy  of  remark,  that  at  this  time 
(1812),  there  were  at  work,  on  the  principle  of  his  invention,  between  four  and 
five  millions  of  spindles !     I3ut  the  course  of  improvement  has  not  yet  stopped ; 
mules  are  now  constmcted  which  du  not  require  the  aid  of  a  spinner,  the 
mechanism  being  so  contrived  as  to  roll  the  spindle  carriage  out  and  in  at  the 
proper  speed,  without  a  hand  touching  it;  and  the  only  manual  labour  employed 
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in  iheBB  machines,  (which  are  called  •elf-acting  miJef,)  is  that  of  the  chHdren 
who  join  the  broken  threads.  The  first  machine  of  this  nature  was  invented 
by  the  ingenious  Mr.  W.  Strutt,  of  Derby,*  son  of  Mr.  Jedediah  Strutt,  the 
partner  of  Arkwright.  This  appears  to  have  been  in  the  year  1790 ;  and  two 
years  afterwards,  Mr.  Kelly,  of  Lanark  mills,  invented  another  self-acting 
mule,  which  is  thus  described  by  him  in  a  letter  to  Mr.  Kennedy,  which  we 
annex,  as  it  furnishes  a  very  interesting  detail  of  the  progress  of  improvement. 
"  I  first  applied  water  power  to  the  common  mules  in  the  year  1790 ;  that  is, 
we  drove  the  mules  by  water,  but  put  them  up  (that  is,  the  carriage  or  spindle 
frame)  in  the  common  way,  by  applying  the  hand  to  the  fly-wheel,  and  by  placing 
the  wheels  (or  mules)  right  and  lefl ;  the  spinner  was  thereby  enabled  to  spin 

two  mules  in  place  of  one The  mules  at  that  time  were  generally 

driven  with  ropes,  made  with  cotton  mill-waste,  from  a  lying  shaft  in  the  middle 
of  the  room,  and  over  gallows-puUeys  above  the  fly-wheels,  on  each  side  of  the 
room.  That  mode  of  driving  was  succeeded  by  belts,  which  were  in  every 
respect  much  better,  and  better  adapted  to  self-acting  mules,  &c.  From  the 
above  date  I  constantly  had  in  view  the  self-acting  mule,  and  trying  to  bring  it 
into  use ;  and  having  got  it  to  do  very  well  for  coarse  numbers,  1  took  out  the 
patent  in  the  summer  of  1792.  The  object  then  was  to  spin  with  young 
people,  like  the  water  twist  For  that  purpose  it  was  necessary  tnat  the  carriage 
should  be  put  up  without  the  necessity  ot  applying  the  hand  to  the  fly-wheel. 
At  first  we  used  them  completely  self-acting  in  all  the  motions,  the  fl^  continuiiu^ 
to  revolve,  and  after  receiving  the  full  quantity  of  twist,  the  spmdles  stoo<^ 
the  guide  or  faller  was  turned  down  on  the  inside  of  the  spindles,  and  the  points 
were  cleared  of  the  thread  at  the  same  instant,  by  the  rising  of  a  guide,  or 
inside  faller  (if  it  might  be  so  called).  When  the  outside  guide  wire,  or  faller, 
was  moved  round,  or  turned  down  to  a  certain  point  on  the  inside  of  the  spindles, 
it  then  disengaged,  or  rather  allowed  a  pulley,  driven  from  the  back  of ^ the 
belt-pulley,  to  come  into  geer,  or  action,  and  which  gave  motion  to  the  spindles, 
and  took  in  the  carriages  at  the  same  time  (similar  to  the  way  you  assist  the 
large  mules  in  putting  up).  But  in  the  above  self-acting  mule,  which  performed 
every  moUon,  after  the  spindles  were  stopped  it  required  about  three  turns  of 
the  fly-wheel  to  move  round  the  faller,  and  put  in  action  the  above-mentioned 
pulley  that  took  in  the  carriage,  which  was  a  mat  loss  of  time.  We  therefore 
set  aside  that  part  of  the  apparatus  or  machinery,  and  allowed  the  mule  to 


just  turned  the  guide 
spindles,  and  took  in  the  carriage,  the  cop  being  shaped  by  an  inclined  plane, 
or  other  contrivance It  may  naturally  be  asked.  Why  were  not  the  self- 
acting  mules  continued  in  use?  At  first,  you  know,  the  mules  were  about  144 
spincUes  in  size,  and  when  power  was  applied,  the  spinner  worked  two  of  such ; 
bat  the  size  of  mules  rapidlv  increased  to  300  spindles  and  upwards,  and  two 
such  wheels  being  considered  a  sufficient  task  for  a  man  to  manage,  the  idea  of 
saving,  by  spinning  with  boys  and  girls,  was  thus  superseded."  So  numerous 
and  diversified  have  been  the  successive  improvements  in  this  important  branch 
of  art,  that  a  very  large  volume  might  readily  be  filled  with  merely  a  selection 
of  the  more  ingenious ;  but  our  prescribed  limits  compel  us  to  confine  our 
present  notice  to  the  most  successfid,  and  we  believe  the  most  perfect  mechanism 
for  spinning  hitherto  brought  into  use,  which  is  the  self^iciing  mu^,  invented  by 
Mr.  Roberts,  of  the  firm  of  Sharp  and  Roberts,  of  Manchester.  The  following 
description  of  the  invention,  extracted  from  the  patentee's  specification,  we 
copy  from  the  London  Jourrud  ofArU  and  Seieneett  Vol.  VIII.  Second  Series. 

''  The  nature  of  my  said  invention  consists  of  an  improvement  or  improve- 
ments in  the  mechanism  employed  to  render  self-acting  the  maclunes  com- 
monly known  by  the  names  of^mule,  billy,  jenny,  jack-frame,  stretching  frame, 
and  all  other  machines  of  that  class,  whether  used  to  rove,  slub,  or  spin  cotton, 
or  other  fibrous  substances,  the  particular  object  of  which  improvement  or 
improvements  is  to  effect  in  a  more  complete  manner  than  has  hitherto  been 
done  by  self-acting  machines  of  the  kinds  above  mentioned,  the  regular  winding 
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'*'7"'S  form  ind  increaitng  diameter  i^ 
the  cop.     In  Figi.  I  and  2,  a  a  ii  a  mute  carriage  ii    ' 


e  apul  piece  are //two  ratchet  tension  bamU;  to  one 


,       -        .,  „  o  P^TMi  one  on  ench 

dde  of  the  hewlilock,  the  parta  being  firmly  unil^d  by  i  6,  a  connecting  bar  of 
iron,  and  e  c,  an  iron  ir^me ;  to  Ihia  ii  bolttNl  in  front  a  frame  of  iron  d,  irhich, 
M  iti  upper  part,  ia  aupported  by  r,  a  ipur  piece,  boiled  to  the  bar  b  and  U>  the 
frame  d.    On  atuda  in  the  a]         " 
of  theae  ia  foatenpd  g  a 
which,   afler   paning   over   a 
notch  in  the  spur  piece  r,  i» 
wound  round  and  fastened  to 
A  a  drum  or  barrel  j  ihia  han 
•Iw   attaclied   lo    and    coiled 
lound  it  t  another  cord,  vhicb 
after   paising  over  j  a  guide 
pulley,    and   a   notch    in   the 
^Hir  piece,  ia  attached  to  the 
other  ratchet  barrel.     A  ahaft 
it,  on  vhich  ia  keyed  the  drum 
A,  has  a  pinion  I  working  into 
m  the  tootlied  quadrant,  vhich 
receives  an  alternating  motion 
on  iti  centre,  through  an  arc 
of  about  90>,  wbilat  the  car- 
riage runs  out  and  in,  that  ia 
to  aay,  at  ereiY  itretch.     In  a 

groove  in  the  mner  Btm  of  the 

quadrant   is  n   a   sliding  nut 

moved  by  D  a  double  threaded  leading  screw,  on  the  lower  end  of  which  is 
keyed  p  a  mitre  irheel,  gearing  with  q  another  mitre  wheel,  the  central  stud  of 
which  is  oppaaile  to  the  centre  of  the  quadrant  Attached  to  the  back  of  mitra 
wheel  g  i»T,  a  pulley,  which  ia  turned  at  intervals  by  i  an  endleii  strap  passing 
round  it,  and  /  n  sliding  pulley.  A  weighted  lever  u,  called  the  governor  lever, 
is  moTabte  on  a  stud  in  the  back  part  of  the  carriage  frame,  and  forms  tiia 
upper  jaw  of  a  pair  of  pincers,  the  lower  jaw  being  v  a  stud  in  the  rarriage 
end.  'ITie  lever  «,  when  not  intended  to  pross  upon  the  atud  p,  ii  carried  by 
an  adjustable  nut  on  the  lover  end  of  if,  a  rud  connected  with  the  arm  of  the 
counter  falter,  and  having  free  play  through  a  hole  in  a  side  projection  from  the 
arm  of  the  lever.  When,  in  winding  on,  the  tension  of  the  yarn  brings  (he 
faller  H-irea  to  nenrly  tlie  lame  level,  the  dropping  of  the  arm  of  the  counter 
faller  allowa  the  tcver  u  to  descend  ^11  it  pinches  (he  endless  strap  i  against  (he 
stud,  and  druji^s  it  along  as  (he  carriage  runs  in,  uiild  tlie  riie  of  the  coun[er 
faller  arm  again  raises  (he  lever  and  liberalei  the  alrap.  The  apindlea  are 
banded  in  the  ordinary  way,  and  the  drums  are  driven  by  a  band,  which,  afler 
taking  both  the  grooveii  in  jr,  the  driving  pulley,  ia  spliced,  instead  of  pusing 
fh>m  (he  carriage  to  (he  twiat  pulley,  as  in  common  mules.  The  pulley  jt  it 
keyed  on  y,  an  inclined  shall,  (he  upper  end  of  which  turua  in  a  snivel  collar, 
and  (he  lower  end  or  foo(  in  an  arm  of  a  bell  crank.  During  the  process  of 
twisting  and  backing  off,  the  shafl  y  receives  motion  through  1,  a  miire  wheel, 
which  IS  keyed  near  its  lower  extremity,  and  ia  driven  by  2,  another  mitre  wheel 
fixed  on  3,  a  shdil,  on  which  is  also  keyed  4,  a  double  grooved  driving  pulley, 
receiving  motion  by  an  endleis  band  from  5,  (he  twiat  pulley  above.  Thia 
pulley  band  pjues  under  a  carrier  pulley,  and  over  a  double  grooved  carrier 
pulley,  under  (he  driving  pulley  4,  again  over  pulley  7,  and  under  pulley  4, 
round  8,  a  sliding  carrier  pulley,  tmder  9,  a  carrier  pulley,  and  thence  to  the 
twist  pulley.  The  mitre  wheel  I,  conies  occasionally  into  gear  with  10,  another 
mitre  wheel,  keyed  on  II,  a  shall,  upon  which  is  also  keyed  12,  a  spur  wheel, 
which  gears  into  13,  another  spur  wheel,  firmly  connected  to  14,  a  drum  or 
barrel,  which  is  called  the  winding-on  barrel.  The  diameters  of  wheels  12  and 
13  ihould  be  made  to  give,  oa  nearly  as  passible,  the  proper  amouul  of  rolatioo 
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to  the  ipbdleB,  according  to  their  diameters  and  thoie  of  the  warres,  the  final 
adjiutment  being  made  ia  the  diameter  of  the  barrel  14,  the  vhole  being 
adapted  to  give  ao  much  motion  to  the  spindles  ai  will  cause  them  to  wind  on 
dia  whole  itretch  at  the  fint  nm  in.     There  »  a  cord  IS,  one  end  of  nhich  ia 


tied  to  the  (lidiiig  nut  n  in  the  arm  of  the  quadrant  m,  and  the  other  made  fait  to 
the  barrel  14,  Jter  having  made  leveral  colli  round  it;  and  16  ii  an  opposing 
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eord,  alto  coiled  round  and  fastened  to  the  barrel  14,  and  after  passing  under 
17,  a  carrier  pulley,  and  over  18,  another  carrier  pulley,  it  sustains  19,  a  coun- 
terpoise, which  causes  the  barrel  14  to  take  up  the  cord  15  as  the  carnage 
recedes  from  the  rollers.  A  lever  20,  inclined  downwards  at  both  ends,  is 
mounted  at  its  middle  upon  21,  a  tumbler  shaft,  carrying  22,  a  fixed  vertical 
arm,  which  is  connected  by  23,  a  link  with  the  side  arm  of  the  bell  crank ;  24  is 
a  stopping  bar,  movable  on  a  stud  in  the  vertical  arm  of  the  tumbler  shaft,  its 
lower  end  passing  through  and  abutting  by  a  shoulder  against  the  upper  side  of  a 
mortise  hole  in  25,  a  stopping  piece,  which  is  bolted  to  the  frame  c;  the  stopping 
bar  is  held  against  the  upper  side  of  the  slot  by  26,  a  spiral  spring ;  27  is  a 
latch  on  a  stud  in  a  projection  from  the  frame  c,  which  is  pressed  by  28,  a  spring 
in  the  direction  of  a  catch  on  one  side  of  the  lever  20 ;  29  is  a  radial  weight, 
movable  on  a  stud  in  the  framing  and  carryine  on  a  stud  near  its  centre,  30  a 
friction  roller,  under  which  the  inner  inclined  arm  of  the  lever  20  passes,  and 
raises  the  weight  a  little  just  before  the  carriage  completes  its  run  inwards;  31 
a  stud  in  the  framing,  which,  by  stopping  the  latch  27  in  its  motion  inwards, 
disengages  the  lever  20  at  the  instant  the  carriage  has  completed  its  run,  which 
allows  the  weight  29  to  depress  the  inner  arm,  and  so  to  throw  into  gear  the 
mitre  wheels  1  and  2,  preparatory  to  the  recommencement  of  twisting ;  32  is 
another  radial  weight,  similar  to  tne  weight  29,  having  a  friction  roller,  under 
which  the  outer  arm  of  lever  20  comes  to  raise  it,  as  the  carriage  reaches  its 
outward  limit.  When  the  process  of  backing  off  is  completed,  the  mechanism 
for  putting  up,  or  running  the  carriage  in,  is  put  into  gear,  and  simultaneously 
with  it ;  and  by  the  same,  or  any  other  convenient  means,  the  stopping  bar  24 
is  depressed,  and  the  weight  32  depressing  the  lever  20,  shifts  the  mitre  wheel 
1  from  the  wheel  2  into  gear  with  the  wheel  10.  The  diagram,  Fig,  3,  is 
intended  to  show  the  arrange- 
ment of  the  connecting  wheels,  /<7^^C~>?5^5^|2.^  '%•  8» 
the  winding  on  barrel,  and  the 
crooked  lever,  when  the  spin- 
dles are  driven  by  bands  from 
a  roller,  instead  of  drums, 
which,  as  far  as  the  present 
improvement  or  improvements 
in  the  mule,  billy,  jenny,  jack 
frame,  or  stretching  frame,  are 
concerned,  is  almost  the  only 
difference  in  the  several  ma- 
chines enumerated;  they  all 
being  machines  of  the  same 

class,  that  is,  in  which  is  performed  at  intervals  the  winding  on  of  the  stretches 
of  yam  or  rovings,  though  used  for  different  purposes,  and  distinguished  by 
different  names.  A  spur  wheel  a  is  keyed  on  the  coupling  shaft  which  connects 
the  spindle  band  rollers  on  each  side  of  the  headstock ;  6  is  a  radial  arm  cen- 
tred on  the  same  coupling  shaft,  and  connected  by  r,  a  link,  with  rf,  the  crooked 
lever,  which  is  acted  upon  by  the  radial  weights  and  catches,  as  described 
before ;  e  a  double  grooved  pulley,  keyed  on  the  same  shaft  with  /  a  spur 
wheel ;  a  a  double  grooved  carrier  pulley,  round  which  and  the  pulley  e  the 
twist  puUey  band  is  passed  twice,  as  before  ex])lained ;  h  the  winding  on  drum, 
keyea  on  the  same  shaft  as  i,  a  spur  wheel ;  j  a  spur  wheel  earned  by  the 
radial  arm  6,  and  gearing  into  wheel  /  whilst  the  twist  is  being  given,  and  into 
wheel  i  during  the  winding  on.  In  the  adaptation  of  the  present  improve- 
ments to  the  mule,  billy,  jenny,  jack  frame,  or  stretching  frame,  according  to 
the  diameter  of  the  cop  to  be  formed,  or  the  length  of  stretch  made  in  the  several 
machines,  it  may  be  requisite  to  vary  the  length  of  the  grooved  arm  of  the 

Suadrant  Whilst  the  carriage  is  nmning  in,  it  tunis  by  the  band  g.  Fig  2,  the 
mm  A,  its  shaft  A-,  and  the  pinion  /,  which  works  into  the  quadrant  m.  When 
the  quadrant  begins  to  move,  its  grooved  arm  stands  about  12o  beyond  the  ver- 
tical position  from  tlie  rollers,  and  during  its  action  it  tums  on  its  centre 
inwards,  through  an  arc  of  about  90o.    At  the  commencement  of  a  set  of  cops, 
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the  stud  in  the  nut  n,  to  which  ihe  cord  15  is  attached,  is  set  opposite,  or  nearfy 

so,  to  the  centre  of  the  quadrant,  in  which  position  it  suffers  no  change  of  place 

hy  the  motion  of  the  quadrant     As  the  carriage  recedes  from  the  point  of 

attachment  of  cord  15,  it  causes  the  rotation  of  the  winding  on  drum  14,  round 

which  the  cord  is  coiled,  and  the  drum  through  the  train  of  wheels  13,  12,  10, 

and  1,  that  of  the  pulley  «,  which,  by  the  spindle  drum^  gives  motion  to  the 

spindles  (see  F^.  1.)    The  rotation  of  the  spindles  during  the  first  run-in  of 

the  carriage,  just  suffices  to  wind  on  the  stretch  of  yarn  upon  the  bare  spindles. 

As  the  diameter  of  the  cop  increases  by  each  succeeding  layer,  fewer  revolutions 

will  be  requisite  to  effect  the  winding  on  of  the  constant  length ;  and,  therefore, 

the  whole  quantity  of  motion  imparted  to  the  spindles  during  a  run-in  must 

undergo  progressive  diminution  so  long  as  the  diameter  of  the  cop  is  Increasing, 

which  goes  on  until  the  bottom  is  formed.    This  decrease  of  motion  in  the 

spindles  is  obtained  by  lessening  the  quantity  of  cord  to  be  uncoiled  from  the 

winding-on  barrel ;  an  effect  which  results  from  the  advance  of  the  nut  n  along 

the  arm  of  the  quadrant,  the  amount  of  the  effect  being  exactly  commensurate 

with  this  advance,  as  is  apparent  when  the  grooved  arm  of  the  quadrant,  at  the 

end  of  the  run-in,  nearly  coincides  with  the  liue  of  traction  of  the  cord  15. 

The  motion  which  slides  the  nut  along  the  quadrant  arm  is  produced  in  this 

way.    Durine  the  process  of  hacking  oS^  the  spiral  coils  of  yam  are  unwound 

from  the  en£  of  toe  spindles,  and  the  faller  is  depressed  when  the  counter 

faller  by  its  weight  rises,  and  takes  up  the  uncoiled  or  slack  yarn,  and  thus  the 

faller  wires  keep  up  the  tension  as  the  yam  is  uncoiline;.    Whilst  the  carriage 

is  running  in,  the  spindles,  in  winding  on  the  stretcn  of  yam,  take  up  by 

degrees  the  coil  yarn  also ;  and  as  this  is  effected,  the  faller  wires  are  brought 

to  nearly  the  same  level.    At  the  first  run-in,  this  approach  of  the  faller  wires 

takes  place  only  as  the  carriage  comes  up  to  the  rollers.    The  power  of  winding 

on  increasing  as  the  diameter  of  the  cop  enlarges  in  the  subsequent  stretches, 

the  coil  yam  gets  taken  up  before  the  carriage  has  run  home ;  and  when  this 

occurs,  tne  descent  of  the  counter  faller  allows  the  eovemox  lever  u  to  fall,  and 

to  pinch  the  endless  strap  i  against  the  stud  v.  With  the  motion  of  the  carriage 

the  striq^  is  dragged  along,  and  turns  the  leading  screw  o,  which  slides  the  nut  n 

towards  the  circumference  of  the  quadrant    The  strap  continues  to  be  dragged 

until  the  retardation  of  the  taking  up,  from  the  diminished  veloci^  of  the  spinr 

dies  thus  produced,  permits  the  counter  faller  again  to  rise  and  reheve  the  strap 

fi^m  the  pinch  of  the  lever.    In  this  way  the  nut  n  b  made  to  advance  upon 

the  quadrant  arm,  in  proportion  as  the  expanding  diameter  of  the  cop  aocele* 

rates  the  action  of  winding  on,  and  a  correspondent  abatement  in  the  whole 

number  of  revolutions  of  Uie  spindles  is  the  result     As  soon  as  the  cop  has 

attained  its  full  diameter,  that  is,  when  the  bottom  is  formedt  the  winding  on 

power  then  remaining  uniform,  the  governor  lever  is  no  longer  made  to  act 

upon  the  strap,  and,  consequently,  the  nut  n  travels  no  farther  firom  the  centre 

of  the  quadrant  during  the  completion  of  the  cop.    Besides  the  adjustment  of 

the  whole  amount  of  winding  on  motion,  each  stretch  is  adjusted  to  the  growing 

diameter  of  the  cop,  which  is  effected  by  causing  the  point  of  attachment  of 

the  draff  cord  15  to  advance  progressively  upon  the  rim  of  the  barrel  14.    The 

grooved  arm  of  the  quadrant,  oy  carrying  the  point  of  attachment  of  the  cord  15, 

after  the  first  stretch  through  an  arc  of  about  90o  at  each  mn-in,  causes  the 

cord  to  be  uncoiled  from  the  barrel  14,  by  a  ratio  increasing  as  the  carriage 

recedes  from  the  quadrant;  and  this  variable  rotation  of  the  barrel  is  increased 

by  the  successive  shifts  of  the  nut  n  from  the  centre  of  the  quadrant,  thus 

a^pting  the  rotation  of  the  ^indies  to  the  winding-on  powers  of  the  cop, 

durough  its  various  diameters  from  the  base  to  the  summit  of  the  cone.  Having 

now  described  my  improved  mechanism  fi>r  adapting  the  rotation  of  the  spindle^ 

to  the  regular  taking  up  of  the  yam  or  roving,  as  the  form  and  diameter  of  the 

cop  changes  throughout  the  operation  of  winding  on,  I  do  hereby  declare,  that 

my  invention  consists  in  the  method  or  means,  to  be  employed  for  that  purpose 

hereinbefore  described.      The  mechanbm  thus  employed  by  me  affects  the 

rotation  of  the  spindle  in  two  ways ;  first,  rotatory  motion  is  given  to  a  dmm 

or  barrel,  which  turns  the  spindles  whilst  the  carriage  is  running  in  by  uncoiling 
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from  it  a  portion  of  a  cord,  strap,  or  chain,  attached  to  the  drum,  and  having 
its  other  extremity  fastened  at  some  point  in  a  radial  arm  which  describes  an 
arc,  whilst  the  winding- on  drum  is  receding  from  the  point  of  attachment  of 
the  cord  in  a  right  line.  This  compound  motion  adjusts  the  rotation  of  the 
spindles  to  the  varying  power  of  taking  up  by  the  conical  cop  as  the  yam  or 
rovin?  is  being  coiled  on  its  different  diameters,  during  the  winding  on  of  each 
stretch.  Secondly,  during  the  progress  of  the  formation  of  a  cop,  the  situation 
of  the  point  of  attachment  €i  the  uncoiled  end  of  the  cord,  strap,  or  chain,  on 
the  roaial  arm,  is  changed  progressively,  as  the  increasing  bulk  of  the  cop 
demands  fewer  revolutions  of  the  spindles  to  take  up  the  stretch,  and,  conse- 
ouently,  there  is  a  shorter  length  of  the  cord  to  be  uncoiled  from  the  barreL" 
We  refer  the  reader  to  the  articles  Spinning  and  Weaving  for  further  infer* ' 
matton  on  this  important  branch  of  art,  as  cotton  is  not  the  only  fibrous  matter 
to  which  such  mechanism  is  applicable.  It  is  a  remarkable  circumstance  in  the 
cotton  manufacture,  and  highly  nonourable  to  British  skill,  that  all  its  numerous 
and  varied  operations  are  performed  by  machinery.  Mr.  -Baines,  in  his  valuable 
ffisiory  of  ike  Cotton  Manufacktref  justly  observes,  *'  It  is  by  iron  finders,  teeth, 
and  wheels,  moving  with  exhaustless  energy  and  devouring  speed,  that  the 
cotton  is  opened,  cleaned,  spread,  carded,  drawn,  roved,  spun,  wound,  warped, 
dressed,  and  woven.  The  various  machines  are  proportioned  to  each  other  in 
regard  to  their  capability  of  work^  and  they  are  so  placed  in  the  mill  as  to  allow 
the  material  to  be  carried  from  stage  to  stage  with  the  least  possible  loss  of 
time.  All  are  moving  at  once,  the  operations  chasing  each  other;  and  all 
derive  their  motion  from  the  mighty  engine,  which,  fimuy  seated  in  the  lower 
part  of  the  building,  and  constantlj^  fed  with  water  and  fiiel,  toils  through  the 
day  with  the  strength  of  perhaps  a  hundred  horses.  Men,  in  the  meanwhile, 
have  merely  to  attend  on  this  wonderful  series  of  mechanism,  to  supply  it  with 
work,  to  oil  its  joints,  and  to  check  its  slight  and  infrequent  irregulanties ;  each 
workman  performing,  or  rather  snperintending,  as  much  work  as  could  have 
been  done  by  two  or  three  hundred  men  sixty  years  ago.  At  the  approach  of 
darkness,  the  building  is  illuminated  by  jets  of  flame,  whose  brilliance  mimics 
the  light  of  day,  the  produce  of  an  invisible  vapour  generated  on  the  snot. 
When  it  is  remembered  that  these  inventions  have  been  made  within  the  last 
seventy  years,  it  must  be  acknowledged  that  the  cotton  mill  presents  the  most 
striking  example  of  the  dominion  obtained  by  human  science  over  the  powers 
of  nature,  of  which  modern  times  can  boast." 

COULTER.  A  stout  iron  knife  or  blade  fixed  to  the  beam  of  ploughs,  which 
serves  to  cut  out  the  furrows. 

COUNTERBALANCE.  A  weight  applied  to  balance  the  vibrating  paifs  of 
machinery  upon  their  axes,  so  as  to  cause  them  to  turn  fi-eely,  and  to  require 
little  power  to  put  them  in  motion ;  also  a  weight  by  which  a  lever  acted  upon 
by  an  intermitting  force  is  returned  to  its  position,  as  in  the  case  of  the  beam 
of  a  single  acting  steam  engine. 

COUPLING  BOX.  A  mode  of  permanently  connecting  two  shofls:  they 
are  variously  constructed,  the  most  common  being  simply  a  tube  embracing  the 
end  of  each  shafl,  with  a  pin  or  bolt  passed  through  each. 

CRAB.  A  kind  of  small  capstan,  consisting  of  an  upright  shaft,  having 
several  holes  at  the  top,  through  which  long  bars  or  levers  are  thrust  The 
name  of  crab  is  likewise  given  to  a  simple  portable  crane,  on  the  wheel-and- 
axle  principle,  and  chiefly  used  for  raising  ouilding  materials  to  the  tops  of 
houses,  &c.  There  is  a  machine,  likewise  called  a  crab,  that  is  used  in  launching 
ships,  or  heaving  them  off*  or  on  to  their  ways  or  slips. 

CRADLE  is  a  name  given  to  a  supporting  frame  of  timbers,  which  is  placed 
under  the  bottom  of  a  ship,  in  order  to  conduct  her  steadily  into  the  water 
when  she  is  to  be  launched,  at  which  time  it  supports  her  weight  while  she 
slides  down  the  inclined  plane  or  slip,  which  is  for  this  purpose  smeared  with 
■oap.  The  bedsteads  for  wounded  seamen  are  also  called  cradles ;  these,  as 
well  as  those  used  for  rocking  children,  require  no  particular  description. 

CRAMP.  A  portable  kind  of  iron  press,  chiefly  designed  and  employed  for 
closely  compressing  the  joints  of  frame-work.     See  Flooring  Cramp. 


CRANE.  A  machine  employed  si  whvtt,  wtnhoiuei,  &&  fbr  tuuug  and 
kwcring  goods ;  it  conaiiti  of  a  long  projecting  Mm,  called  the  jib,  hanng  ■ 
pulley  at  die  outer  end,  over  vhich  pauei  the  rope  or  chain  by  which  the  goodt 


m  nlied,  the  other  «nd  of  the  rope  being  wound  round  a  baml  either  attached 
«  the  foot  of  the  jib,  or  placed  at  an  j  conTauient  diitance  from  it.  Vatioiu 
iwda  have  been  raortea  to  for  taroiiig  the  chain  bcrrel ;  on  pien  aud  jetdn 
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it  is  frequently  placed  erect,  and  worked  like  a  capstan :  another  method  whkh 
was  formerly  very  common,  but  is  now  little  usea,  was  to  place  it  horiiontally^- 
and  connect  it  with  the  axis  of  a  large  hollow  dnim,  within  which  were  placed 
a  number  of  men,  who,  by  stepping  upon  battens  nailed  upon  the  interior 
circumference  parallel  to  the  axis,  caused  the  drum  to  revolve.  But  the  most 
effective  and  best  mode  of  employing  the  strength  of  men  in  working  cranes 
(in  situations  which  will  admit  of  its  application),  is  that  invented  and  patented 
by  Mr.  Hardy :  as  in  the  preceding  plan,  the  chain  barrel  is  connectea  with  a 
large  dmm  fixed  upon  a  horizontal  axis,  but  the  steps  upon  which  the  labourers 
tread  are  ranged  upon  the  outside  (instead  of  the  inside)  of  the  drum,  radiating 
like  the  floats  of  an  undershot  water-wheel,  and  the  labourers  continually  step 
upon  that  arm  or  step  wliich  is  horizontal,  so  as  always  to  act  upon  the  longest 
lever.  One  or  more  of  these  cranes  were  erected  at  the  East  Inoia  Warehouses, 
and  the  principle  has  been  since  rendered  familiar  to  one  venr  numerous 
portion  ot  the  public  by  the  invention  ascribed  to  Mr.  Cubitt,  of  Ipswich, — 
called  the  treadmill. 

The  preceding  figure  represents  a  side  elevation  of  Mr.  L.  Wright's  patent 
crane,  erected  at  the  West  India  Docks,  and  which  was  the  subject  of  much 
acrimonious  controversy  amongst  some  of  the  scientific  periodicals  of  the  time, 
a  is  Uie  principal  wheel,  fixed  to  and  revolving  with  the  chain  barrel  b  on  ^e 
axis  e ;  the  periphery  of  the  wheel  c  is  made  perfectly  flat  on  both  sides,  for 
the  reception  of  the  numerous  small  wheels  d,  alternately  placed  on  the  opposite 
sides  of  the  ring,  with  their  axes  fixed  into  it;  these,  which  may  be  called 
friction  wheels,  are  solid,  about  an  inch  thick,  and  five  inches  in  diameter — 
they  are  turned  smooth,  and  made  bright  in  all  parts ;  «  «  are  two  (of  four) 
levers,  worked  by  a  four-throw  crank //turned  by  the  winches  ffg;  the  levers 
pass  between  gmdes  at  o,  and  slide  over  rollers  at  p,  which  form  the  fulcrum  of 
the  levers;  and  by  the  revolutions  of  the  cranks  the  levers  are  successively 
projected  against  the  under  sides  of  the  small  wheels  d,  from  whence  they  are, 
by  the  continued  revolution  of  the  cranks,  again  withdrawn,  and  again  projected 
under  the  next  little  wheel  below  the  former,  each  wheel  being  raised  by  the 
angular  motion  of  the  lever  over  which  it  rolls.  It  should  be  obwrved  that  only 
one  side  or  half  of  the  machine  is  seen,  the  other  side  being  a  duplicate  of  it, 
having  two  similar  levers,  large  wheel,  and  smaller  wheels,  &c.  The  machine 
(as  delineated)  is  in  gear ;  to  put  it  out  of  gear  a  locking  bar  t  is  lifted,  and 
thrown  into  the  position  shown  by  the  dotted  lines ;  then  the  framing  r  which 
carries  the  crank,  inclined  planes,  and  fly-wheel,  and  turns  upon  the  centre  s, 
is  thrown  back,  by  which  tne  axis  of  the  crank  moves  in  the  arc  of  a  circle 
(shown  by  dots)  to  the  position  n.  What  mechanical  advantage  the  inventor 
expected  to  obtain  by  this  singular  construction,  it  is  hard  to  say ;  the  machine 
is  cumbersome  and  unsightly,  has  a  complication  of  parts,  in  which  the  friction 
far  exceeds  that  of  a  well-made  crane  of^  the  common  construction,  to  which  it 
is  also  decidedly  inferior  in  the  circumstance  of  afibrding  no  means  of  altering 
the  power  or  velocity  according  to  the  weight  to  be  raised.  The  method  adopted 
by  the  inventor  for  putting  the  machine  in  and  out  of  gear  is  also  very  defective; 
but  if  the  crane  ottered  any  advantages  in  other  respects,  this  latter  defect 
might  be  obviated. 

In  Mr.  Revises  patent  crane,  which  we  are  about  to  describe,  the  alternating 
motion  of  a  single  lever  is  employed  to  produce  rotatory  motion  by  means  of  a  well- 
known  mechanical  arrangement,  instead  of  producing  such  motion  by  turning  a 
winch.  The  engraving  on  the  succeeding  page  represents  an  elevation  of  this 
machine,  a  is  the  alternating  lever  (shown  as  broken  into  two  parts  for  want  of 
space),  and  having  a  counterbalance  at  x  ;  it  is  on  the  opposite  side  of  the  machine 
to  that  represented,  and  its  fulcrum  being  the  axis  of  the  toothed  wheel  6,  which 
gears  into  anodier  toothed  wheel  c,  motion  is  given  to  both  wheels  in  opposite 
directions.  These  two  wheels  are  shown  merely  by  two  dotted  circles,  to  avoid 
confusion  in  the  drawing.  On  the  axis  of  the  wheels  h  and  c  are  placed  the 
wheels  d  and  «,  which  are  not  fixed  to  the  axles,  but  turn  loosely  upon 
them ;  each  of  these  wheels  carry  four  palls  or  clicks,  which  fall  into  the 
notches  of  two  ratchet  wheels /and  g  that  are  fixed  to  the  axis  on  which  if  and 
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«  turn  hatefy.  The  operab'on  of  tlie  )«tct,  therefore,  irhicli  eauM*  tiie  two  firit 
mentioned  vheeli  t  and  c  to  revolve  in  oppoeite  dir«ction>,  producn  precbely 
the  BBtne  effect  upon  the  ratchet  wheeli  /g.  It  will  now  be  obterred  that 
the  ratchet  teeth  and  palU  of  both  wheeli  incline,  in  respect  to  each  other,  in 
the  ume  direction  ;  and  ai  the  ratcheti  are  turned  round  b  opposite  direetioiit, 
the  polU  in  one  wheel  ilip  over  the  ratchet  teeth,  while  Id  the  other  wheel  the 
palla  catch  into  the  ratchet ;  the  latter  ii  thereby  locked  to  the  toothed  wheel, 
which  now  operates  upon  the  toothed  wheel  I  on  the  working  barrel,  upon  which 

the  rope  or  chain  r  a  woi  -^     " — ' "-' 

(which  we  will  luppote  tt 


chain  r  is  wound.   During  this  process,  the  other  wheel  and  ratchet 
lo  be  df)  hu  no  effect,  from  their  not  being  connected ; 


an  opposite  direction  to  e  the  wheel  I  is  turned  round  in  the  same  direction  as 

Kviously  and  the  rope  or  chain  on  the  Larrel  proceeds  in  an  uniform  course, 
ring  lliu(  explained  the  manner  in  which  the  motion  of  the  lever  a  is  com- 
municated to  the  other  wheels  b  c,  and  thence  to  the  rest  of  the  machine, 
it  is  ohriouB  that  the  putting  of  the  wheel  b  out  of  gear  with  the  wheel  c,  will 
atop  the  forward  action  of  the  crane ;  this  is  effected  by  means  of  the  lever  A, 
which  turns  horizontally  upon  a  fulctum  pin  at  i,  and  slides  the  axis  in  its 
bearings,  go  that  the  wheels  u  and  c  are  placed  out  of  contact  with  each  other. 
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This  u  done  when  it  is  intended  to  lower  the  rofM  or  chain ;  but  if  a  weight 
or  goods  be  appended  to  it,  the  friction  band  mm  is  made  to  press  ^^nst  the 
penphery  of  the  fly-wheel  k  by  raising  the  lever  n,  which,  having  ito  fulcrum  at 
o,  draws  the  friction  band  tighUy  over  the  fly-wheel,  and  the  goods  are  thus 
lowered  with  safety  and  expedition.  But,  for  general  purposes,  the  wheel  and 
pinion  turned  by  a  winch  is  superior  to  all  other  modes  of  workmg  cranes,  and 
more  particularly  u  it  superior  to  any  arrangement  of  reciprocating  lever%  as  it 
produces  a  smooth  oontimious  circular  motion,  avoids  the  jerks  and  concussions 
attending  the  latter,  and  saves  a  vast  deal  of  friction,  complexity,  and 
expense ;  accordingly,  we  6nd  the  wheel  and  pinion  now  generally  adopted 
almost  to  the  exclusion  of  every  other  method.  We  have  alreadyatated  that 
the  barrel  is  sometimes  attached  to  the  jib  so  as  to  turn  with  it  ^  The  annexed 
engraving  represents  an  excellent  construction  of  a  crane  of  this  descriijtion, 
several  of  which  are  erected  upon  the  wharfs  of  the  Regent's  Canal,  a  is  an 
upright  pillar  of  cast  iron  firmly  fixed  in  a  foundation  of  masonry ;  6  a  pin  in 


the  head  of  a,  which  supports  the  jib  c,  and  forms  the  pivot  round  which  it 
turns ;  d  d  two  struts,  supporting  the  extremities  of  the  jib,  and  the  lower 
ends  resting  on  a  collar  e  encircling  the  lower  part  of  the  pmar,  which  collar  is 
suspended  from  the  jib  by  the  iron  rods//;  g  is  one  of  the  side  frames  sup- 
porting the  barrel  h;  k  a  toothed  wheel  on  the  axis  of  the  barrel^  and  turned 
by  a  pinion,  on  the  axis  of  which  is  fixed  the  winch  L  The  crane  u  turned 
round  upon  its  pivot  by  means  oi  the  winch  m,  which,  by  means  of  an  inter- 
mediate wheel  and  pinion,  turns  the  pinion  ft,  working  in  the  wheel  o,  fixed  to 
the  base  of  the  pillar  a. 

The  following  figure  represents  a  modification  of  the  wheel  and  axle,  known 
by  the  name  of  the  "  Chinese  Crane,"  which,  for  simnlicit;^  of  construction 
and  immense  power,  far  siurpasses  any  other  machine  wnich  is  applied  to  pur- 
poses for  which  this  is  adapted;  and  however  its  modest  and  unassuming  appear- 
ance may  prevent  its  admission  into  the  elegant  companies  of  wheeu  and 
pinions,  which  we  see  associated  together  in  this  age  of  mechanical  combination, 
there  can  be  little  doubt  that  it  will  eventually  work  its  way  into  notice  by  its 
own  merits,  to  the  dii^acement  of  some  of  those  complicated  arrangements  of 
wood,  iron,  and  brass,  which,  in  some  cases,  seem  to  be  erected  for  no  other 
purpose  than  for  employing  a  horse  to  do  the  work  of  a  man.  The  construction 
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of  ibis  machine  will  be  readily  under- 
stood by  reference  to  the  figure,  a  b 
is  a  windlass,  wbicb  is  worked  by  a 
winch  or  han^e  e  d.  It  will  be  seen  that 
the  windlass  a  b  partakes  of  two  diame- 
ters,  that  part  from  a  to  «  bemg  lareer 
than  the  remaining  part  eb;  the  com  a 
is  wound  round  the  part  a  e  of  the  wind- 
lass, and  is  passed  under  the  movable 
pulley  h  t,  and  carried  over  the  part 
e  b  of  the  windlass,  on  the  opposite  side 
to  that  fti>m  which  it  descended  at  a  e; 
the  weight  to  be  raised  is  suspended  from 
the  pulley  h  i.  Now  if  a  power  be  applied 
at  d,  and  the  windlass  be  caused  to  make 
one  revolution,  a  portion  of  the  cord  g 
equal  to  the  circumference  of  the  part 

a  ^  of  the  windlass,  will  have  been  wound  on  to  the  windlass ;  but  the  part  e  b 
of  the  windlass  has  also  made  one  revolution,  consequently  a  portion  of  the 
cord,  equal  to  the  circumference  of  e  &,  has  descended,  so  Chat  after  one  revo- 
lution the  cord  will  have  been  shortened  a  quantity  equal  to  the  difference 
between  the  larger  and  smaller  barrel  of  the  windlass;  but  as  this  difference 
has  been  divided  between  the  two- parts  of  the  cord  g  and  k,  it  follows  that  the 
weight  has  been  raised  through  a  space  equal  to  only  half  the  difference  of  the 
circumferences  a  e  and  e  b.  But  as  circles  are  to  each  other  as  their  radii,  the 
following  simple  rule  may  be  deduced  for  calculating  the  power  of  these 
machines;  as  c  d^  the  radius  of  the  winch,  is  to  half  the  difference  of  the  radii 
of  the  parts  of  the  windlass  a  e  and  e  b,  so  is  the  weight  w  to  the  power  which 
is  necessaiy  to  produce  an  equilibrium.  For  example,  put  c  d=slS,  the  radius 
a  e=6,  and  the  radius  e  6=3;  and  suspend  a  weignt  of  108  lbs.  from  hi;  we 
then  have  6 — 3-£.2=l),  and  asl8:  I}::108:9;  consequently  a  power  of  9 
applied  at  the  point  d  would  be  equivalent  to  a  weight  of  108  lbs.  acting  upon 
the  pulley  h  L  This  subject  may  perhaps  be  better  understood  by  referring  to 
the  annexed  diagram,  where  a  e  represents  the 
radius  of  the  larger  part  of  the  windlass,  and  b 
the  smaller  radius,  e  d  being  the  radius  of  the 
winch ;  and  we  may  suppose  d  a  to  represent  a 
lever,  whose  fulcrum  ia  e ;  and  as  each  of  the 
ropes  ^  ^  bear  equal  parts  of  the  weight  of  108  lbs. 
we  represent  the  whole  weight  by  two  distinct 
weights  y  and  k  acting  upon  the  points  b  and  a 
of  the  lever  da;  ana  if  we  retam  the  propor- 
tions de=^\8,  ae=l6f  and  b  e=Sf  we  nave  a 
weight  k  on  one  side  of  the  fulcnim,  at  the  dis- 
tance of  b,  whose  quantity  is  54 ;  and  we  have  a 

power  of  54  actins  on  the  opposite  side  of  the  fulcrum,  at  the  distance  of  3. 
Now  it  will  easily  oe  seen  from  the  principles  of  the  lever,  that  g  will  sustain  a 
quantity  equal  to  )  ^,  consequently  there  will  remain  a  weight  of  27  acting 
at  a,  to  be  kept  in  eqnilibrio  by  a  force  applied  at  d;  but  ed  h  S  times  ea, 
therefore  a  power  equal  to  9  applied  at  d  would  balance  a  weight  of  27  acting 
at  a;  which  is  precisely  the  same  result  as  was  obtained  by  the  rule  before  laid 
down. 

CHANK.  A  short  arm  or  lever  fixed  to  a  shaft  in  any  machine,  and  set  in 
motion  by  a  connectinfi;  rod  proceeding  from  some  other  part  of  the  machine, 
which  has  a  reciprocating  motion  to  and  fro.  To  obtain  a  continuous  rotatory 
motion  of  the  crank  and  shaft  it  is  necessary  to  fix  upon  the  shaft  a  fly-wheel 
of  considerably  larger  radius  than  the  crank, — for  when  the  connecting  rod  lies 
in  the  same  mrection  or  right  line  as  the  crank,  and  no  longer  forms  any  angle 
with  it,  it  can  have  no  tendency  to  move  tlie  crank  to  either  side ;  but  the  heavy 
fly-wheel,  which,  from  its  greater  radius,  has  travelled  much  faster  than  the 
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crank,  has  acquired  a  connderable  momentum,  which  urges  round  the  crank 
when  the  connecting  rod  has  ceased  to  impel  it,  or  carries  the  crank  past  the 
dead  points,  as  it  is  called.  Although  this  means  of  obtaining  a  rotatory 
motion  had  long  been  in  practice  in  various  machines,  as  in  the  turning-lathe, 
and  knife-grinder's  wheel,  yet  it  is  a  sin^lar  fact  that  a  considerable  time 
elapsed  after  the  invention  of  the  steam  engme  ere  the  same  simple  and  effective 
method  was  employed  to  obtain  a  rotatory  movement  from  the  reciprocating 
action  of  the  engine  beam,  whilst  several  schemes,  exhibiting  much  contrivance 
and  ingenuity,  but  which  were  inadequate  to  the  object  in  view,  were  from  time 
to  time  proposed.  By  the  addition  of  the  crank  and  fl^-wheel  to  the  steam 
engine,  tne  latter,  which  before  was  chiefly  used  for  pumnmg  water,  has  become 
generally  applicable  as  a  prime  mover  of  machinery,  ana  its  utility  has,  in  con- 
sequence, been  augmented  a  thousand  fold.  But  the  utility  of  the  crank  and 
fly-wheel,  as  ^plicable  to  a  steam  engine,  consists  not  merely  in  converting 
rectilinear  into  circular  motion,  but  also  in  gradually  destroying  the  momentum 
of  the  piston,  and  bringing  it  gently  to  a  state  of  rest  at  the  end  of  each  stroke. 
It  is  a  law  of  nature  that  all  bodies  have  a  natural  tendency  to  preserve  their 
state  of  motion  or  of  rest,  until  opposed  by  some  external  force.  This  property 
of  matter  occasions  a  great  loss  of  power  in  the  ste^  engine,  where  a  massive 
beam,  with  all  its  appendages,  have  to  be  reversed  at  each  stroke  of  the  engine; 
and  were  it  suddenly  stopped  and  reversed  when  at  its  sreatest  velocity,  the 
shock  would  be  so  great  as  speedily  to  destroy  the  machinery.  The  loss  of 
power  employed  in  overcoming  the  vis  mertuB  of  the  beam  cannot  be  avoided, 
but  the  shock  at  the  reversal  of  the  motion  is  prevented  by  means  of  the  crank, 
in  a  maimer  which  will  be  best  explained  by  the  diagram  in  the  margin.  Let 
a  b  represent  the  crank  of  a  steam  engine,  equal  to  half 
the  length  of  the  stroke,  or  half  df,  and  let  </  c  a  c/  re- 
present the  semicircle  through  which  the  crank  travels 
whilst  the  piston  performs  a  stroke,  or  moves  through 
the  space  df.  Now,  when  the  crank  is  in  its  present 
position,  the  piston  is  at  its  greatest  speed,  and  travels 
with  nearly  the  same  velocity  as  the  crank,  moving  ^' 
through  the  space  bg  whilst  the  crank  passes  from  a  to  c.  f^ 
But  when  the  crank  moves  through  the  next  portion  of 
its  revolution  c  d,  equal  to  the  former  portion  a  c,  the 
piston  only  moves  through  a  space  equal  to  ^  i^  in  the 
same  time  as  it  before  moved  throu^  the  space  b  g^ 
which  is  nearly  double  g  d :  hence  it  is  seen  that  the  y^ 
crank,  by  diminishing  the  speed,  is  admirably  adapted  for 
preventing  the  shock  which  would  be  experienced  from  S*' 
too  sudden  a  reversal  of  the  motion.  A  want  of  a 
thorough  comprehension  of  the  mode  in  which  the  fly>wheel  and  crank  operate, 
has  been  the  origin  of  many  attempts  to  supersede  them.  Of  these  we  shall 
only  notice  the  following,  which  is  the  invention  of  Mr.  J.  Apsey. 

At  lig,  1,  page  421,  is  an  elevation  of  the  apparatus ;  a  a  is  a  strong  elliptical 
frame  of  cast  iron,  having  fixed  on  each  side  a  toothed  rack  b  c.  This  frame  is  sup- 
posed to  be  immediately  connected  to  the  piston  rod  of  a  steam  engine  or  other 
rectilineal  moving  force,  the  motion  of  which  causes  the  toothed  wheels  (f  and 
e  (the  wheel  c  is  behind  <^  as  is  shown  in  the  edge  view  of  them  at  Fig,  2,)  to 
revolve  on  the  axis  ^  which,  axis  communicates  its  motion  and  force  to  whatever 
macliinery  may  be  connected  to  it.  fg  are  two  ^ide  bars,  and  Hj  are  two 
guide  rings  or  annular  plates,  in  front  of  the  wheels  d  and  e,  which  serve  to 
keep  their  respective  parts  in  their  proper  places.  It  will  be  observed  that  the 
frame  a  a  is  represented  at  the  lowest  point  of  its  descent  *  during  such  descent 
it  turns  round  the  wheel  d  by  means  of  the  rack  ^,  and  at  the  same  time  causes 
a  revolution  of  the  axis ;  by  the  ascent  of  the  frame  the  wheel  d  revolves  the 
contrary  way,  but  it  then  runs  freely  upon  the  axis,,  so  as  to  have  no  influence 
upon  it ;  during  the  same  time  the  opposite  wheel  e  becomes  locked  to  the  axis, 
and  by  means  of  the  rack  causes  the  axis  to  continue  revolving  in  the  direction 
given  to  it  by  the  previous  operation  of  the  wheel  </,  as  will  be  best  understood 
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bjr  ui  explanation  or  fig.  2,  which  cihibita  the  toothed  whceli  and  (ud*  diitinet 
from  the  frame  and  lide  rsclu.  To  each  of  the  wheeli  d  and  e  are  fixed  the 
guide  rinn  hj,  and  a  clutch  box  k  I,  arhieh  turn  with  the  wheels  on  a  imooth 
part  of  &e  axis,  a»  shown  at  t  in  the  Mparate  Fig.  3.  These  wheels  are 
altematelv  connected  to  the  aii*,  to  give  it  motion,  bj  means  of  the  clutches 
op,  which  have  merely  a  sliding  motion  along  the  aii*,  and  are  constantly 
pressed  against  the  boxes  it  /  by  means  of  helical  springs  o  r  wound  upon  the 
axis,  and  confined  in  a  eaae,  as  repreaenied  in  the  figure.  The  clutches  op  hare 
groove*  made  in  them,  aa  shown  by  the  end  views  of  them  given  ia  the  separate 


figure  o  j>,  tliRHigti  which  the  stuts  >  (,  P^.  3,  slide,  and  secure  them  to  turn 
round  with  the  axis.  As  the  action  of  tlie  apparatus  may  not  be  quite  clear  10 
some  of  our  readers  by  the  foregoing,  we  will  just  repeat  that  the  raising  of  the 
elliptical  frame  containing  the  side  racks,  causes  the  wheel  e  to  operate  upon 
the  axis  by  its  becoming  locked  to  it  by^e  agency  of  the  clutch  p;  but  on  the 
motion  of  the  frame  being  reversed,  by  the  Tcciprocating  action  of  the  piston  rod, 
or  other  rectilineal  moving  force,  the  wheel  e  is  released  from  the  axis,  and  the 
other  wheel  if  becomes  locked  to  it  by  the  agency  of  the  clutch  o,  which  carries 
the  axis  round  in  the  direction  previously  given  lo  it,  and  by  the  repetition  of  the 
alternations  of  the  &ame,  the  axis  is  caused  to  revolve  continually  in  the  same 
direction.  Motion  is  oflen  required  to  be  communicated  to  machinery  at  a 
distance  from  the  first  mover,  and  this  is  usually  effected  by  a  metallic  shaft, 
which,  if  the  distance  between  the  machinery  and  tha  first  mover  be  great, 
must  be  made  of  considerable  thickness,  to  prevent  its  being  twisted  lo  pieces 
by  the  power  applied,  or  else  by  chains,  atrsps,  or  ropes,  which,  to  prevent  their 
supping  on  the  drums  or  pulleys  over  which  they  pass,  causes  considerable 
impediment  to  the  motion  by  friction.   These  are  inconvenience*  which  cannot 
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in  all  cases  be  avoided ;  but  under  ftome  circumstances  the  following  metbod  of 
transmitting  motion  througb  the  medium  of  three  rods  and  two  triple  cranks, 
connecting  the  machinery;  with  the  first  mover,  might  be  introduced  with 
considerable  advantage.    The  apparatus  is  represented  with  the  axes  of  motion 

?)aced  horizontally  by  Fig.  1,  and  with  the  axes  placed  vertically  by  Fig.  2. 
'he  same  letters  represent  similar  parts  in  both  figures.     It  will  be  perceived 
.  that  the  motion  may  be  in  the  direction  shown  by  the  arrows,  or  the  contrary ; 
and  hence  it  may  be  reversed  at  pleasure.      The  triple  crank  ab  c,  to  be 
put  in  rotation  by  any  first  mover,  is  connected  by  three  rods  to  a  similar 
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crank  or'  If  e'  of  equal  dimensions ;  and  as  the  cranks  project  from  the  axes  at 
equal  distances,  there  will  always  be  one  of  them  in  a  position  to  produce  a 
pulling  action,  and  hence  there  will  be  no  necessity  for  having  the  conducting 
rods  stronger  than  what  may  be  sufficient  to  sustain,  by  tension,  the  resistance 
of  the  machine  to  be  put  in  motion,  and  thus  the  expense  of  transmitting 
motion  by  this  method  to  a  considerable  distance  will  be  very  small.  The 
motion,  too,  will  be  perfectly  uniform  ;  for  as  the  leverage  of  tie  crank  o,  for 
instance,  diminishes  by  its  rotation,  that  of  the  corresponding  crank  a  will  be 
equally  diminished ;  so  that  whatever  motion  is  produced  by  the  first  mover 
will  be  faithfully  transferred  to  the  machinery. 

CRAPE.  A  light  kind  of  stuff,  somewhat  like  gauze,  much  used  in  mourn- 
ing. It  is  made  of  raw  silk,  jammed  and  twisted  in  the  mill,  and  woven  without 
crossing.  Crapes  are  either  crisped  or  smooth;  the  first  double,  expressing 
a  closer  mourning ;  the  latter  single,  used  for  denoting  a  less  portion  of  grief. 
The  silk  destined  for  tlie  first  is  more  twisted  than  that  for  the  second;  it  being 
the  greater  or  less  degree  of  twisting,*^especially  of  the  warp,  which  produces 
the  crisping  given  to  it :  when  taken  out  of  the  loom,  it  is  steeped  in  clear 
water,  and  rubbed  with  a  piece  of  wax  for  that  purpose.  Crapes  are  all  dyed 
raw. 

CRAYON  is  a  general  name  given  to  various  mineral  and  vegetable  sub- 
stances used  in  designing  or  painting  in  pastil,  whether  they  have  been  beaten 
and  reduced  to  a  paste,  or  are  used  in  their  primitive  consistence,  after  sawing 
or  cutting  them  into  Ion?  narrow  slips.  In  this  last  manner  red  crayons  are 
made  from  red  chalk;  wliite,  from  wnite  chalk;  black,  from  charcoal  and  black 
lead.  Crayons  of  all  other  colours  are  compositions  of  earths  reduced  to  paste. 
The  tempering  of  crayons  is  found  to  be  an  operation  of  jp;reat  nicety,  to 
avoid  their  being  so  hard  as  to  impart  an  insufficient  supply  of  colour ;  or,  on 


CRUCIBLE.  423 

the  contrary,  so  soft  as  to  crumble  away,  and  to  be  little  better  than  a  powder 
upon  the  paper.  A  variety  of  slightly  glutinous  fluids  have  been  proposed  to 
give  them  the  due  degree  of  coherence ;  nut  the  strength  and  the  kmd  of  fluid 
used  requires  to  be  varied  according  to  the  nature  of  the  colour  to  be  employed. 
The  English  manufacturers  employ  a  variety  of  substances  for  this  purpose ; 
among  which  may  be  mentioned  ale-wort,  rendered  glutinous  by  boiling,  and 
gum  tragacanth.  It  is  obvious  that  the  marks  made  upon  paper  by  such  com- 
positions as  we  have  mentioned,  can  be  but  slightly  attached  to  the  paper,  and 
that  they  are  extremely  liable  to  be  injured  or  defaced.  Various  means  have 
been  resorted  to  for  fixing  them  in  such  a  manner,  that,  without  having  their 
tints  injured,  they  may  be  enabled  to  bear  rubbing.  When  the  picture  is  made 
on  unsized  paper,  Cathery  recommends  the  back  to  be  brushed  over  with  a  size 
made  of  half  an  ounce  of  isinglass,  and  two  drachms  of  powdered  alum,  boiled 
for  a  quarter  of  an  hour  in  a  quart  of  water,  and  strained.  This  size,  used 
milk-warm,  penetrates  the  paper,  and  eflectually  fixes  the  picture.  He  dso 
recommends  another  way,  wliich  is  applicable  to  larj?e  drawuigs  done  on  sized 
paper ;  it  consists  in  sponging  with  the  glutinous  fluid  a  piece  of  unsized  or 
blotting  paper,  of  the  same  size  as  the  picture:  This  wetted  paper  being  laid  flat 
upon  a  table,  the  face  of  the  picture  is  pressed  upon  it  m  every  part.  The 
chalk  thus  becoming  wet  with  size  adheres  to  the  original  siuriace,  and,  by 
taking  care  wholly  to  avoid  the  smallest  sidcwise  motion  whilst  the  two  surfkcea 
are  in  contact,  the  colours  are  not  in  the  least  daubed,  nor  is  the  minute  quan- 
tity of  colour  transferred  to  the  blotting  paper  any  injury  to  the  piece.  Sebas^ 
tian  Grandi,  an  Italian  artist,  communicatea  to  the  Society  of  Arts  a  process 
for  preparing  crayons,  which  are  stated  to  be  of  a  quality  greatly  superior  to 
those  commonly  or  previously  in  use,  being  fixed  so  as  to  prevent  their  bein^ 
rubbed  off*  the  paper  when  used,  and  are  applicable  alike  to  water  or  ou 
paintings.  These  crayons  are  made  of  bone-ash  powder,  mixed  with  sper- 
maceti, adding  thereto  the  colouring  matters.  The  P£pper  proportion  is  three 
ounces  of  spermaceti  to  one  pound  of  the  powder.  The  spermaceti  to  be  first 
dissolved  in  a  pint  of  boiling  water,  then  the  white  bone-ash  added,  and  the 
whole  to  be  ground  well  together  with  as  much  of  the  colouring  matter  as  may 
be  necessary  for  the  shade  of  colour  wanted.  They  are  then  to  be  rolled  up  in 
their  proper  form,  and  gradually  dried  upon  a  board. 

CREAM.  The  oily  part  of  milk  which  rises  to  the  surface  of  that  liauid, 
mixed  with  a  little  curd  and  serum.  When  churned,  butter  is  obtained.  Heat 
separates  the  oily  part,  but  injures  its  flavour. 

CROWN  SAW.  A  species  of  circular  saw  formed  by  cutting  the  teeth 
round  the  edge  of  a  cylinder. 

CRUCIBLE.  A  pot  in  common  use  for  a  variety  of  chemical  purposes.  It 
is  generally  made  of  clay,  and  is  designed  to  withstand  a  strong  heat  The 
best  crucibles  for  this  purpose  are  the  Hessian  crucibles,  composed,  according  to 
Pott,  of  a  mixture  of  very  refractory  clay  with  sand.  The  vessels  are  not 
turned  upon  a  potter's  wheel,  but  the  earth  is  kneaded  into  a  very  stifl*  mass, 
and  the  form  given  by  ramming  it  in  an  iron  mould.  A  composition  con- 
sisting of  two  parts  of  Stourbridge  clay,  and  one  part  of  the  hardest  coke,  well 
ground  and  tempered  together,  has  been  employed  with  excellent  results  by 
Mr.  Anstey,  of  Somers  Town.  The  following  description  of  his  process  is  an 
extract  from  his  account  published  in  the  Transadtons  cf  the  Society  cf 
ArU . — 

**  Take  two  parts  of  fine  ground  raw  Stourbridge  clay,  and  one  part  of  the 
hardest  gas  coke,  previously  pulverized,  and  sifted' tlirougli  a  sieve  of  one- 
eighth  of  an  inch  mesh.  Mix  the  ingredients  together  with  the  proper  quan- 
tity of  water,  and  tread  the  mass  well  (if  the  coke  is  ground  fine  the  pots  are 
very  apt  to  crack).  The  pot  is  moulded  bv  hand  on  a  wooden  block,  as  shown 
in  the  engraving  in  the  next  page,  in  which  a  is  the  bench ;  b  h  two  uprights 
supporting  a  cross-board  c  ;  a  the  wooden  block  on  which  the  pots  are  moulded, 
supported  on  a  spindle  e  which  turns  in  a  hole  in  the  bench ;  /a  gauge  to  regulate 
the  thickness  of  the  melting  pot,  as  shown  in  the  dotted  lines ;  g  a  cap  of  linen 
or  cotton,  placed  wet  on  the  core  before  the  clay  is  put  on — its  t»e  is  to  prevent 
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ihe  clay  from  Btickina  i^rtially  lo  the  core  vhile  it  ia  taking  off;  the  cap  adherM 
to  (he  pat  only  white  wet,  and  may  be  renewed  without  trouble  or  haxard  (to 
the  pot)  when  dry ;  h  a  wooden  bat  to  auiit  in  moulding  the  pot ;  when 
moulded,  they  are  ctuetiilly  dried  at  a  gentle  heat  A  pot  dried  ai  aboTe,  when 
waaled  for  use,  is  first  warmed  by  the  Gie-iide,  and  is  then  laid  in  the  fumaca 
wilh  the  mouth  downwards  (the  red  cokes  being  previously  damped  with  coM 
on«s  in  ord«r  t«  leeaen  the  beat) ;  more  coke  ia  then  thrown  in  till  the  pot  ia 


covered,  and  it  is  then  brought  up  gradually  to  a  red  heaL  The  pot  U  then 
turned  and  filled  in  a  proper  position  m  [he  furnace,  without  being  allowed  to 
cool,  and  is  then  chai^d  with  cold  iron,  so  that  the  metal,  when  melted,  shall 
have  its  . surface  a  little  below  the  mouth  of  the  pot.  The  iron  is  melted  in 
about  an  hour  and  a  half,  and  no  flux  or  addition  of  any  kind  is  made  use  of. 
A  pot  will  last  fur  fourteen  or  even  eighteen  successive  meltings,  provided  it  ia 
not  allowed  to  cool  in  the  iatervals;  but  if  it  cools,  it  probably  cracki.  Thes* 
pota  will  bear  a  greater  heat  than  othen  without  softening  and  will,  craise- 
quently,  deliver  the  metal  in  a  more  fluid  state  than  the  best  Birmingham  pota 
wilt."  Crucible*  are  also  aometimes  made  of  porcelain,  plumbago,  iron,  silver, 
and  platina. 

CRYSTALLIZATION.  That  proceM  of  nature  by  which  the  particlea  of 
bodies  are  arranged  systema^cally  in  pasaing  from  a  liquid  to  a  solid  slate.  Th> 
phenomena  of  crystallization  have  much  engaged  the  attention  of  modem 
chemists,  wilh  a  view  to  determine  exactly  the  diSerent  figures  awumed  by 
talb  in  crystalliiing ;  but  it  does  not  yet  appear  that  any  certain  rute  can  be 
lud  down  in  these  cases,  as  theae  figure*  maybe  varied  by  the  slightest  circum- 
stances, so  that  the  same  salt  frequently  assume*  various  figures,  and  very 
different  substances  sometimes  present  themselves  under  absolutely  the  same 
form.  The  most  diligent  observer  of  the  phenomena  of  crystalliiation,  and 
who  has  been  most  successful  in  deducing  a  plausible  theory  from  these  obser- 
Talioni,  is  M.  Uaiiy  ;  to  whose  work,  on  the  72«Dry  and  Structure  t/  CryttaU, 
we  would  refer  the  reader  who  is  desirous  of  obtainmg  the  best  information  on 
the   subjecL 

CUCURBIT.  A  chemical  vessel  commonly  called  a  bodv,  made  of  earth  nt 
glass,  in  the  shape  of  a  gourd,  and  therefore  called  a  cucurbit.  It  is  used  in 
place  of  a  still  for  distillation. 

CUPEL.  A  shallow  earthen  vessel  used  in  that  part  of  the  process  of  assay- 
ing  termed  cupellatton.  It  is  made  of  the  photpbate  of  lime,  or  the  residue  of 
burnt  bones,  rammed  into  a  mould,  which  gives  it  its  figure. 
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CUP£LLATI0N.  A  process  in  assaying  for  freeing  eold,  silver,  and  pla- 
tina,  from  alloys  of  other  metals.  It  is  performed  as  foUows : — ^the  precious 
metal  is  put  together  with  a  due  proportion  of  lead  into  a  cupel,  and  the  fusion 
is  effected  by  exposing  them  to  a  considerable  heat  in  a  mume  or  small  earthen 
oven  fixed  in  the  mi£t  of  a  furnace.  The  lead  continually  vitrifies  or  becomes 
converted  into  a  glassy  calx,  which  dissolves  all  the  imperfect  metals.  This 
fluid  glass,  with  all  its  contents,  soaks  into  the  cupel,  and  leaves  the  precious 
I  metal  in  a  state  of  purity.  During  the  cupellation,  the  scoriae  running  down 
on  all  sides  of  the  metallic  mass  produce  an  appearance  called  circulation,  by 
which  the  operator  judges  whether  the  process  is  going  on  welL  When  the 
metal  is  nearly  pure,  certain  prismatic  colours  flash  suddenly  across  the  surface 
of  the  globule,  which  soon  afterwards  appears  very  brilliant  and  clean ;  this  is 
called  brightenine,  and  shows  that  the  operation  is  ended.  After  gold  has 
passed  the  cupel,  it  may  still  contain  either  of  Ihe  other  perfect  metals,  platina 
and  silver.  The  former  is  seldom  suspected ;  the  latter  is  separated  ny  the 
operation  called  quartation  and  parting. 

CUPOLA,  in  Architecture,  an  hemispherical  vault :  this  term  is  also  applied 
to  the  furnaces  used  for  melting  iron.    See  Foundbt. 

CURRYING  is  the  art  of  preparing  leather  after  it  has  been  tanned,  with 
oil,  tallow,  and  other  matters  calculated  to  give  it  pliability  or  suppleness,  and 
4urability.     See  Leathbiu 

CUTLERY  is  a  general  term  applied  to  table  knives,  forks,  scissors,  pocket 
knifes,  razors,  lancets,  swords,  and  to  a  ereat  variety  of  Uie  more  delicate  kinds 
of  cutting  instruments ;  it  is  (Ustinguished  from  edge  took  by  the  latter  applyine 
to  the  coarser  kinds  of  cutting  instruments  employed  by  artificers  and 
mechanics,  such  as  axes,  adzes,  chisels,  gouges,  gravers,  &c. ;  nevertheless^  in 
some  of  these  it  is  necessary  to  the  skilful  operator  to  have  the  utmost  pre- 
cision of  form  and  finish  eiven  to  then:  cutting  edges. 

CYCLOGRAPH.  An  mstrument  used  for  describing  arcs  of  circles  in  cases 
where  compasses  cannot  be  employed.  The  most  simple  cydograph  is  that 
commonly  used  by  artificers  in  describing  arches  for  the  tops  of  doors  and 
windows,  which  consists  of  two  rods  connected  together  at  sucn  an  angle  that 
the  apex  may  touch  the  highest  point  of  the  curve,  whilst  the  sides  of  the  rods 
are  in  contact  with  points  fixed  in  the  extremities  of  the  curve,  and  by  turning 
the  instrument  round,  keeping  the  two  legs  in  contact  with  the  points  at  the 
extremities  of  the  curve,  a  tracing  point  in  the  apex  will  describe  the  required 
arc  An  improved  instrument  on  this  principle,  invented  by  Mr.  Rotch,  is 
described  in  the  DraneaetUms  of  the  Soekty  of  Arte, 

CYCLOID.  That  curve  which  is  descnbed  by  a  point  in  the  circumferenoe 
of  a  circle,  during  the  revolution  of  the  circle  over  a  plane. 

CYDER.  A  fermented  beverage  prepared  from  the  juice  of  apples.  Large 
quantities  of  this  liquor  are  made  annuidly  in  England ;  that  maide  in  Here- 
fordshire and  Devonshire  is  generally  accounted  siwerior  to  any  other.  TIm 
best  practical  directions  on  tne  art  of  preparing  this  liquor  that  have  been 
given  to  the  puUic,  are  those  of  Messrs.  Marshafi,  Crocker,  and  Knight,  from 
which  chieflv  the  following  account  is  compiled.  The  process  may  be  divided 
into  three  distinct  parts.  1st  Preparing  Uie  fruit  2d.  Grinding  and  expressing 
the  juice.    And  3a.  Fermenting  and  bottUng. 

1st  In  preparing  the  fruit  care  must  be  taken  both  as  to  its  peculiar  quality 
and  its  stage  of  ripeness.  Mr.  Marshall  is  of  opinion  that  the  fruit  should  not  be 
gathered  until  fuUy  ripe,  which  is  when  they  oegin  to  fiill  from  the  trees ;  but 
as  apples  ripen  very  unequally  on  the  same  tree,  he  recommends  that  the  trees 
should  first  be  gone  over  with  a  hook  when  the  fruit  begins  to  fall  naturally, 
and  that  they  should  be  finally  cleared  with  poles  when  all  is  ripened,  or  the 
winter  likely  to  set  in.  When  the  fhiit  has  been  gathered,  it  is  usual  to  lay 
them  in  heaps  to  sweat,  but  this  appears  to  be  only  useful  for  such  fruit  as  is 
not  perfectly  ripe. 

2d.  Qrmdina  and  Preeemg,  The  grinding  is  usually  performed  in  a  mill 
nearly  resembung  a  tanner's  miU  for  grinding  bark,  ana  consists  of  a  milUtone 
from  2|  to4i  feet  in  diameter,  from  9  to  10  inches  in  thickness,  and  1  to  2  tons' 
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weight,  and  mnniug  on  its  edge  in  a  circular  stone  trough.  The  bottom  of  the 
trough  in  which  the  stone  nins  is  somewhat  wider  than  the  stone  itself;  the 
mner  side  of  the  groove  rites  perpendicularly,  but  the  outer  side  is  beyelled  in 
such  a  manner  as  to  make  the  trough  6  or  8  inches  wider  at  top  than  at 
bottom.  The  ranner  or  millstone  turns  upon  a  long  shaft  or  axle  passing 
through  its  centre ;  the  inner  end  of  the  shaft  rests  upon  a  pivot  in  the  centre 
of  the  mill  bed,  and  the  outer  end  extends  beyond  the  circular  trough,  and  is 
there  connected  with  a  spring  bar,  to  which  a  horse  is  attached.  After  the  fruit 
is  ground  it  generally  remains  some  time  before  it  is  pressed,  to  allow  the  rind 
and  seeds  to  eommtmicate  their  virtues  to  the  liquor :  from  twelve  to  sixteen 
hours  is  suflSeient  for  this  purpose.  In  order  to  press  the  fruit,  or  pommage,  as 
it  is  now  called,  it  is  folded  up  in  pieces  of  hair  cloth,  or  placed  between  layers 
of  clean  sweet  straw  or  reed.  The  bed  of  the  press,  which  is  about  5  feet 
square,  should  be  made  entirely  of  wood  or  stone,  the  practice  of  covering  it 
with  lead  being  extremely  pernicious.  It  has  a  channel  cut  a  few  inches  within 
its  outer  edges  to  catch  the  liquor  as  it  is  expressed,  having  under  it  a  stone 
trough  or  w^en  vessel  to  receive  it  The  press  is  worked  by  levers  of  difierent 
lengths,  first  a  short  one,  then  a  longer  one,  both  worked  by  hand,  and  lastly  a 
bar  8  or  9  feet  long,  worked  by  a  capstan  or  windlass. 

3d.  Fermentation,  The  common  practice  is  to  have  the  liquor  tunned  imme- 
diately, and  to  fill  them  quite  full,  but  it  is  more  proper  to  leave  a  small  space  to 
be  filled  up  afterwards.  No  ferment  is  added,  as  in  malt  liquors,  but  Mr.  Marshall 
thinks  it  would  be  desirable  to  do  so,  as  it  would  more  speedily  determine  the 
fermentation,  which  at  present  is  v^ry  precarious  as  to  the  time  of  its  com- 
mencement and  its  duration.  The  process  of  fermentation  is  variously  conducted 
by  different  cyder  growers,  some  endeavouring  to  promote  it  in  a  spacious  open 
vat,  whilst  others  endeavour  to  repress  it  by  enclosing  the  liquor  in  hogsheads, 
and  excluding  the  air.  After  remaining  a  certain  time  in  the  fermenting 
vessel,  it  is  racked  off  from  the  leys  and  put  into  a  fresh  cask.  A  fresh  fer- 
mentation usually  commences  after  racking,  and  if  it  becomes  violent  a  fV^sh 
racking  is  necessary  to  check  it ;  but  if  only  a  small  degree  of  fermentation 
takes  place,  termed  fretting,  the  liquor  ii  su^red  to  remain  in  the  same  cask. 
Mr.  Crocker  says,  when  the  fermentation  ceases,  and  the  liquor  oppears  toler- 
ably clear  to  the  eye,  the  pure  part  should  be  racked  off  into  open  vesseb, 
and  placed  in  a  cool  situation  for  a  day  or  two,  after  which  it  may  be  again 
barrelled,  and  placed  in  some  moderately  cool  situation  for  the  winter. 

D. 

DAIRY  is  the  art  of  manufacturing  various  kinds  of  food  from  mOk;  the 
term  dairy  is  likewise  applied  to  the  building  where  those  operations  are  per- 
formed. The  great  variety  of  business  in  a  well-eonductea  dait^  requiring 
the  most  minute  and  assiduous  attention,  may  be  conceived  by  just  stating  the 
principal  heads  ,*  namely,  the  proper  choice,  food,  and  management  of  cows; 
the  mode  of  milking,  according  to  the  variation  of  circumstances ;  the  manage- 
ment of  the  milk  and  cream  preparatory  to  the  making  of  butter ;  the  processes 
of  making  butter  according  to  the  mechanism  used  for  that  purpose ;  the  manner 
of  making  the  various  kinds  of  cheese ;  the  vatting,  pressing,  and  salting  the 
same,  &c.  These  important  subjects,  which  scarcely  fall  within  the  plan  of  this 
work,  are  most  ably  treated,  in  all  their  interesting  details,  in  the  Oxford  Ency- 
chpmdiai  from  which  valuable  publication  we  extract  tlie  following  observations 
on  the  proper  position,  structure,  and  arrangement,  of  a  dairy  and  its  utensils. 
As  respects  the  dairy-house,  the  author  observes,  "  It  is  a  matter  of  consider- 
able importance  that  buildings  of  this  description  should  be  placed  in  a  proper 
situation,  with  respect  to  the  other  parts  of  the  farm ;  this  will  save  both 
expense  and  labour,  as  well  as  promote  convenience.  Another  priuclpal  object 
in  choosing  a  situation  for  the  dairy  is  a  proper  degree  of  temperature  for 
carrying  on  the  business  which  is  to  be  condncted  in  it.  To  accomplish  this, 
the  following  are  the  chief  objects  to  be  aimed  at.     The  dairy  buildings  should 
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be  situate  sufHciently  near  the  sheds  or  cow  standings,  that  the  milk  may  be 
readily  conveyed  to  tliem,  the  form  being  such  as  to  combine  well  with  the 
nature  of  the  other  erections.    The  door  or  entrance  into  the  room  destined  for 
the  milk  should  be  made  through  that  of  the  scalding  room,  which  should  have 
the  copper  for  heating  water  and  other  purposes,  placed  in  a  shed  without  it, 
that  the  heat  may  be  kept  at  as  great  a  distance  as  possible  from  the  milk,  a  cock 
being  fixed  in  the  bottom  of  it  for  conveying  the  heated  water  through  a  trough 
or  pipe  across  the  scalding  room,  in  which  another  cock  should  be  fixed  for  Uie 
convenience  of  washing  smaller  utensils,  passing  the  wall  into  the  milk-leads, 
pans,   trays,  or  coolers,  that  whenever  they  are  required  to  be  scalded  the 
boiling  water  may  at  once  pass  through  the  whole  range  of  them,  or  be  de- 
tained at  pleasure  in  any  one  of  them,  so  as  to  effect  the  business  in  the  most 
complete  and  perfiect  manner,  being  afterwards  taken  off  by  a  suitable  drain 
made  for  the  purpose.     The  passage  of  the  water  through  the  wall  of  the  dairy 
should  be  in  a  trough  of  sufficient  dimensions  to  admit  the  discharging  of  a  pail 
full  of  milk  into  it  with  perfect  safety,  having  a  hair  sieve  so  placed  in  it  as  tliat 
the  whole  of  the  milk  of  the  cows  may  be  made  to  pass  through  it  into  the 
nece£»sary  trays  or  coolers  in  wliich  it  is  to  stand,  as  by  this  simple  contrivance 
the  necessity  of  dirty  men  or  boys  entering  the  dairy-house  is  wholly  prevented. 
There  should  be  likewise  a  trough,  pipe,  or  some  other  similar  contnvance,  fur 
the  purpose  of  conveying  the  waste  milk,  whey,  &c.,  from  the  dairy-house  to 
the  cisterns  for  containins;  the  wash  for  the  pigs,  &c.     Several  plans  for  regu- 
lating the  temperature  of  the  dairy,  have,  been  proposed  by  different  persons. 
It  may  be  accomplished  in  various  ways,  as  by  having  double  walls  and  roofs, 
or  by  hollow  walls,  or  by  the  walls  having  a  vacuity  left  of  eight  or  ten  inches 
in  width  between  the  lath  and  plaster.     A  spring  or  fountain  rising  in  the 
centre  of  the  principal  apartment,  when  it  can  oe  procured,  will  be  a  most 
valuable  convenience.     It  is  obvious  that  the  nature  and  number  of  these 
buildings  on  any  form  must  depend  on  the  kind  of  dairy  business  proposed  to 
be  carried  on,  whether  milk,  or  butter,  or  cheese ;  and  the  size  is  always  regu- 
lated by  the  number  of  cows.    The  dimensions  usually  adopted  in  Glouces- 
tershire are  20  feet  by  16  for  fortv  oows ;  ond  40  feet  by  30  for  one  hundred 
cows.    It  is  well  known  that  without  a  suitable  place  for  preserving  the  milk 
and  performing  the  various  operations,  the  dairy  business  cannot  proceed  with 
any  prospect  of  advantage.    To  preserve  an  eauable  temperature,  a  northern 
aspect  has  been  suggested  os  the  most  proper.  Tnese  apartments  should  be  dry, 
and  to  render  them  clean  and  sweet  at  all  periods  without  much  trouble,  their 
situation  should  be  in  the  immediate  neighbourhood  of  a  spring  or  clear 
rivulet    The  roof  and  walls  should  also  be  defended  from  the  action  of  the 
sun's  rays  by  shady  trees,  buildings,  drc     For  the  milk  dairy  two  good  rooms 
are  all  that  are  necessary ;  namely,  one  for  scalding,  cleaning,  and  airing  the 
utensils,  and  the  other  for  the  reception  of  the  milk.     For  a  butter  dairy  three 
apartments  will  be  reqiiired;  one  for  holding,  washing,  scalding,  and  airing  the 
utensils ;  one  for  keeping  the  milk ;  and  one  for  churning  the  butter.     Four 
apartments  are  necessary  to  a  well-constructed  cheese  dairy ;  namely,  one  for 
the  reception  of  the  milk :  another  for  the  scalding  and  pressing  of  the  cheese ; 
a  third,  where  it  is  salted;  and  a  fourth,  called  the  cheese-lotlt,  in  which  the 
cheeses  are  deposited."     As  respects  the  dairy  utensils,  our  writer  states,  that 
"  the  only  proper  materials  for  making  the  vessels  and  implements  belonging  to 
a  dairy  are  wood,  porcelain,  glass,  and  slate ;    they  are,  however,  made  mostly 
of  wood,  as  glass  and  porcelain  are  too  expensive ;  slate  has  lately  been  em- 
ployed in  constructing  milk  coolers."    Tinned  iron  is,  however,  of^en  used  for 
skimming  dishes  and  other  purposes ;  lead  and  glazed  earthenware  form  many 
of  the  utensils  in  some  daines,  and  cast  iron  has  been  recommended  for  the 
same  purpose:  but  it  will  be  proper  to  observe  that  lead  is  poisonous,  and  so  are 
some  of  the  metallic  substances  that  enter  into  the  composition  which  forms  the 
glazing  of  earthenware.     Now,  since  milk  contains  acids  capable  of  dissolving 
these  metallic  compounds,  it  must  follow  that  the  use  of  them  in  a  diary  must 
be  very  prejudidiu.     The  human  constitution  must  infallibly  be  injured  by 
imbibing  these  deleterious  solutions ;  but  the  progress  of  the  mischief  is  alow ; 
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and  when  at  length  the  mischief  is  discoTered,  we  seldom  or  neyer  aicribe  it 
to  the  proper  cause.  Nor  is  the  use  of  iron  to  he  recommended,  for  though  its 
solution  in  the  acid  of  milk  may  he  harmless,  yet  the  milk,  hutter,  and  cheese, 
into  which  this  solution  enters,  may  be  altered  in  their  taste,  and  acquire  new 
properties  from  it  The  best  vessels  and  utensili  for  the  daiiy  are,  therefore^ 
those  which  are  made  of  wood,  and  which  are  kept  in  a  sweet  and  clean  state 
by  daily  scalding,  scourin?,  &c.  The  utensils  which  are  most  generally  wanted 
in  a  dairy  farm,  are  milk-pails,  skeels,  howls,  strainers  and  coolers,  chums, 
lading  and  skimming  dishes,  cheese  tub,  ladders,  vats,  dotha,  and  presses.  The 
fitting  a  dairy,  where  one  chum  is  used,  with  these  utensils,  wiU  cost  from 
twenty  to  twenty-four  pounds, — this  is  the  estimated  value  in  Gloucestershire ; 
in  a  farm  consistinff  of  twenty-five  or  thirty  cows  the  cost  would  probably  be 
double  that  sum,  and  so  on,  in  proportion  to  the  magnitude  of  the  num. 

DAM  A  J  AY  A  6.  This  singular  name  has  been  given  to  a  preparation  of 
the  chestnut  tree,  and  is  employed  in  tanning  as  a  substitute  for  oak  bark  and 
gall  nuts :  it  is  the  subject  of  a  patent  mnted  to  Charles  Louis  Giroud,  of 
Queen-street,  Soho,  London,  in  1825.  The  mode  of  pre]>aring  damajavaff  is 
as  follows :  The  eztemal  shell  of  the  chestnut,  or  the  wood  itself,  is  to  be  broken 
into  small  pieces,  and  soaked  in  double  its  weight  of  water  for  twelve  hours, 
then  boOea  for  three  or  four  hours,  when  the  liquid  is  to  be  drawn  off,  and 
filtered  through  a  cloth  or  sieve  to  separate  the  fibrous  matter.  The  liquid 
extract  is  now  to  be  evaporated  by  retuming  it  into  the  boiler,  and  the  ebullition 
is  to  be  renewed  and  continued  until  the  extract  becomes  of  the  consistency  of 
paate ;  ttfter  this  it  is  to  be  cut  into  cakes,  and  dried  in  an  oven  for  sale,  or  at 
once  apph'ed  to  the  various  puznoses  in  the  arts,  in  lieu  of  ^Xi  nuts.  One 
hundred  pounds  of  chestnut  shells  will  thus  produce  about  eight  pounds  of 
damaiavag.  The  sap  of  the  chestnut  tree  contains  similar  properties  to  the  wood 
and  the  nut  shell,  but  combined  with  a  mater  portion  of  mucilage.  The  tranks 
of  the  trees  may  be  tapped,  the  sap  coUected,  and  an  extract  made  from  it  by 
simple  evaporation.  Iron  vessels  snould  not  be  used  in  the  preparation  of  dama- 
iavag, as  that  metal  would  darken  the  colour  of  the  extract,  owing  to  the  affinity 
between  iron  and  the  gallic  acid  of  the  chestnut,  their  combination  producing  ink. 

DAMASK.  The  name  given  to  silk  or  linen  fabrics  with  a  raised  pattern 
on  the  right  side. 

DAMASKENING.  The  art  of  beautifying  iron,  steel.  See,  by  making 
incisions  in  them,  and  filling  them  up  with  gold  or  nlver  wire;  it  is  chiefly 
used  for  adoming  sword  blades,  locks  of  pistols,  &Ct    See  Iron. 

DAVIT.  A  projecting  piece  of  timber,  used  as  a  crane  to  hoist  the  flukes 
of  the  anchor  to  the  top  of  the  bow  of  a  ship. 

DEAD  LIGHTS,  sti^png  wooden  shutters  for  closing  the  stem  windows  of 
a  ship  in  bad  weather. 

DEAD  RECKON  ING.  An  account  of  the  progress  of  a  vessel,  showing 
the  courses  steered  by  compass,  with  the  distance  in  miles  and  fathoms  run 
upon  each  course.  These  courses,  corrected  by  allowances  for  leeway  and 
variation,  and  the  distances  by  allowances  for  heave  of  the  sea  and  currents, 
form  what  is  termed  the  corrected  dead  reckoning,  which  is  used  for  ascertaining 
the  vessel's  place  upon  a  chart,  in  default  of  obwrvations  of  the  celestial  bodies 
to  determine  the  same. 

DEAL.  A  stout  kind  of  plank  made  from  the  fir-tree  by  sawing  the  trunk 
longitudinally. 

DECIMAL  ARITHMETIC,  in  general  sense,  denotes  the  common  arithmetic 
in  which  we  count  by  periods  of  tens ;  it  is  otherwise  and  more  properly  called 
denary  arithmetic,  to  distinguish  it  from  the  binary,  duodenary,  and  other  scales 
of  arithmetic. 

DECOCTION.  A  fluid  which  has  been  made  to  take  up  certain  soluble 
principles  by  boiling. 

DECOMPOSITION,  in  Cliemistry,  the  separation  of  the  component  parts 
of  bodies  from  each  other.  It  is  in  general  the  effect  of  some  new  combination 
amongst  the  constituent  principles  of  bodies,  the  only  exceptions  being  those 
decompositions  which  are  effected  by  heat  or  electricity. 
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DECREPITATION.  The  crackling  noise  which  seTeral  salte  make  when 
iiuddenly  heated,  accompanied  by  a  violent  exfoliation  of  their  partides.  It 
has  been  attributed  to  tlie  sudden  conversion  of  the  water  they  contain  into 
steam ;  **  but,"  observes  Dr.  Ure,  *'  it  is  the  salts  which  are  anhydrous,  or 
contain  no  water,  that  decrepitate  most  violently;  those  that  contain  water 
generally  enter  into  tranquil  tiquefiustion  on  bein^  heated."  Salts  decrepitate 
for  the  same  reason  that  glass,  quartz,  and  cast  won  crack  with  an  explosive 
force,  on  being  suddenly  heated,  namely,  from  the  unequal  expansion  of  the 
laminae  which  compose  them,  in  consequence  of  their  being  miperfect  con- 
ductors of  heat 

DEFLAGRATION.  The  act  of  burning  two  or  more  substances  together, 
as  charcoal  and  nitre. 

DEFLEXION,  in  Mechanics,  the  bending  of  any  material  exposed  to  a 
transverse  strain.  In  all  bodies  so  situated  deflexion  takes  place ;  but  whilst 
the  elastic  force  of  the  material  exceeds  the  straining  force,  the  deflexion  will 
be  directly  proportional  to  the  pressure,  and  will  not  mcrease  after  the  load  has 
been  on  for  a  second  or  two,  and  upon  its  removd  the  material  will  recover  its 
original  form ;  but  if  the  load  exceed  the  elastic  force  of  the  material,  the 
extension  or  deflexion  increases  with  time,  a  permanent  alteration  of  form 
ensues,  and  the  deflexion  increasing  rapidly  witn  slieht  addition  to  the  load, 
fracture  ensues.  The  resistance  of  a  material  to  flexure,  as  Mr.  Tredgold 
observes,  is  the  only  proper  measure  of  its  resistance,  when  it  is  to  be  applied 
in  the  construction  of  ouildings,  and  that  of  its  resistance  to  permanent  alteration 
when  it  is  used  for  machines.  According  to  Mr.  T.'s  expenments,  a  bar  of  cast 
iron,  4  feet  long  and  1.2  inches  square,  and  supported  at  both  ends,  sustained  a 
load  of  11 2  lbs.  in  the  middle  of  its  length  without  permanent  alteration.  The 
deflexion  with  this  load,  was  one-tenth  oif  an  inch. 

DEGREE,  in  Geometry,  the  360th  part  of  the  circumference  of  a  circle, 
into  which  number  of  parts  all  circles  are  considered  to  be  divided ;  it  is 
indicated  by  a  small  ^  near  the  top  of  the  figure ;  thus,  45o  is  forty-five  degrees. 
Each  degree  is  subdivided  into  sixty  smaller  parts,  called  minutes,  and  denoted 
by  the  mark  ' ;  and  these  again  are  each  subdivided  into  sixty  parts,  called 
seconds,  and  marked  thus  "  ;  thus,  45®  12'  20"  is  forty-five  degrees  twelve 
minutes  and  twenty  seconds. 

DELFT  WARE.  A  kind  of  pottery,  covered  with  an  enamel  or  white 
glazing,  which  gives  it  the  appearance  of  porcelain.  They  are  composed  of  a 
nttv  clay,  with  which  is  ground  a  portion  of  sand,  that  it  may  not  crock  or 
shnnk  too  much  in  baking.  Vessels  formed  of  this  earth  require  to  be  dried 
very  sently,  to  avoid  cracking ;  they  are  then  slightly  baked  m  a  furnace,  to 

S've  uem  a  degree  of  hardness ;  after  which,  the  enamel,  ground  very  fine  and 
luted  with  Witter,  is  applied,  and  as  the  ware  is  very  porous  from  being  but 
slightly  baked,  it  readily  absorbs  the  water,  leaving  a  coating  of  enamel  adhering 
to  the  surface.  The  ware,  when  thoroughly  dried,  is  then  enclosed  in  cases  of 
baked  earth,  and  subjected  to  a  heat  si2ficient  to  fuse  the  enamel  uniformly, 
and  at  the  same  time  to  coxnplete  the  baking.  Delft  ware  was  formerly  made 
chiefly  at  Delft,  in  Holland,  from  which  town  it  takes  its  name. 

DELIQUESCENT,  in  Chemistry,  a  property  of  various  substances  (chiefly 
salts),  to  absorb  moisture  from  the  atmosphere,  and  dissolve. 

DENDROMETER.  An  instrument  for  measuring  trees,  invented  by 
Messrs.  Dimcombe  and  Whittel.  It  consists  of  a  semicircle,  divided  into  two 
quadrants,  and  graduated  from  the  middle ;  upon  the  diameter  there  hangs 
a  plummet  for  fixing  the  instrument  in  a  vertical  position.  The  principal  use 
of^it  is  for  measuring  the  length  and  diameter  of  any  tree  perpendicular  or 
oblique  to  an  horizontal  plane,  or  in  any  situation  of  the  plane  on  which  it 
rests ;  or  of  any  %ure,  wnether  regular  or  irn^ular,  and  also  the  length  and 
diameter  of  the  bouehs,  by  mere  inspection.  Tne  inventors  of  it  have  calcu- 
lated tables,  annexed  to  their  account  of  the  instrument  itself,  by  the  help  of 
which  the  quantity  of  timber  in  a  tree  is  obtained  without  calculation,  or 
the  use  of  the  slidins  rule.  Hie  dendrometer,  fitted  to  a  theodolite,  may  be 
applied  to  measuring  me  heights  and  distances  of  objects  accessible  or  inacces- 
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•iUc^  whether  sitoated  in  planes  parallel  or  obli^ae  to  the  plane  on  which  the 
instrument  is  placed.  It  may  be  also  used  for  taking  all  anj;les,whether  vertical, 
horizontal,  or  oblioue,  in  any  position  of  the  planes  in  which  they  are  formed. 

DENSITY  is  ttie  proportionate  quantity  of  matter  in  bodies  of  a  given 
magnitude ;  thus,  if  a  body  contains  more  matter  than  another,  both  being  of 
the  same  bulk,  the  former  is  said  to  be  more  dense  than  the  latter,  and  that  in 
proportion  to  the  relative  quantities  of  matter  thev  contain ;  or  if  the  former 
Dody  contains  the  same  quantity  of  matter  as  the  latter,  but  under  a  leas  bulk, 
its  density  is  greater  in  proportion  as  its  bulk  is  less  than  that  of  the  other. 
Hence  the  density  is  directly  proportional  to  the  quantity  of  matter,  and  in- 
versely proportional  to  the  biuk  under  which  it  is  co|itained«  The  relative 
quantities  of  matter  in  bodies  are  known  by  their  gravity  or  weight;  for,  according 
to  Sir  Isaac  Newton,  the  original  particles  of  matter  being  equal,  and  con- 
sequently endowed  with  equal  gravity,  bodies,  or  assemblages  of  those  particles, 
wiu  have  a  gravity  proportionate  to  the  number  of  particles  contained  in  them. 
Hence,  when  a  body,  mass,  or  quantity  of  matter  is  spoken  o(  its  weight  or 
gravity  is  always  understood,  that  being  the  proper  measure  of  the  quantity  of 
matter.  The  density  of  bodies  is  found  by  weighing  equal  bulks  of  each ;  for 
this  purpose  solids  must  be  previously  reduced  to  the  same  shape  and  size,  but 
each  fluid  should  fill  the  same  vessel,  in  which  they  must  be  weighed  separately. 
The  density  of  fluids  may  also  be  determined  by  the  following  methods.  First, 
by  making  an  equilibrium  between  them,  in  tubes  that  communicate ;  for  the 
diameters  of  the  tubes  being  equal,  and  the  weights  or  quantities  of  matter  also 
equal,  the  densities  will  be  inversely  as  the  altitudes  of  the  liquors  in  them ; 
that  is,  inversely  as  their  bulk.  Secondly,  by  immersing  a  solid  in  the  fluids, 
their  densities  may  be  readily  compared ;  for  if  the  soud  be  lighter  than  the 
liquids,  the  part  immersed  by  its  own  weight  will  be  inversely  as  the  density  of 
the  fluid ;  but  if  the  body  be  heavier,  so  as  to  sink  in  the  liquid,  it  must  be 
weighed  in  them  separately,  and  the  weight  lost  by  the  body  m  each  will  be 
directly  as  the  density  of  toe  fluid.  Sir  Isaac  Newton,  and  most  of  the  other 
philosophers,  are  of  opinion  that  there  is  no  such  thing  as  a  space  absolutely 
full  of  matter,  and  that  consequently  there  is  no  substance  in  nature,  either 
solid  or  fluid,  that  is  perfectly  aense :  the  densest  bodies,  according  to  Newton, 
consist  of  much  more  porous  space  than  solid  matter. 

DEPARTURE,  in  Navigation,  the  distance  of  a  ship  or  place  to  the  east  or 
west  of  any  meridian,  expressed  in  nauUcal  mUe^  whilst  the  difierence  of 
longitude  is  the  same  distance  reckoned  in  degrees  and  minutes  upon  small 
cirdes  of  the  earth,  termed  parallels  of  latitude ;  and  as  these  small  circles 
continually  decrease  as  they  approach  the  poles,  and  as  eveiy  circle,  large  or 
small,  contains  360^,  each  containing  60',  the  length  of  the  degrees  and  minutes 
of  longitude  must  vary  with  the  latitude. 

DEPHLEGMATION.  The  operadon  by  which  bodies  are  deprived  of 
water,  which  is  principally  effected  oy  evaporation. 

DEPHLOGISTICATION.  The  operation  by  which  bodies  are  deprived  of 
phlogiston,  or  the  inflammable  principle,  and  nearly  synonymous  with  what  b 
now  expressed  by  oxygenation  or  oxidization. 

DESCENDING  CLOCK.  A  clock  so  constructed  that  by  gradually  rolling 
down  an  inclined  plane  it  shows  the  progress  of  time;  the  motion  is  com- 
municated to  the  wheels  by  a  weight,  which  revolve  about  the  axis  as  the 
clock  descends.  A  drawing  and  description  of  this  machine  is  given  in  Emerton's 
MechanicM, 

DESIGNING  is  the  art  of  delineating  or  drawing  the  appearance  of  objects 
by  lines  on  a  plane ;  but  the  term  is  more  generally  understood  to  apply  to  the 
first  sketch  of  a  work  which  it  is  intended  afterwards  to  execute  witn  spreater 
accuracy  of  detail  or  of  finish,  or  upon  a  diflTerent  scale  of  magnitude.  A 
design  bears  the  same  relation  to  drawing  and  painting  as  a  model  does  to  the 
makmg  of  a  machine  or  building. 

DETENT,  in  Clock-making,  a  stop,  which,  being  lilted  up  and  let  fall  down, 
locks  and  unlocks  the  striking  parts  of  a  clock. 

DETONATING  JAR.    An  apparatus  for  firing  a  mixture  of  gases  by 
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means  of  the  electric  spark.  It  consists  of  a  thick  glass  tube,  open  at  bottom, 
but  hermetically  sealea  at  top,  and  having  towards  the  upper  part  two  small 
wires  cemented  into  it,  which  approach  each  other  within  the  jar  near  enough  to 
communicate  the  electric  spark  nom  an  adjoining  machine,  by  which  the  gasea 
iMre  fired. 

DETONATING  POWDERS,  or  Folvinatino  Powdbks.  Certain  chemical 
compounds,  which,  on  being  exposed  to  heat  or  friction,  explode  with  a  loud 
report,  owing  to  one  or  more  of  the  constituent  parts  assuming  the  elastic  state 
with  such  rapidity  as  to  strike  the  displaced  air  with  great  violence.  The  most 
common  detonatmg  powders  (except  gunpowder),  are  fulminating  gold,  and 
ftilminating  powder.  This  latter  is  made  by  triturating,  in  a  warm  mortar, 
three  parts  by  weight  of  nitre,  two  of  carbonate  of  potash,  and  one  of  flowers 
of  sulphur.  When  fused  in  a  ladle  and  then  set  on  the  fire,  the  whole  of  the 
melted  fluid  explodes  with  an  intolerable  noise,  and  the  ladle  is  commonly 
disfigured  as  if  it  had  received  a  strong  blow  downwards.  If  a  solution  of 
gold  be  precipitated  by  ammonia,  the  product  will  be  fulminating  gold.  This 
precipitate,  separated  b]^  filtration,  and  washed,  must  be  dried  without  heat,  as 
It  is  liable  to  explode  with  no  great  increase  of  temperature ;  nor  must  it  be 
put  into  a  bottle  with  a  glass  stopper,  as  the  friction  of  this  would  expose  the 
operator  to  the  same  danger.  Less  than  a  grain  held  over  the  flame  of  a  candle 
explodes  with  a  very  sharp  and  loud  noise.  Fulminating  silver  may  be  prepared 
as  follows :  powder  one  hundred  grains  of  nitrate  of  silver,  put  the  powder  into 
a  glass  vessel,  and  pour  upon  it  first  an  ounce  of  alcohol,  and  then  as  much  con- 
centrated nitrous  acid.  The  mixture  grows  hot,  boils,  and  an  ether  is  visibly 
formed,  that  changes  into  gas.  By  degrees  the  liquor  becomes  milky  and  opaque, 
and  is  filled  with  small  wmte  clouds.  When  all  the  grey  powder  has  taken  this 
form,  and  the  liquid  has  acquired  consistency,  distilled  water  roust  be  imme- 
diately added,  to  suspend  ebullition  and  prevent  the  matter  from  being  redissolved 
and  becoming  a  mere  solution  of  silver.  The  white  precipitate  is  then  to  be 
collected  on  a  filter,  and  dried.  The  force  of  this  powder  greatly  exceeds  that 
of  ftilminating  mercury :  it  detonates  in  a  tremendous  manner  on  being  scarcely 
touched  with  a  glass  tube,  the  extremity  of  which  has  been  dipped  in  concen- 
trated sulphuric  acid.  Fulminating  mercury  was  discovered  by  Mr.  Howard, 
A  hundred  grains  are  to  b»  dissolved  with  heat  in  an  ounce  and  a  half  by 
measure  of  nitric  acid.  The  solution,  when  cold,  is  to  be  poured  on  two  oimce 
measures  of  alcohol,  and  heat  applied  till  an  effervescence  is  excited.  As  soon 
as  the  precipitate  is  thrown  down,  it  must  be  collected  on  a  filter,  that  the  acid 
may  not  react  on  it,  waahed,  and  dried  by  a  venr  gentle  heat  It  detonates 
with  very  little  heat  or  friction.  Three  parts  of  chlorate  of  potash,  and  one  of 
sulphur,  triturated  in  a  metal  mortar,  cause  numerous  successive  detonations, 
like  the  cracks  of  a  whip,  the  reports  of  a  pistol,  or  the  fire  of  musketry, 
according  to  the  rapidity  and  force  of  the  pressure  employed.  A  few  grains 
struck  with  a  hammer  on  an  anvil  explode  with  a  noise  like  that  of  a  musket, 
and  torrents  of  purple  light  appear  around  it  Six  parts  of  the  chlorate,  one 
of  sulphur,  and  one  of  charcoal,  detonate  by  the  same  means,  but  more  strongly, 
and  with  a  redder  flame.  Sugar,  gum,  or  charcoal,  mixed  with  the  chlorate, 
and  fixed  or  volatile  oils,  alcohol,  or  ether,  and  made  into  a  paste,  detonate  very 
strongly  by  the  stroke,  but  not  by  trituration.  Some  of  them  take  fire,  but 
slowly  and  by  degrees,  in  sulphuric  acid.  Fulminations  of  the  most  violent 
kind  require  the  agency  of  azote  or  nitrogen,  as  we  see  not  only  in  its  compounds 
with  the  oxides  of  gold,  silver,  and  platina,  but  also  still  more  remarkably  in 
its  chloride  and  iodide^  which  form  the  two  most  violent  detonating  compounds 
known.  The  first  of  these,  viz.  the  chloride  of  azote,  was  discovered  in  1812, 
by  M.  Dulong,  but  its  nature  was  first  investigated  by  Sir  H.  Davy,  who  was 
twice  seriously  wounded  by  explosions  of  the  substance  whilst  operating  upon 
it  It  may  be  prepared  as  follows :  put  into  an  evaporating  porcelain  basin  a 
solution  of  one  part  of  nitrate  or  muriate  of  ammonia,  in  ten  parts  of  water 
heated  to  about  lOO^*,  and  invert  into  it  a  wide -mouthed  bottle  filled  with 
chlorine.  As  the  liquid  ascends  by  the  condensation  of  the  gas,  oily  looking 
drops  are  seen  floating  on  its  surface,  which  collect  together,  and  fall  to  the 
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bottom  in  large  globules :  tbit  is  cbloride  of  asote.  By  patting  a  tbin  stratum 
of  common  salt  at  tbe  bottom  of  tbe  basin,  we  prevent  tbe  decomposition  of 
tbe  cbloride  of  asote  by  tbe  aromoniacal  salt.  It  should  be  prepared  only  in 
very  small  quantities.  A  small  quantity  of  it  thrown  into  a  glass  of  olive  oil, 
produced  a  most  violent  explosion,  and  tbe  glass,  although  a  strong  one,  was 
oroken  into  fragments.  It  also  detonates  strongly  when  Drought  into  contact 
with  phosphorus  and  many  of  its  compounds,  with  various  fixed  oils,  with  oil 
of  turpentine,  naphtha,  fused  potash,  aqueous  ammonia,  nitrous  gas,  and  various 
other  substances,  but  not  with  sulphur  or  resin.  Iodide  of  azote  may  be  most 
readily  prepared  by  putting  pulverulent  iodine  into  common  water  of  ammonia. 
It  is  pulverulent,  and  of  a  brownish  black  colour.  It  detonates  from  the 
smallest  shock,  and  from  heat,  with  a  feeble  violet  vapour.  When  properly 
prepared,  it  frequently  detonates  spontaneously ;  hence,  afVer  the  black  powder 
u  formed,  and  the  liquid  ammonia  decanted  <m,  the  capsule  should  be  left  in 
perfect  repose.  Dr.  Ure  mentions,  that  in  transferring  a  little  of  it  from  a 
capsule  of^platina  to  a  piece  of  paper,  the  whole  expl<raed  in  his  hands.  It 
should  therefore  be  prepared  with  the  greatest  care,  and  in  only  very  small 
quantities,  and  should  not  be  preserved. 

DI ACOUSTICS.  Tbe  consideration  of  the  properties  of  sound  refracted  in 
passin?  through  different  media. 

DIAGONAL,  in  Geometry,  a  right  line  drawn  across  a  figure  firom  the 
vertex  of  one  angle  to  the  vertex  of  another. 

DIAGONAL  SCALE.    See  Scale. 

DIAGRAM.  A  geometrical  scheme  for  the  explanation  of  the  properties 
of  a  figure,  or  for  the  illustration  of  machinery ;  in  which  case  it  differs  from  a 
drawing,  by  the  parts  being  represented  by  single  lines  without  any  breadth. 

DIAL,  or  SUtI  DIAL.  An  instrument  for  measuring  time  by  means  of  a 
shadow  cast  by  the  sun  upon  a  surface  properly  placed  for  the  purpose.  Sun 
dials  are  an  invention  of  very  great  antiquity,  ana  are  frequently  mentioned  in 
the  Bible ;  and  Vitruvius  spealu  of  one  made  by  the  ancient  Chaldee  historian, 
Berosus,  on  a  reclining  plane,  almost  parallel  to  the  plane  of  the  equinoctial. 
Before  the  invention  of  clocks  and  watches,  dials  afforded  almost  the  only  means 
of  marking  the  lapse  of  small  portions  of  time ;  and  dials  were,  therefore,  gene- 
rally to  be  seen  in  most  places  of  public  resort,  as  churches,  crossways,  mar- 
kets, &rc. ;  but  since  that  invention,  and  the  immense  improvements  made  in 
it,  dials  have  gone  gradually  into  disuse,  and  are  now  rarely  to  be  met  with  in 
England,  where,  indeed,  the  variable  nature  of  the  climate  materially  limits 
their  utility.  On  the  Continent  they  are  still  to  be  met  with ;  and  one  kind, 
called  the  pillar  dial,  consisting  of  an  elegant  stone  column,  is  frequently  introduced 
as  an  ornament  in  the  squares  and  market  places.  Our  ingenious  neighbours, 
the  French,  have  likewise  contrived  a  method  of  calling  attention,  at  least  once 
in  the  day,  to  the  silent  progress  of  the  shadow  over  the  dial,  by  means  of  a 
small  mortar  placed  on  the  meridian  line  of  a  dial  with  a  burning  lens  placed 
over  the  toucn-hole,  at  such  a  distance  and  angle,  that  as  soon  as  the  sun 
arrives  on  the  meridian,  its  rays,  concentrated  by  tbe  lens,  set  fire  to  the  • 
powder,  which  discharges  the  gun,  and  thus  announces  the  hour  of  noon. 

**  We  take  no  note  of  time  but  from  its  loss: 
To  give  it  then  a  tongue  is  wise  in  man." 

Dials  of  this  description  are  placed  in  the  gardens  of  the  Palais  Royal,  and  of 
the  Luxembourg. 

DI  A  LLING.  The  art  of  drawing  dials  on  any  surface,  plane  or  curved.  On 
account  of  the  limited  utility  of  this  art,  firom  the  causes  before  noticed,  we  shall 
confine  ourselves  to  explaining  the  general  principles  of  dialling,  which  may  be  aptly 
illustrated  by  the  phenomena  of  a  hollow  or  transparent  sphere  of  glass.  T^en 
suppose  a  P  B  j9  to  represent  the  earth  as  transparent,  and  its  equator  as  divided 
into  24  equal  parts,  by  so  manv  meridian  semicircles,  ahe,  &c,  one  of  which 
is  the  geop^raphical  meridian  of  any  given  place,  as  London,  which  is  supposed 
at  the  point  a ;  and  if  the  hour  of  12  be  marked  upon  that  meridian,  and 
upon  the  opposite  one,  and  all  the  rest  of  the  hours  in  succession  on  the  other 
meridians,  those  meridians  would  be  the  hour  circles  of  London;  because,  as  the 
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mn  ApiMan  to  more  round  the  earth,  which  U  in  the  eeatn  of  the  TinUt 
hcBveni,  in  tnentf-four  houn,  he  wiU  psM 
from  one  meridian  to  another  in  an  hour 
Then,  if  the  iphere  had  an  opaque  asu  ai 
Pe  P,  terminatiRgin  the  poles  Pand  P  the 
■hadow  of  the  axit,  which  ii  in  the  game  plane 
with  the  niD  and  with  each  meridian,  would 
fall  upon  every  particular  meridian  and  hour  g  LJ 
when  the  nin  came  to  the  plane  of  the  oppo- 
.  ote  meridian,  and  would,  conaeauentlv  ihow 
the  time  at  London  and  at  all  other  pfaceion 
.e  meridian.     If  thii  ipher 


1,  one-half  of 
the  aiia  t  P  would  be  above  the  plane  and 
the  other  below  it ;  and  if  itraight  I  ne«  were  drawn  from  the  centre  of  the 
plane  to  thoie  pointi  where  ita  circumference  la  cut  by  the  hour  circles  of  the 
iphere,  those  lines  would  be  the  hour  Imes  of  an  horizontal  dial  for  London ; 
for  the  shadow  of  the  axis  would  fall  upon  each  particular  hour  line  of  the 
dial  when  it  fell  upon  the  like  hour  circle  of  the  sphete.  Those  who  are  further 
interested  in  the  saUect  we  would  refer  to  Eiuenon's  Dialling,  and  Fel^uson'i 
Leclurei  on  Meduaaa.  Dr.  Brewster,  in  the  Appendix  to  his  valuable  edition 
of  thii  latter  work,  hii  described  an  aoalemmatic  dial,  which  seta  itself.  Many 
ingenious  constructions  of  dials  are  also  given  in  Dr.  Hutton's  Symulalion  of 
Monluela'i  Rtcnaiumi. 

DIAMETER,  in  Geometry,  the  line  which,  passing  through  the  centre  of  a 
circle,  or  other  curvilinear  fi^e,  ^vides  it  or  its  ordinate*  into  two  equal 

DIAMOND.  The  moat  brilliant  and  the  moit  valued  of  all  the  minerale. 
It  is  found  of  all  colours — white,  grey,  red,  brown,  yellow,  green,  blue,  and 
black;  the  colourless  varieties  are  the  most  esteemed.     If  vety  transparent  and 

Sure,  they  are  laid  to  be  of  the  first  water ;  and  in  proportion  as  taey  depart 
tim  this  transparency  and  purity,  tliey  are  denominated  of  the  aecond  or  ttiird 
water.  Tlie  extraordinary  lustre  of  the  diamond  la  said  to  be  derived  from  its 
reflecting  all  the  light  which  falls  on  its  posterior  surface  at  an  angle  of  inci- 
dence greater  than  24°  13';  artificial  gems  reflect  onl^  half  this  TigbL  The 
weight,  and,  consequently,  the  value  of  diamonds,  is  estimated  in  carats,  one  of 
which  is  equal  U>  four  grains ;  and  the  piece  of  one  diamond,  compared  to  that 
of  anodier  of  equal  colour,  transparency,  purity,  form,  &c.,  is  as  the  squares 
of  the  respective  weights.  The  average  price  of  rough  diamonds  that  are  worth 
working  is  about  two  pounds  for  the  first  carat ;  and  the  value  of  a  cut  diamond 
being  equal  to  that  of  a  rough  diamond  of  double  weight,  exdiuive  of  the  price 
of  workmanship,  the  cost  of  a  wrought  diamond  of 

1  carat  is £  £6 

2  ditto  is 2')t8  =  32 

3  ditto  u 3*  X  8  =  72 

4  ditto  U 4»X8   =  128 

5  ditto  is 5'X8   =  200 

This  rule  is,  however,  not  extended  to  diamonds  of  more  than  20  carats 
(vdue  3,200f.} ;  the  larser  ones,  in  consequence  of  the  scarcity  of  purchasers, 
being  disposed  of  at  pnces  greatly  inferior  to  their  estimated  worth.  It  does 
not  appear  that  a  larger  sum  than  130,000/.  was  ever  given  for  a  diamond, 
which  was  brought  bv  a  gentleman  named  Pit,  fi^m  India,  and  was  hence 
called  the  Pit  diamond.  Diamonds  can  only  be  cut  and  polished  by  their  own 
Bubetance.  The  operation  it  commenced  by  rubbing  several  against  each  other 
whda  rough,  after  having  fint  glued  them  to  the  ends  of  two  wooden  blocks, 
thick  enough  to  be  held  m  the  hand.     The  powder  thus  rubbed  off  llie  atones 
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if  received  into  a  Hule  box  for  ihe  flubsequent  purpoMt  of  grinding  and  polisli- 
ing  them.  These  operations  are  effected  by  a  mill,  which  turns  a  wheel  of  soft 
iron,  on  which  is  sprinkled  the  diamond  dust,  mixed  with  oil  of  olives ;  the 
particles  of  diamond  becoming  imbedded  in  the  soft  iron  by  the  rubbing  action, 
and  presenting  a  multiplicity  of  opposing  cutting  angles  to  the  stone  under 
operation,  which  is  thereby  shapea  accoraing  to  the  design  of  the  (merator. 
The  same  dust  well  ground  and  ailuted  with  water  and  vinegar  is  used  in  the 
sawing  of  diamonds,  which  is  performed  by  an  extremely  nne  iron  or  brass 
wire ;  the  operation  being  similar  in  principle  to  the  sawing  of  blocks  of  stone 
for  the  use  of  the  mason,  by  means  of  sharp  sand  and  a  blunt  blade  of  iron. 
Brilliants  are  those  diamonds  which  are  cut  in  faces  at  the  top  and  bottom, 
and  whose  table  or  principal  face  at  top  is  flat.  Rose  diamonds  are  quite  flat 
underneath,  with  the  upper  part  cut  into  many  little  facets,  usually  triangles, 
the  uppermost  of  which  terminates  in  a  point  The  only  chemical  difference 
between  diamond  and  the  purest  diarooal  is,  that  the  latter  contains  an 
extremely  minute  portion  of  hydrogen.  It  is  said  that  diamonds  have  been 
recently  artificially  produced  from  charcoal. 

DIAPASON.  An  interval  in  music  that  expresses  the  oeteiw  of  the  Greeks. 
This  term  is  likewise  applied  to  the  rule  or  scale  whereby  musical  instrument 
makers  adjust  the  pipes  of  organs,  and  cut  the  holes  of  hautboys,  flutes,  &c. 
in  due  proportion,  for  performing  the  tones,  semi-tones,  and  concords,  with 
precision. 

DIAPER.  A  kind  of  doth,  on  which  is  formed  a  variety  of  designs,  chiefly 
employed  for  table  linen.     See  Weaving. 

DICE.  Small  cubical  pieces  of  bone  or  ivory,  marked  with  dots  on  each 
face,  from  one  to  six.  To  give  uniformity  to  their  figure,  or  to  make  true  dice, 
is  of  course  a  very  simple  art ;  but  the  ingenuity  of  the  dice-maker  is  csJled 
into  action  to  construct  false  or  untrue  dice  for  the  sharping  gamester ;  for  him 
they  are  so  skilfully  constructed  or  loaded,  as  to  ensure  a  preponderance  of 
favourable  chances,  without  incurring  the  probability  of  the  cause  being  dis- 
covered. Some  of  their  nefarious  processes  are  known  to  us,  but  it  is  not  our 
province  to  extend  the  knowledge  of  so  vile  an  art. 

DIFFERENCE  is  the  remainder  after  taking  the  less  of  two  quantities  from 
the  greater. 

DIFFERENTIAL,  in  the  higher  Geometry,  is  an  infinitely  small  quantity, 
or  part  of  quantity,  so  small  as  to  be  less  than  any  assignable  one,  and  is  thus 
denominated  because  it  is  frequently  considered  as  the  difference  of  two 
quantities,  and  as  such,  is  the  foundation  of  the  differential  calculus.  The 
term  differential  is  also  applied,  in  Mechanics,  to  various  machines  for  imparting 
to  a  body  the  difference  of  motion  of  two  other  bodies  moving  in  contrary 
directions;  an  example  of  this  is  shown  in  the  Chinese  crane,  under  the 
article  Crane.  For  further  instances,  see  Pulley  Differential,  Screw 
Differential,  and  Wheel  Differential. 

DIGESTER.  A  strong  vessel  formed  of  iron  or  copper,  the  lid  of  which 
screws  down,  and  is  made  tight  by  luting  or  grinding;  and  the  steam  not 
being  allowed  to  escape,  the  water  acquires  a  very  high  temperature,  by  which 
its  solvent  powers  are  greatly  increased.  To  prevent  accidents,  a  small  safety 
valve  is  inserted  in  the  lid.  The  digester  is  the  invention  of  the  celebrated 
Papin. 

DIGIT,  in  Arithmetic,  any  one  of  the  ten  numerals  1, 2, 3, 4,  5, 6, 7,  8, 9,  0 ; 
also  a  measure  equal  to  three-quarters  of  an  inch. 

DILATATION.  The  expansion  of  a  body  into  a  greater  bulk  by  its  own 
elastic  power.  It  differs  from  rarefaction  :  for  though  the  effects  of  both  are 
nearly,  if  not  quite  the  same,  vet  the  latter  arises  from  the  application  of  heat. 
It  has  been  observed  by  modem  philosophers,  that  bodies  which  have  been 
compressed  and  are  again  set  at  liberty  endeavour  to  dilate  themselves  with  a 
force  equal  to  that  by  which  they  are  compressed ;  accordingly  they  are  found 
to  sustam  a  force  and  raise  a  weight  equivalent  to  the  force  of  compression. 
Bodies  in  the  act  of  dilating  by  their  own  elasticity  exert  a  greater  force  at  the 
beginning  than  towards  the  end^  as  being  at  first  more  compressed ;  and  the 
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S -cater  the  compresuon  ia  the  greater  is  the  elastic  power  and  endeayour  to 
late :  hence  tne  compressmg  poweri  the  compressioni  and  the  elastic  force, 
are  necessaiily  equal,  and  may  he  taken  the  one  for  the  other.  The  motion 
hy  which  compressed  bodies  restore  themselves  is  usually  accelerated,  though 
sometimes  not.  When  compressed  air  begins  to  restore  itself,  and  dilate  into 
a  larger  space,  it  is  still  compressed,  consequently  new  impetus  is  continually 
impressed  upon  it  by  the  dilatative  cause ;  and  the  former  remaining  with  this 
continual  addition,  the  effect,  namely,  the  velocity,  must  Ukewise  evidently  be 
increased.  But  it  may  also  happen,  that  where  the  compression  is  only  partial, 
the  motion  of  dilatation  will  not  only  not  increase,  but  be  even  retarded,  as 
is  the  case  when  sponge,  soft  bread,  gauze,  and  other  similar  bodies,  are 
compressed. 

DIOPTRICS.  Tlie  doctrine  of  refracted  vision,  which  investigates  and 
explains  the  effects  of  light  refhurted  by  passing  through  different  media,  as 
air,  water,  glass,  &c. 

DISTILLATION.  The  art  of  obtaining  in  a  separate  state,  by  the  appli- 
cation of  heat,  the  more  volatile  parts  of  oodles ;  but  the  term  is  generally 
limited  to  signify  the  separation  of  volatile  liouids,  for  when  the  volatile  product 
is  obtained  from  a  solid,  and  assumes  a  solid  form,  the  operation  is  termed 
sublimation.  In  the  distillation  of  liquids  the  most  volatile  parts  rising  in 
vapour  first  are  conducted  to  variously  msposed  refrigerators,  usually  composed 
of  metal,  and  surrounded  with  cold  water,  which,  abstracting  a  portion  of  heat 
from  the  vapour,  it  becomes  condensed,  and  assumes  a  liquid  form.  One  of 
the  principaf  api^cations  of  the  art  of  distillation  is  the  preparation  of  spirituous 
liquors,  which  is  usually  divided  into  two  branches.  The  first,  termed  distUlatum, 
consists  in  separating  the  spirituous  parts  of  fermented  liquors,  mixed  with  a  laree 
portion  of  water,  from  tiie  fixed  or  nonvolatile  parts ;  and  in  the  latter  branch, 
termed  reetificoHonf  the  spirit  is  concentrated  and  purified  principaUy  by  means 
of  redistillation.  Havine  already  treated  lareelv  upon  the  various  methods  of 
e&cting  this,  under  the  head  Alcohol,  we  snaU  in  this  place  limit  ourselves 
principally  to  tiie  description  of  the  preparatory  process  of  distillation,  t<q;ether 
with  some  of  the  most  approved  apparatus  employed  therein. 

In  London  and  its  neighbourhood  the  process  of  forming  the  wash  for 
distillation  is  the  same  as  in  brewing  for  beer,  except  that  no  hops  are  used, 
and  that  instead  of  boiling  the  wort  they  pump  it  into  coolers,  and  afterwards 
draw  it  into  backs,  to  be  wen  fermented  with  yeast  During  the  fermentation, 
considerable  attention  should  be  paid  to  the  temperature  of  the  liquid,  which 
should  be  steadily  maintained  at  about  70<>  Fanr.,  and  the  fermentation  is 
continued  until  the  liquor  grows  fine  and  pungent  to  the  taste,  but  not  so  long 
as  to  allow  acetous  fermentation  to  commence.  In  thii  stale  the  wash  is  put 
into  the  still  (of  which  it  should  occupy  about  three^burths),  and  distilled  with 
a  genUe  fire  as  long  as  any  jspint  comes  over,  which  is  generally  until  about 
htuf  the  wash  is  consumed.  Tne  form  of  the  common  still  is  too  well  known  to 
need  any  particular  description.  It  generally  consists  of  a  large  boiler  made 
of  copper,  and  fixed  in  masonry  over  a  fire-place.  The  boiler  has  a  head,  or 
capital,  as  it  is  caUed,  which  is  of  a  globular  form,  to  which  is  soldered  a  neck, 
forming  an  arch  curved  downwards,  and  fits  into  what  is  called  the  worm :  this 
is  a  long  tube,  made  generally  of  pewter,  of  a  gradually  increasing  diameter ; 
it  is  curled  round  in  a  spiral  form,  and  enclosed  in  a  tub,  which  is  kept  filled 
with  cold  water  during  distillation.  That  celebrated  philosopher  and  mechanic, 
the  late  Mr.  Wat^  having  ascertained  Uiat  liquids  boil  in  vacuo  at  a  much 
lower  temperature  than  when  under  the  pressure  of  the  atmosphoe,  endeavoured 
to  turn  this  circumstance  to  advantage  m  distillation,  under  the  idea  that  less 
fuel  and  also  less  water  for  condensation  would  be  required ;  but  found,  by 
experiment,  little  or  no  adyantage  in  this  respect,  the  latent  heat  of  the  vapour 
being  nearly  the  same,  whether  formed  in  vacuo  or  under  the  pressure  of  the 
atmosphere.  The  idea  of  distillation  in  vacuo  was  subsequently  taken  up  by 
Mr.  Iritton,  as  affording  a  means  of  preventmg  any  empyreumatic  flavour 
being  imparted  to  the  spirit  by  the  burning  of  any  matter  contained  in  the  stfll, 
as  a  heat  considerably  less  than  21 2^  Fahr.  is  sufficient  to  cause  the  wash  to 


436 


DISTILLATION. 


boil  rapidly  in  vacuo.    The  annexed  dia^m  exhibits  a  section  of  Mr.  Tritton*s 
apparatus  for  distilling  in  vacuo.    A  u  the  body  of  the  still ;  B  is  a  water 


bath,  into  which  the  body  of  the  still  is  immersed;  C  is  the  head  or  capital; 
D  the  neck  of  the  same,  which,  curving  downwards,  is  connected  with  a  pipe 
that  enters  the  condensing  vessel  £ ;  F  is  a  refrigeratory  or  dose  vessel,  con- 
taining cold  water,  for  converting  into  liquid  the  spirituous  vapours,  which, 
having  been  raised  in  the  still,  are  contained  in  the  vessel  E.  From  the  bottom 
of  the  vessel  £  a  pipe  issues,  for  conveying  the  liquid 
and  the  vapour  not  yet  condensed  into  vessel  6, 
which  being  surrounded  with  cold  water  contained  in 
the  vessel  H,  acts  also  as  a  refrigeratory,  and  reduces 
the  whole  of  the  remaining  vapour  into  a  liquid  state. 
I  is  an  air  pump  for  effectmg  a  vacuum  in  the  vessels 
AEG;  R  is  a  stop-cock  for  cutting  off  the  conrniu- 
nication  between  the  vessels  £  and  G,  when  the 
contents  of  G  are  drawn  off  by  the  cock  M,  by  which 
means  a  vacuum  is  preserved  during  that  operation  in 
the  vessel  £  and  tne  still  A.  L  is  an  air  cock,  to 
admit  air  into  the  vessel  G,  to  allow  the  contents  to 
run  out  at  M ;  N  is  the  discharge  cock  to  the  still  A. 
It  will  be  seen  that  the  greatest  heat  to  which  the 
matter  in  the  still  can  be  subjected  can  never  exceed 
212<>  Fahr. ;  but  upon  the  pressure  of  the  atmosphere 
being  removed  by  means  of  the  air-pump,  the  4)1*8- 
tillation  is  effected  at  the  low  temperature  of  132o  Fahr., 
by  which  means  all  injury  to  the  flavour  of  the  spirit, 
by  carbonisation  of  the  matters  contained  in  the  stil^ 
IS  entirely  avoided. 

Dr.  Amott,  in  his  work  on  the  Eletnenit  ofPhyaia, 
proposes  a  mode  of  distilling  or  evaporating  in  vacuo, 
witnout  the  aid  of  an  air  pump,  by  simply  establishing 
a  communication  between  a  dose  distilling  or  evapo- 
rating vessel,  and  the  top  of  a  water  barometer.  The 
principle  of  this  method  will  be  readily  comprehended 
by  referring  to  the  annexed  diagram  and  its  accom- 
panying explanation,  a  is  the  evaporating  vessel  or 
still,  the  neck  of  which  communicates  with  a  strong 
vessel  h,  forming  the  top  of  the  barometer ;  from  the 
under  side  of  b  proceeds  a  tube,  plunging  in  a  small  vessel  d,  situated  36  feet 
below  the  bottom  of  b.  The  cocks  at  d  and  e  being  shut,  the  vessel  b  and  the 
descending  pipe  are  to  be  filled  with  water  through  a  cock  e  at  the  top ;  then 
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ttih  cock  being  ihul,  uid  tha  cock  at  d  opened,  the  wat«i  will  link  down  out  of 
tlie  vfBfel  b  until  the  column  in  the  tube  be  only  34  feet  high,  aa  at  f,  that 
being  the  height  which  the  atmosphen  will  iu^^iort  On  opening  a  commu- 
nicatioD  between  the  reuel  a  and  the  vacuum  in  b,  the  operation  goes  on  «« 
deiired,  and  the  iteam  arinng  flt>ni  a  may  be  constantly  condensed  by  allowing 
a  laiall  itream  of  water  to  run  through  b  from  above,  in  cases  where  it  is  tought 
to  ooncentnte  any  liquid  inn  in  vacuo;  but  for  distill  ution,  where  the  condensed 
vapooT  » the  product  which  ii  aought,  the  watM'  must  be  applied  exteraally  tt 
b,  by  placing  that  vessel  in  another  vessel  g,  kept  constantly  fill]  of  water.  IT 
tlie  vacuum  becomes  destroyed  by  the  accumulation  of  the  air  extricated  in 
boiling,  it  may  be  easOy  restored  by  refilling  i  as  at  firsL  Dr.  Amott  states 
that  he  planned  this  arrangement  as  a  simple  apparatus  for  the  preparation  of 
medicinal  extracta,  as  many  watery  extracts  from  vegetables  have  their  virtues 
impaired  or  destroyed  by  a  heat  of  212";  but  when  the  water  is  drifen  off  in 
vacuo,  the  temperature  need  never  be  higher  than  blood  heat  The  doctor 
further  observes,  that  this  plan  appean  "particularly  well  suited  to  the  colonies, 
where  aiiviHimps  and  uicer  machmery  can  with  difficulty  be  either  obtained  or 
managed,'' 

The  annexed  eneravin^  represents  Sir  Anthoiif  Perrier's  improved  apparatus 
for  distillation.  The  object  of  this  invention  is  to  eeuse  the  liquid  to  Sow 
gradually  over  the  healed  surface  of  the  body  of  the  stiU,  and  during  it 
progTMS  to  give  out  its  spirituous  vapour,  am'  '        -^  ---■-  ^- 


unintemipted  distillation  u  long  as  the  supply  of  liquid  is  lumtahed  and  the  Ore 
kept  up.  ^,  1  is  a  view,  In  profile,  of  the  section  of  the  still,  and  Fig.  2  is  a 
plan  of  the  same.  The  bottom  oi  this  boiler  is  divided  by  concentric  partitions, 
which  itand  up,  as  in  F^.i,  suSdenlly  high  to  prevent  the  liquor  from  boiling 
over.  -  These  partitions  have  openings  from  ime  to  the  other  at  opposite  sides, 
BO  as  to  mdce  the  course  a  sort  of  labyrinth,  /is  a  reservoir  of  liqun- prepared 
Aw  the  opcratioa ;  ^  is  a  pipe  or  tube  descending  from  the   reservoir,  and 
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condiictmgthcliquortathalpBrtnf  (be  boiler  ntirked  A,  which  M  ihe  commence- 
tnent  of  the  race.  From  beuce  Ihe  liquor  flaw*  throush  the  channeli^  u  (hovn 
by  the  bent  srrowi,  profreuiTel]'  trkvernoK  Uie  whola  mrftoe  of  the  bo^Hn, 
whereby  the  full  effect  oT  the  Gre  U  exerted  upon  ■mail  jMMioiM  of  the  liquid, 
which  cauaet  the  evaporation  t«  proceed  with  great  rapidity.     Hie  naidoe  of 


the  liquid  then  pas 


pipet,  w 


'  by  the  diwharge  P  ,      ,  ,  ..- 

the  purpose  of  regiilating  the  quantity  and  depth  of  fluid  in  the  itiB ;  and  thk 

'  'wtion  to  the  adminion  pipe,  aa  to  caua*  the  perfect 

»  puaage  to  the  regulatjng  tube.  In  the  atill,  aa 
■iiown  at  fig.  I,  a  act  of  chaina  are  leen  nupended  from  a  bar  ■  t,  aupported 
hy  a  centre  ifaaft,  which  may  be  put  in  motion  by  a  toothed  wheel  and  pinion, 
actuated  by  a  crank  or  winch.  These  chaina  hang  in  loopi^  and  Ml  into  the 
ipacea  between  the  partttioni,  for  the  purpoae  of  aweepinK  the  bottom  of  tlie 
atill,  and  preventing  Ihe  material  operated  upon  flnm  bummg,  when  of  a  thick 
or  elnlinoui  nature,  aa  turpentine,  ayrupa,  &c 

In  the  atill  we  are  now  about  to  deicribe,  invented  by  Mr.  Prater,  of 
Houndaditch,  the  obji^ct  ii  the  econoroiiingof  fuel,  and  the  production  of  a  pire 
spirit,  by  a  peculiar  arriuiKement  of  the  veaieU  employed,  that  ahall  at  the  aame 
time  be  in  perfect  accordance  with  the  eiiating  eicue  law*.  Th«  tetuk  atill, 
innlead  of  being  expoied  to  naked  fire,  ia  immened  in  boiling  water,  the  vapour 
from  the  former  enteri  the  low  wine  atill,  where  it  ta  condenaed  ;  the  wine  ihua 
abatracta  the  heat  from  the  waih,  becomes  itself  v^iouriied,  and  is  conduced 
into  a  refrigeratory ;  the  (int  and  second  distillations  are  in  this  meuner  con- 
ducted together  by  a  continuous  process,  which  will  be  beat  undeiatood  hy  a 
reference  to  the  annexed  dii^ranu    a  i*  a  supposed  steam  engine  boiler,  or 


othei  similar  veasel,  the  heat  fivm  which  boila  the  wuh  (or  low  wine)  in  the 
still  b.  To  prevent  Ihe  liquid  &om  boiling  over  into  the  condcoaer,  the  neck  ■• 
formed  of  the  shape  shown  at  ■ ;  from  hence  the  vapour  passes  through  a  steam- 
tight  case  £,  immened  in  a  reservoir  c,  containing  either  wash  or  the  product 
of  the  first  diitillation,  where  it  becomes  partly  condenaed;  the  vapour  and 
Cfnitntti   liquid   then   descend   through  the   worm    beneath,   wherein   the 
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coadeoMtion  is  completed  and  the  li^id  cooled,  which  then  runs  into  the  closed 
recipient  d  underneath.  This  recipient  d  therefore  contains  the  weak  spirit  of 
the  first  distillation,  called  low  wines,  to  re-distil  which  product  it  is  raised  by 
the  pump  f,  and  discharged  into  the  reserroir  c,  which  is,  in  effect,  the  low 
wine  still.  The  liquid  in  this  vessel,  as  before  mentioned,  is  vapourized  by  the 
heat  of  the  vapour  from  the  wash  still  passing  through  it;  it  is  afterwards 
condensed  in  tne  refrigeratory  g,  and  finaily  received  into  the  closed  vessel 
A,  where  the  operation  is  completed. 

The  engraving  on  p.  440  represents  the  patent  distilling  apparatus  of  Mr. 
Stein;  in  appearance  it  greatly  resembles  those  constructed  m  France  upon  the 
plan  of  Woolfs  apparatus ;  but  the  principle  of  its  operation  is  totally  dif- 
ferent, the  object  bein^  rather  to  cause  a  great  economy  in  the  consumption  of 
fuel,  than  to  obtain  spirits  of  any  required  streneth  at  a  single  operation.  The 
heat  absorbed  in  the  conversion  of  a  given  weight  of  water  into  steam,  exceeds 
greatly  that  which  b  reouired  to  raise  its  temperature  to  the  boiline  point ;  a 
pound  of  water  converted  into  steam  raising  six  pounds  of  water  to  tne  point  of 
ebullition.  The  heat  thus  developed  varies  in  different  liquids,  but  is  in  all 
cases  considerable ;  and  as  distillation  is  ordinarily  conducted,  this  heat  is  not 
merely  lost,  but  occasions  a  considerable  additional  expense,  from  the  great 
quantity  of  water  required  to  reduce  the  vapour  to  the  liquid  state.  To  obviate 
these  two  sources  of  loss,  the  patentee  has  contrived  his  apparatus,  so  that  one 
portion  of  liquid  formed  into  vapour  shall  be  reduced  to  the  liquid  form  by 
another  portion  of  liquid,  which  is  evaporated  by  the  heat  given  out  in  the 
condensation.  But  to  convert  a  fluid  into  steam,  not  only  a  certain  quantity  of 
heat  is  required,  but  the  heat  must  also  be  of  a  certain  intensity ;  thus,  although 
a  pound  of  steam  at  21 2®,  would  raise  six  pounds  of  water  to  the  boiling  point, 
it  would  convert  no  portion  of  it  into  steam,  as  the  moment  the  water  had 
acquired  the  heat  of  the  steam,  it  would  receive  no  further  portion  of  heat  from 
it ;  but  if  the  steam  is  formed  under  a  pressure  exceeding  that  of  the  atmosphere, 
its  heat,  as  indicated  by  the  thermometer,  is  increased,  and  consequently  it  will 
continue  to  impart  heat  to  a  liquid  which  has  attained  the  boiling  point  under  a 
less  pressure  than  the  steam  employed  to  heat  it.  Upon  the  combination  of  these 
two  principles,  Mr.  Stein's  apparatus  is  constructed.  Nos.  1, 2, 3,  and  4,  are 
four  oblong  elliptical  vessels  or  stills,  two  of  which  are  shovm  in  section  ;  the 
lowermost  halves  are  enclosed  in  casings  a  a,  forming  tliereby  steam  chambers 
bb;  each  still  has  a  vertical  pipe  eeec,  terminated  by  a  double  passage  cock 
d  df  one  passage  opening  into  the  pipe  «,  which  leads  to  the  worm  tub^  whilst 
the  other  opens  a  communication  from  one  still  to  the  steam  case  of  the  next 
still,  by  means  of  the  curved  pipes  ///;  that  from  the  still  1  leading  to  the 
steam  case  of  still  2,  and  so  on  m  succession.  The  stills  are  charged  from  the 
pipe  ff,  the  quantity  admitted  being  reenlated  by  the  floats  h  ;  each  steam  case 
communicates  by  ttie  pipes  ////  (which  are  furnished  with  cocks)  with  the  pipe 
k  proceeding  from  the  boiler.  From  the  lower  part  of  the  steam  case  proceed 
pipes  mm;  that  from  still  1  leads  to  the  cistern,  which  furnishes  the  steam 
DOiler  widi  hot  water,  whilst  the  others  may  either  communicate  with  one 
common  main  n,  leading  to  a  refrigerator,  or  they  may  each  communicate  wiUi 
a  separate  refrigerator.  From  the  upper  part  of  each  steam  case  proceeds  a 
pipe  (shown  at  3  and  4)  which  communicates  with  a  gauge  pipe  pp,  and  ter- 
minates in  a  syphon  barometer  qq,  rrrr  are  the  man  holes  to  each  still ; 
St  ft  the  discharge  pipes  to  the  stills,  the  steam  cases  being  emptied  by  tuning 
cocks  in  the  pipes  m  m  leading  to  the  main  n.  The  operation  is  as  follows  :•— > 
The  stQls  being  charged,  and  we  cocks  d  being  open  to  e,  the  steam  is  admitted 
to  each  case  by  the  pipes  /  /  leading  from  the  steam  pipe  Ar,  and  is  rapidly  con- 
densed in  the  steam  case,  the  air  escaping  by  a  pipe  not  shown  in  our  drawing. 
When  the  Uquor  in  the  stills  has  nearly  attamed  tne  boiling  point,  the  steam  is 
shut  off  from  all  the  cases  except  that  of  1,  and  the  cocks  tf  are  opened  to  the 
pipes  y^  and  the  main  n,  being  cleared  of  the  condensed  water,  the  cocks  on  m 
of  2,  3,  and  4  are  closed.  The  steam  from  the  boilers  (which  is  under  consider- 
able pressure)  continues  to  flow  into  the  case  1,  and  by  the  heat  given  out  to 
the  liquor  in  the  still,  causes  it  to  boil ;  the  vapour  passes  into  the  steam  case 
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of  2,  and  the  liquor  in  2  condcnw*  ibe  itvan  ib  1 ,  midl  a  eMmniHi  lenpcnttirc 
ii  attained ;  then  the  iteam  fhnn  1  being  no  longer  condeiued,  and  continuing 
Btill  In  receire  heat  from  the  boiler,  iti  prctnire,  and  conieqnently  iti  temper, 
ature,  increaiei,  and  it  again  givei  ont  beat  to  the  liipiid  in  3,  wUch  camet  it 


o  boil.    The  vaponr  (rom  2  then  pane*  into  the  >te«n  eaae  of  3|  where  the 
ame  proceM  emuei,  and  which  ii  mbee^uently  repeated  under  the  ttUl  4,  th* 


<  to  (he  condenier. 


■team  &OBi  which   paxei   by  the  pipe  <  t(    .   _   

liquidi  in  2,  3,  and  4  be^n  to  boil,  Uie  cock  on  m  muat  be  partially  opened  tfl 
allow  the  coodcnaed  ipint  lo  pau  by  the  pipe      '     '        "  ""'  '' 


d  ipint  lo  pau  by  tlie  pipe  k  to  the  Mfngeratoar ;  yet  alway* 
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n-Uintng  •  eertaln  portion  in  ths  (team  cum,  the  iisight  of  whicli  may  ba 
uMeHuncd  by  the  gauge  ppe  p,  vhilat  the  tiarometer  ;  q  will  indicate  the 
preuiure  of  the  iteani  m  each  iteain  case.  The  proper  prenuret  will  Im  betf 
obtained  by  obierration,  ai  it  will  yuj  in  difierent  Uquon  during  the  diitillA- 
tion.  The  penon  conductinK  the  proeew  nnitt,  tliarefore,  pay  great  attention  to 
the  barDmeter;  and  to  enable  biro  to  do  thii  with  bciliw,  the  gai^  PP»  and 
baroraeter  are  all  tanged  in  a  cluster  at  the  centre  oS  the  upanto*.  Bj  tbti 
mode  of  distillation,  it  wiU  ba  seen  that  the  latent  heat  of  lhree>fbnrth«  of  the 
Hqnid  eTaponited  ia  laved,  which  prodncei  a  cciTesponding  MTing  in  the  aitiele 
of  condenuns  water- 
In  Mr.  WuHams's  appantoa  for  diitillation,  fbr  which  be  obtained  a  patent 
about  the  year  1821,  the  itnprovementt  projected  are  compriaed  under  the 
following  heads  ;  via.  an  etilnrged  capacity  of  the  still  bead,  to  cause  a  separa- 
tion of  the  aqueous  vapour  1^  condensatioa,  previous  to  its  passing  over  the 
neck  of  the  still  into  the  spirit  condenser ;  in  the  employntent  of  numerous 
small  vertical  tubes,  surrounded  with  cold  water,  to  increase  and  accelerate  the 
condensation ;  in  tbe  adaptation  of  a  peculiarly  constructed  "  cooling  worm," 
bj  which  it  is  conceived  the  quantity  of  spirit  will  be  increased,  by  preventing 
evaporation  in  its  pn^ress  to,  and  when  in  the  receiver ;  and  in  the  employ- 
ment of  refrigerating  saline  mixtures,  for  the  mora  eSeetnal  cooling  of  the  spirit 


in  warm  climate*,  or  ia  wann  weather.  In  the  body  of  the  rtfll  (that  part 
when  the  v^onr  is  generated)  there  ia  no  impcovemant  propoaad,  bat  an 
enlarged  cijMciiy  of  Us  gtobulat  hwid,  to  cauae  the  watety  MrticlM  to  ftU  back 
mio  the  atiU  i  ihia  part  of  the  maratns  wa  have  omitted  in  our  diagram,  aa 
It  tetjulre*  no  additional  explaaaoon ;  the  engraving  Ibwefer^  ndatea  wholly 
to  the  apparatus  for  condcntation.  a  ii  tho  tarminUioQ  of  ma  Bed  of  (he 
still,  which  conveys  the  vsfwar  into  the  "  umer  dn 
among  a  number  of  mall  Ttrtteal  tnbaa  e,  which  tl 

exceed  three-fburlhs  of  an  UKh  in  tbair  interioi  div 

this  apiiaratiu  is  filled  with  cold  water,  the  condensation  inunediatelv  com- 
mences in  the  upper  drum,  and  is  completed  in  its  subsequent  progress  through 
the  vertical  tube*,  and  ths  "lower  drum"  d.     From  thence  tlie  fluid  runs 
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down  •  ecbtrol  neck  t  into  the  trap  /,  from  the  upper  put  of  which  trap  it 
•nlen  the  cooling  worm  h.  It  ii  evident  that  tlia  trap  /  i^  in  wording,  alvaya 
panly  filled  with  liquid ;  and  the  neck  *  being  immencd  therein,  any  vapour 
which  may  havs  escaptj  cMldentation  con  pan  no  further.  The  trap/haa  a 
Rinnel-Bhaped  bottom,  from  which  b  pipe  A  pawea  through  the  colli  of  the 
worm,  and  through  the  ud«  of  the  tub,  where  it  it  fumlthed  with  a  cock  for 
the  purpoie  of  drawing  off  any  impure  q>irit  which  may  be  feparalsd  Irom 
the  waih  in  the  fitit  alsge  d  the  procen,  and  to  diachai^  what  may  remain 


in  the  trap  when  the  procew  ■■  over.     To  the  trap  /  ia  alio  attached  another 
pipe  I,  called  the  aafe^r  pipo.  for  the  purpose  of  allowing  the  egreai 
of  atmoipherie  air  from  and  to  tha  condenaer,  to  prevent  both  p 


vacuum  therein.  The  eoili  of  the  conLina;  worm  are  made  octangular ;  the 
worm  itaelf  ii  made  flat,  and  of  conriderable  breadth ;  a  tranivene  lection  of 
it  ia  exhibited  in  the  aeparate  figure  k,  which  ebows  it  to  be  in  the  rorm  of  a 
parallelogram,  whoie  longest  ddea  are  four  inches,  and  its  ihorteat  half  an  iach 
wide,  loia  octangular  worm,  aiter  making  aix  complete  tuma,  aanunet  a  cir- 
cular shape,  and  diveivea  off  to  paai  through  the  side  of  the  tub ;  at  its  end 
outside  the  tub,  which  la  made  a  Utile  tapering,  is  fitted,  and  is  to  be  occation- 
■lly  applied,  a  crane-necked  pipe  I,  which  pipe  may  be  elevated  or  depreaaed  at 
pleasure,  for  the  purpose  of  keeping  three  or  more  of  the  coUa  of  the  wona  fUl 
of  liquid.  This  crane-necked  pipe  is  intended  to  be  applied  in  hot  weather,  or 
bat  climates,  to  axA  tlie  spirits  more  effectually,  and  prevent  their  evaporation, 
by  subjecting  the  same  in  a  xreater  degree  to  the  eflect  of  the  cold  water  in 
the  worm  tub.  An  additional  apparatus,  to  be  used  in  hot  climates,  of  un- 
doubted utility,  is  likewise  recommended  by  the  patentee,  and  claimed  by  him 
at  his  invention.  It  consists  of  another  pipe  m,  into  which  the  discharging 
end  of  the  crane-necked  ^ipe  is  made  to  enter ;  and  which  pipe,  eiler  pasang 
the  end  of  the  trough  h,  la  made  of  a  very  broad,  flat  ahape,  and  ninnmg  the 
whok  length  of  the  trough  (which  may  be  of  any  extent);  it  ia  then  to  return 
bjr  a  ver^  alight  deecen^  so  at  to  run  hack  very  grndy  into  the  funnel  of  the 
pipe  which  conveyt  it  into  the  receiver.  The  trough  n  ia  to  be  filled  with 
Glauber'i  aalta  and  nitre,  or  any  aaline  mixture  capable  of  producing  inteate 
cold,  for  the  more  effectual  cooling  of  the  apiriL  The  trough  may  be  placed 
upon  wheelt  and  axlet,  for  the  conienience  of  bringing  it  to  and  conveying  it 
bora  its  required  situation. 

Diidllation  is  very  comnionly  practised  in  India ;  and  although  the  apparatus 
it  of  Uie  most  simple  (not  to  say  rude)  description,  the  products  are  (generally 
of  inch  excellent  quality  aa  to  render  the  process  deserving  of  the  consideratioB 


of  the  Britisb  manufacturer  to  discover  the  cante.    The  still  comnKinly  used 
by  the  natives  of  Ceylon  is  represented  in  the  above  cuL     It  is  constructed 
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irhollf  or  earthenware,  excepting  the  Inli*  of  conimnnicatioii  betVMn  the 
alembic  and  the  refHger«tory,  which  ii  of  bamboo,  b  h  the  body  (or  boiler) 
of  the  •till ;  a  i(  the  capital,  luted  with  clay  to  b;  c  ia  ibe  bamboo  tube,  which 
conducts  the  vapour  into  the  receiver  d,  where  it  ii  condensed  by  being 
immersed  in  the  veaiel  of  cold  water  e.  It  ii  with  thia  rude  apparatus, 
(according  to  Dr.  Davy,)  that  the  SingaleM  distil  in  the  open  air  that  fine 
apirit  artaeJt,  which  ia  obtained  from  to&y,  the  fermented  juice  of  the  cocoa 


ork,  having  a  few  yean  back  had  hie  attention 


eonnected  therewith,  with  •  view  ic 
a  Bcriei  of  papen  on  the  wWect,  ir 
conducted.  Righting  (Uch  afterationa  ai  aeemed  to  him  practicable  with  the 
■imple  means  and  reaourcea  at  the  dispoaal  of  the  native* ;  and  the  Ceyloneaa 
■tiD,  jiiat  deacribed,  appearing  to  him  to  poaaeaa  coniiderabU  merit,  he  propoied 
the  following  modification  of  it,  in  winch,  whilst  the  beet  featurea  of  it  are 
retained,  it  la  rendered  in  aome  respects  more  eflicient,  fuel  and  labour  are 
economized,  and  by  a  simple  method  of  combining  aeveral  small  stills,  an 
apparatus  ia  conatructed  adapted  to  operations  on  a  more  extended  scale.  aaa» 


are  the  heads  of  a  scries  of  earthen  boilers,  of  the  kind  described  abore, 
but  instead  of  being  exposed  to  the  air,  they  are  set  in  a  cloae  furaace  b  t, 
built  of  clay,  or  of  the  aame  materiala  with  which  their  pottery  ia  formed.  This 
fiimaee  i*  proposed  to  be  built  in  a  circular  form,  to  any  convenient  extent,  m 
as  to  aurround  wholly  or  partially  the  other  paita  of  me  apparatus ;  it  is  for 
thia  reason  abown  in  the  drawing  aa  broken  away,  ader  being  extended  suffi- 
ciently to  allow  of  five  veisels  being  fixed  therein.  The  curved  figure  of  the 
fornace  la  given  to  it  chiefly  with  the  view  of  sfibrding  a  convenient  means  of 
connecting  the  banaboo  tubea  which  conduct  all  the  vapoura  from  the  several 
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ttJUi  into  the  cfhiider  d.  Thii  cylindar  i»  fiied  finoly  in  ft  dosed  tmscI  «, 
which  Berve*  both  «i  a  recipient  for  the  condeiued  liquid,  and  as  ui  enlarged 
chamber  for  the  vapout*.  On  one  aide  of  Ibe  cylinaer  d  there  is  an  oblong 
-  •perture,  made  lon^tudinally  for  the  egrewion  of 
the  vuMran,  vhicb  la  covered  by  a  light  piston,  so 
that  when  the  vapouri  have  attained  hut  a  very  little 
more  elastic  force  than  ii  luflicieot  to  overcome  the 
preinire  of  the  atmoiphere,  this  piston  A  lifted,  which 
uncover*  the  Aperture  to  a  certain  extent,  and  per- 
mit* the  vapours  to  pais  through  a  large  bamboo  tube 
of  communication  mto  a  thin  metal  refrigerating 
box  I ;  this  metal  box  is  supported  by  a  strons  tube 
o,  &xed  into  the  close  recipient  p,  the  tube  oeing 
open  to  both.  On  the  top  of  the  cylinder  is  fixed 
a  vertical  standard,  the  upper  end  of  which  be- 
comes the  fulcrum  to  a  lever  crank  i.  To  one  end 
of  this  crank  is  jointed  a  rod  or  stout  wire,  which 
connects  it  to  the  handle  of  the  wator  valve  k :  the 
other  aim  of  the  crank  lever  pnwea  between  anti- 
fiiction  rollers  on  the  [Hston  rod  A.  It  will  he  mani- 
feat  by  this  arrangement,  that  in  exact  proportion  to  the  volume  of  vapour 
that  etcapes  from  the  cylinder,  will  the  precise  <|iiantity  of  water  Decessan  to 
condense  it  be  showered  down  upon  the  refiigeratory ;  and  this  is  done 
uniformly  and  according  to  circumstancra,  vithout  any  attention  on  the  part 
of  tha  distiller.  By  the  elevation  an  J 
depression  of  the  piston  rod  i  also, 
the  long  ami  r  of  the  lever  crank 
may,  by  means  of  a  cord  i,  be  made 
to  open  a  sliding  door  or  damper  to 
the  furnace,  by  an  ftnangetnent  for 
thii  purpoae  omitted  in  the  rough 
■kelcn.  ks  it  u  objectionable  to  leave  i 
the  still-heads  exposed  to  the  air,  by  ' 
which  a  portion  of  the  vapour  be- 
comes condensed  and  runs  back  into 
the  still,  it  is  proposed  to  enclose  them  [ 
with  a  cap  of  wood  or  pottory,  like  that 
delineated  in  the  margin  abofe,  which 
will  envelope  them  in  a  heated  atmo- 
sphere. To  prevent  the  escape  of  the  „ 
heat  through  the  clay  walls  of  the 
furnace,  thev  are  made  double,  with  a 
stratum  of  charcoal  between,  as  repr*~ 
sented  in  the  annexed  sectional  vww, 

in  which  a  a  repreienti  the  strata  of  chatcod  imbedded  in  the  surrounding  clay; 
b  the  boiler;  e  the  head,  luted  to  the  boiler  enclosed  in  the  box  d,  through  an 

Xerture  in  which  the  neck  e  passes,  that  conducts  the  vapour  to  the  cylinder ; 
■  cavities  round  the  boiler  //  are  for  the  heated  air,  and  g  the  hearth,  on 
which  the  wood  is  thrown  at  one  end  of  the  fiiniace. 

DIVING  APPARATUS.  Contrivances  for  the  purpose  of  enabling  per- 
sons to  descend  and  to  remain  below  the  surface  of  the  water  for  a  great  length 
-'  ''—-        perform  various  operations,  such  as  examining  the  foundations  of 


bridges,  blosdng  rocks,  recovering  treasure  from  sunken  vessels,  See.  The  appa- 
latus  most  commonlv  employed  for  this  purpose  is  the  diving  bell,  the  invention 
of  which  is  generally  attributed  to  Dr.  Halley.     These  maebines  have  been 


«erally  attributed  to  Dr.  Halley.  These  maebines  have  been 
variously  modilied,  but  are  now  ordinarily  made  in  the  form  of  an  oblong 
chest,  open  at  the  bottom.  It  is  made  of  cast  iron  of  considerable  thickness, 
and  has  several  strong  convex  lenses  set  in  the  upper  side  or  roof  of  the  bell, 
to  admit  light  to  the  persons  within.  It  is  suspended  b^  chains,  hooked  to 
itMng  staple*  in  the  upper  part  of  the  beU,  and  which  chauu  are  paswd  round 
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■  windlMI  nippOTted  upon  the  lidea  of  two  lighl«rs  or  bargei,  bo  that  the  bell 
can  be  niwd  or  lowered,  npon  aignali  to  that  efTrct  from  the  penoni  within  the 
bell,  vho  are  supplied  with  freah  air  by  means  of  a  flexible  lioie  pa»ing  under 
the  lower  edge  ol  the  bell,  and  connected  with  a  set  of  forcing  punipi  placed 
in  the  barges.  The  air  which  haa  been  reipired  being  heated,  risea  to  the 
upper  part  of  the  bell,  whence  it  ucapoi  by  a  cock  An  apparalut  has  also 
been  devised  to  enable  a  person  In  quit  the  diving  hell,  and  remove  to  a  can- 
siderahle  distance  when  requisite,  and  Ktill  to  receive  the  necessary  supply  of 
air.  It  consists  of  a  copper  helmet,  fitling  watei^tight  to  the  shoulders  of  the 
wearer,  and  furnished  with  a  mouth  piece,  to  which  u  attached  a  flexible  hose, 
reaching  under  the  bell ;  but  recently  a  patent  hat  been  obtained  by  Mr.  W.  H. 
Jamei  for  a  somewhat  limilar  apparatus,  by  which  a  diver  can  carry  on  the 
neceuarr  operations  independently  of  a  diving  bell.  The  diver  is  attired  with 
a  portable  vessel  fplaced  around  and  adapted  to  the  figure  of  his  body,)  which 
is  filled  with  condensed  atmospheric  air;  and  by  means  of  a  simple  arrange- 
ment of  pipes,  end  judiciously  constructed  valves,  lie  is  enabled  to  supply  him- 
•elf  with  fresh  air  for  reipiralion  during  the  time  he  is  under  water.     In  the 


twn  aeeompanvuig  fi(>iires.  Ihe  letters  in  each  refi-r  to  the  same  parts      F^g  I 
gives  «  ft-onl  view  of  the  diver  fiilly  equipped  in  Ibe  apparatus,  and  supposed  to 


be  1 

■ngaged  ii 

1  recover 

me  from  the  dsep 

t>  vnr 

^-     _ 

2  (tivei  B 

lection 

on  >  larger  tcale. 

for  til. 

■everal  parW. 

A  h  III 

e  vessel  lo  con  tail 

^  the 

condensed  sir 

.  wtiicb  i 

s  to  be  filled  by  i. 

Ofl 

1  condensing  nir-ui 

limp ;    it  consiin 

of  > 

...  ;■  of  strong  melallic  tube*, 
tinuoua  tube,  coiled  elllpticaUy  round  the  bod.v, 
•nd  connected  together  by  bands,  to  which 
(traps  are  attached  to  secure  it  in  itii  poiition. 
At  a  is  a  valve  opening  inwards,  through  which 
the  air  is  to  be  forced  by  means  of  a  mndensiug 
pump,  until  it  has  acquired  the  required  drpee 
of  density,  which  will,  of  coune,  be  determined 


(or  Indian  rubber),  for  couveying  the  air 

tlie  waler-tieht  helmet  C,  by  mcam  of  a  velve    I 

io  contrived   as   to  be  completely  under  the 

control  of  the  diver.      This  helmet  may  be  l] 

muds  of  any  wuter-tieht   material,   but  thin  J^ 

copper  ii  recommended ;  it  is  provided  with  a 

strong  plate  of  glass  in  &ont,   lo  enable  the 

diver  to  see  surrounding  objects      Inside  the  | 

helmet  is  a  flexible  tube  e,  with  a  mouth-p 

at  the  end,  which  cotnes  near  lo  the  mout 

the  diver;  through  this  the  air  is  dischareed  I 

from  his  lungs,  and  passes  out  through  a  vdve  I 

d  in  the  top  of  the  helmet.     At  the  lower  pntt  I 

of  the  helmet,  and  round  the  breast,  back,  and  V 

■boulders,  a  water  proof  gannent  e  is  attached,    , 

fit^ng  closelv  round  the  body  of  ihe  wearer,   ' 

and   made   fast  by   elastic   bandages  /      To 

secure  the  diver  from  being  inconvenienced  by  the  _ 

the  helmet  becoming  too  great,  a  safety-valve  is  introduced.     Notwilhslandiug 

the  weight  of  the  apparatus  (amounting  perhaps  to  50  lbs.),  the  density  of  the 

water  at  great  depths  would  render  the  body  of  the  diver  too  buoyant  to  keep 

on  his  legs  and  execute  his  work ;  in  these  cases  it  will  become  necessaiy  to 

attach  weights  to  his  person,  capable  of   being  eaiily  removed,  if  desired ; 

some  are  therefore  shown  in  die  ngures  as  attached  to  tlie  apparatus ;  tli«se, 

liowever,  it  may  be  desirable  to  place  lower  down  his  person,  about  his  len  and 

f^et.     liie  same  apparatus  (divested  of  the  weights)  may  be  employed  with 

safety   and  advantage    in    mines    and   other  places   filled   with   deleterioui 

ga^es. 

DOCKS.  Enclosed  excavations  or  basing,  formed  for  the  reception  of 
shipping.  There  are  two  descriptions  of  docks,  viz.  wel  docks,  and  graving  or 
repuiring  docks.  Wet  docks  are  extensive  basins  formed  adjacent  to  rivers  and 
harbours,  with  which  they  are  connected  by  means  of  a  lock,  furnished  with 
gates  at  each  end,  so  that  vessels  remain  afloat  at  all  times  of  the  tide.  They 
are  usually  surrounded  with  warehouses,  for  the  purpose  of  loading  or  dis- 
charging vessels.  The  wet  docks  in  this  country  are  numerous  and  extensive, 
and  have  proved  highly  beneficial  to  its  commercial  interests;  as  in  these 
ships  lie  in  perfect  security  from  storms  and  depredation,  their  cargoes  are 
taken  in  and  delivered  with  the  utmost  diupalch,  and  the  navigation  of  the 
rivers  is  freer  from  obstruction.  The  town  of  Liverpool,  which,  IVom  the 
badness  of  its  harbour,  resorted  to  the  construction  of  wet  docks  in  1708,  has 
at  the  present  day  a  range  of  thtm  in  front  of  the  town,  and  along  the  banks 
of  the  river  Mersey,  extending  more  than  two  miles  in  length,  and  which,  from 
their  concentration  in  one  spot,  form  the  most  striking  display  of  the  kind  that 
can  any  where  be  met  with.  Hull,  Bristol,  and  Leith,  have  succeasftilty  emu- 
lated this  example.     Although  London  was  without  Ute  conveniences  of  wet 
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docks  until  the  commencement  of  the  present  century,  it  can  now  boast  of 
several,  some  of  which  exceed  in  magnitude  any  in  other  parts  of  the  kingdom. 
The  first  of  these  undertakings  was  the  West  India  Docks,  for  the  accommodation 
of  the  West  India  trade,  erected  under  an  Act  of  Parliament  passed  in  July, 
1799.  The  great  basin  is  420  yards  in  length,  and  230  yards  in  width,  covering 
an  area  of  twenty  acres.  A  basin  of  nearly  three  acres  connects  it  with  the 
river.  The  warehouses  are  most  noble  buildings;  the  tobacco  warehouse  is 
the  most  spacious  erection  of  the  kind  in  the  world,  being  capable  of  containing 
25,000  hogsheads  of  that  article,  and  the  vaults  underneath,  as  many  pipes  of 
wine.  Tms  single  building  under  one  roof  is  said  to  occupy  upwards  of  four 
acres  of  ground.  These  docks  were  opened  in  1805.  The  London  Docks  were 
begun  in  1 800,  and  completed  in  1 805.  The  principal  basin  is  420  yards  in 
length,  and  276  in  width,  giving  an  area  of  25  acres.  The  principal  range  of 
warehouses  occupies  a  superficies  of  120,000  square  yards.  The  first  stone  of  the 
East  India  Docks  was  laid  in  March  1825,  and  the  first  vessel  entered  them  in 
August  1826.  The  dimensions  of  the  dock  for  unloading  inwards  are  1410 
feet  in  length,  and  560  in  width ;  the  dock  in  which  vessels  load  outwards  is 
780  feet  long,  and  520  feet  wide ;  and  the  entrance  basin,  which  connects  thetn 
with  the  river  by  a  lock,  is  2f  acres  in  extent.  The  lock  is  210  feet  in  length, 
the  width  at  the  gates  48  feet  in  the  clear,  and  the  depth  of  water  at  ordinary 
spring  tides  24  feet.  The  warehouses  at  these  docks  are  of  trifling  extent,  the 
principal  part  of  the  cargo  of  vessels  unloading  here  being  conveyed  in  vans 
direct  from  the  ships  to  the  East  India  Company's  warehouses,  situated  in 
various  parts  of  the  city  of  London.  Besides  these  principal  docks  just  enu- 
merated, there  are  various  others  in  the  port  of  London,  which  our  limits  will 
not  allow  us  to  notice. 

Graving  or  Repairing  Docki  are  excavations  sufficiently  large  to  admit  one 
or  sometimes  two  vessels  for  the  purpose  of  being  repaired.  At  the  entrance 
is  a  pair  of  gatcF,  forming  an  angle  outwards  or  towards  the  river.  When  it 
is  required  to  dock  a  vessel,  the  water  is  admitted  by  means  of  sluices,  and 
when  it  has  attained  the  same  level  within  the  dock  as  without,  the  gates  are 
opened,  and  the  vessel  hauled  in  over  a  range  of  blocks  previously  laid  on  the 
floor  of  the  dock ;  the  gates  are  then  shut,  and  the  vessel,  being  steadied  by 
shores  or  props  placed  against  the  side  of  the  dock,  as  the  tide  recedes,  settles 
upon  the  blocks.  At  low  water  the  sluices  are  shut,  and  the  water  (if  any) 
remaining  in  the  dock  is  pumped  out,  so  as  to  leave  it  perfectly  dr)',  and 
to  allow  any  part  of  the  vessel  s  bottom  to  be  examined  and  repaired.  When 
the  soil  is  of  an  unfavourable  nature  for  excavations,  as  also  with  a  view 
to  avoid  the  delay  which  often  occurs  from  ships  being  able  only  to  enter  some 
repairing  docks  or  to  leave  the  same  at  the  height  of  the  springs,  a  contrivance, 
called  a  floating  dock,  has  been  proposed,  in  which  vessels  may  receive  the 
necessary  repairs.  Various  constructions  have  been  ofiered  for  this  purpose.  The 
engraving  on  the  following  page  represents  a  design  for  a  floating  dock,  by  Mr. 
Edward  Clark,  of  New  York,  civil  engineer.  This  dock  is  proposed  to  be  con- 
structed by  forming  a  float  of  timber  to  constitute  the  bottom  of  the  structure, 
and  which,  by  its  buovancy,  shall  support  a  vessel  within  the  dock  with  its  keel 
above  the  surface  of  the  water.  To  attain  this  end  the  float  is  made  in  the  form 
of  a  hollow  box,  composed  of  strong  logs  firmlv  jointed  together  and  caulked, 
so  as  to  render  it  water-tight.  The  capacity  of  the  hollow  part  must  be  such 
that,  when  exhausted  of  water  by  means  of  pumps,  it  shall  be  sufficiently  buoyant 
to  sustain  itself  with  its  load,  a  represents  the  float;  b  h  the  piers,  forming  a 
recess  to  steady  and  secure  the  float ;  c  c  perpendicular  supports  and  braces 
appended  firmly  to  the  piers ;  d  d  also  supports  appended  firmly  to  the  float,  so 
OS  to  allow  by  means  of  the  rollers  e  e  of  the  easy  and  steady  ascent  and 
descent  of  the  float  conformably  to  the  motion  of  the  tides  and  waves,  and  also 
of  sinking  and  raisins  the  float  in  the  same  place ;  /  the  stem  of  the  vessel ; 
g  g  bilge  blockings ;  h  h  braces,  all  for  supporting  and  steadying  the  vessel  in 
an  upright  position ;  t  timbers  framed  into  the  piers,  forming  a  bed  for  the 
support  of  the  float  while  sunk.  The  float  a  is  supplied  with  valves  and  pumps 
(not  shown  in  the  engraving) ;  and  if  it  be  required  to  float  the  vessel/,  nothing 
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more  is  neceisary  thnn  to  open  the  valvea,  when  the  float,  being  previouily 
balluted,  will  till  -with  water  and  link  to  iti  beii  The  veisel  /  being  now 
removed,  and  anotlier  mode  to  occupy  its  plan  bj  means  of  giiidn,  the  valTa 
are  to  be  closed,  and  the  pmnpa  put  ui  motion,  and  when  a  qiianiiiy  of  water 
lias  been  displaced  from  the  float  equiTalent  to  the  weicbt,  she  will  be  eleTBted 
entirely  above  the  water,  and  placed  in  a  motE  favouraiile  situation  to  undergo 


repairs.  A  float  of  this  description,  for  use  in 
coppered  eilernally,  and  occasionally  to  h«  tilled  with  some  other  saline  fluid, 
or  with  fresh  water,  to  preserve  it  from  wormi.  The  Committee  of  the  Franklin 
Institution  at  Pliiladelphis,  to  whom  this  invention  hai  been  submitted  by 
Mr.  Ctark,  state,  in  their  report  thereon,  that  the  main  objection  la  docks  at 
this  descriplion,  made  sufficiently  capacious  for  vessels  of  large  dimensions,  and 
for  the  operations  to  be  carried  on  in  repairing  them,  is  the  unequal  pressure  to 
which  their  bottoms  must  be  subjected  by  the  weight  of  the  veaiel  upon  them, 
and  the  upward  pressure  of  the  water.  They  are  aware  that,  by  judjciotn 
shoring,  much  of  the  weight  of  a  vessel  may  be  distributed  over  the  bottom; 
this,  however,  although  it  would  lessen  the  objection,  would  not  remove  it 
Ships,  although  constructed  in  a  shape  and  braced  in  a  manner  calculated  to 
render  them  stable,  undergo  in  neaHy  every  instance  a  change  of  form  after 
they  are  launched ;  to  this  chaufte  of  form  the  float  in  question  would  be  much 
more  liable,  inasmuch  as  jl«  flat  surfaces  are  less  calculated  to  resist  the  elTect* 
of  the  pressure  to  which  they  are  subjected. 

DODECAGON.     A  regular  polygon  of  twelve  sides. 

DODECAHEDRON.  A  solid,  having  twelve  equal  and  simiUr  ndet  ix 
faces,  each  of  which  is  a  regular  pentagon. 

DOVETAIL  is  a  term  implymg  ■  mode  of  connecting  two  pieces  of  wood 
or  other  substance  toother  b^  means  of  cutting  their  extremities  into  the  form 
of  a  dove's  tail,  and  interlocking  them  so  that  they  cannot  be  separated  in  ths 
direction  of  the  strain  without  breaking  the  materials  asunder.  Sometimes  a 
solid  piece  dovetailed  at  each  extremity  is  employed  to  connect  two  other 
pieces  or  parts  together,  by  entering  morticed  cavities  in  the  latter. 

DOUGH.  The  paste  formed  by  kneading  flour  and  water  together  in  the 
preparation  of  Bbead.  which  see  ;  also  Kneadiho. 

DRACHM,  or  DRAM.  A  weight  consisting  of  the  sixteenth  part  of  m 
ounce  avoirdupois,  and  the  eighth  or  an  ounce  in  apothecariea'  weight. 

DRAG  SHEETS.  The  name  given  to  a  contrivance  for  leuenmg  the  drift 
of  vessels  in  heavy  gales  of  wind,  for  which  Mr.  Burnett  obtained  a  patent 
in    1826.      The  current  caused   by  the  action   of  the   wind   extends   but  a 
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ftv  feet  betaw  the  inrface,  even  in  tbe  heBvieit  galea ;  and  if  a  body  be  nink 
to  a  connderable  depth  it  will  reiDaiii  nearly  itatioDary.  Dr.  PranUin,  awoie 
of  this  fact,  recommended  veweli  eacountcring  advene  mle*  >□  the  open 
ocean,  instead  of  lyine  to,  to  fcrm  a  kind  of  floating  anchor  by  attaching  • 
■lout  hauler  to  four  bridlea  from  the  four  cnniera  of  a  tail,  the  comen  being 
diitcnded  b^  *t»n,  and  then  lowering  the  Mil  into  the  tea  with  (ufficjent 
weight  to  nnk  iL    The  effect  of  it  wul  be  conuderable  in  retarding  the  pro- 


gtet*  of  the  veuel  aitem.  Another  well-known  fact  ie,  that  any  lubttance 
floating  upon  the  water,  prevent!,  in  a  very  great  degree,  the  wavei  froni 
breaking ;  and  fiihermen  and  uilDn  who  have  taken  lo  the  hoata  upon  n 
Teasel,  frequently  make  them  faet  with  lome  scope  of  rope  to  a  ipar, 
which  they  throw  overboard,  which  break*  the  fbrce  of  the  wavei,  and  allowi 
the  boat*  to  ride  in  compamtiTely  smooth  water.  Mr.  Bumett'i  invention  ii  • 
combination  of  these  two  plans,  as  will  be  petceived  from  the  annexed  repr«- 
The  upper  figure  repreaenti  the  dn^  sheet,  viewed  a  little  in 
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common  water  containt,  and  which  begins  to  leparate  from  that  fluid  as  It  rises 
under  diminished  pressure  in  the  short  leg  oi  the  syphon,  till  at  length  the 
angle  of  the  svphon  is  filled  with  air,  and  the  current  of  water  is  interrupted. 
To  remove  this  defect,  Mr.  Cowen,  of  Carlisle,  places  a  box  at  the  upper  angle 
of  the  syphon,  into  which  all  the  air  separated  from  the  water  rises ;  and  Sie 
application  of  a  forcing  pump  for  a  few  minutes  once  or  twice  a  day  drives  the 
air  out  of  the  box  into  the  atmosphere.  Fig,  1  represents  Mr.  Cowen*8  plan 
applied  to  the  draining  of  a  quany.  a  a  represent  a  part  of  the  quarry ;  h  a 
level  lower  down  than  the  bottom  of  the  quany,  which,  in  this  case,  is  200 
yards  off  where  the  water  is  to  be  dischaised;  c  the  highest  ground  over  which 
the  water  is  to  be  conducted;  dy  e,  and/,  three  distinct  rises,  over  which  the 
pipes  pass  f they  are  further  apart  than  here  shown) \  gghh  the  lead  pipe, 
composing  tne  two  legs  of  the  syphon  ;  t  a  common  forcing  pump,  fixed  below 
the  surface  of  the  water,  having  a  hinee  valve  at  j,  /V^.2,  and  an  open  working 
box,  with  a  similar  valve  k.  These  viuves  are  opened  by  the  force  of  the  water 
flowing  through  the  pump  in  its  passage  to  the  syphon ;  /  the  working  handle 
of  the  pump ;  m  is  a  close  iron  receiver,  shoHH  larger  in  F^-Z^  having  inserted 
at  the  end  n  the  ascending  leg  of  the  syphon  g,  and  at  the  other  end  o  the 
descending  leg  h  ;  at  the  upper  side  of  both  ends  are  inserted  two  small  air 
pipes  p  pt  joining  with  the  syphon  pipe  at  the  highest  bends,  as  shown  at  d^  e, 
and/,  with  a  regular  slope  into  the  interior,  to  aUow  the  air  to  ascend  into  it ; 
^  is  a  small  valve  fixed  at  the  highest  point  of  the  receiver,  to  allow  the  whole 
of  the  air  to  escape  through  the  valve  when  the  water  is  forced  up  by  the 
pump ;  for  this  purpose  the  pump  i  and  the  pipe  o  must  be  capable  of  supplying 
the  water  quicker  tnan  the  pipe  n  will  carry  it  on. 

Dirediont  to  he  observed  m  laying  the  syphon  to  suit  different  siHtations. — 
First,  in  laying  the  pipes  of  the  syphon,  it  is  necessary  to  give  them  a  regular 
slope,  to  admit  the  air  to  pass  forward  into  the  receiver,  or  to  the  highest  bends, 
which  must  have  either  an  air  receirsr  to  each  bend,  or  a  pipe  inserted  to 
convey  the  air  to  a  general  receiver.  Second,  when  sufficient  descent  can  be 
obtained  on  both  sides  from  the  air  receiver,  no  air  pipes  will  be  required. 
Third,  in  situations  where  it  may  be  necessary  to  carr^  the  pipes  over  more 
than  one  elevation,  and  the  second  exceeds  the  height  of  the  first,  a  separate 
receiver  will  be  required  for  each  elevation.  On  this  construction,  viz.  with 
more  than  one  receiver,  it  is  necessary  to  adopt  the  following  expedient  for 
closinff  the  valves  in  succession  as  the  air  is  expelled  from  each  receiver.  /^.4 
is  the  lower  valve  in  the  receiver  s,  which  is  opened  by  the  force  produced  by 
pumping,  and  the  air  escapes ;  <  is  an  invertea  valve,  with  a  float  v  fixed  upon 
the  valve  spindle  in  the  centre  of  the  cup  «.  While  the  air  only  is  expelled, 
the  invertea  valve  will  remain  open ;  but  when  the  water  is  forced  out  and  filb 
the  cup,  the  float  will  rise  and  close  the  valve  at  the  same  time;  thus  the 
water  being  stopped  from  flowing  out,  will  be  forced  forward  to  any  number  of 
receivers  in  succession.  10  is  a  very  small  outlet  pipe,  inserted  into  the  bottom 
of  the  cup  ti,  through  which  the  water  escapes  slowly ;  as  the  cup  is  emptied 
the  float  IS  lowered,  and  the  inverted  valve  again  opened — a  position  necessary 
to  allow  the  air  to  escape  at  the  next  pumping.  Another  method  for  closing 
the  valve  is  shown  at  Pig,  5.  ^  is  a  valve  placed  in  a  cup,  as  shown  in  Ftg.  1 ; 
on  the  cup  is  mounted  a  lever,  with  a  counterweight  x  at  the  one  end,  and  a 
small  pendant  receiver  g  at  the  other  end ;  a  is  a  conductinff  tube  inserted  into 
the  edge  of  this  cup,  to  convey  the  overflowing  water  into  uie  receiver,  which, 
as  it  fills,  loads  the  valve  and  prevents  the  escape  of  the  water,  and  thus  forces 
it  forward,  as  before  described,  to  any  number  of  receivers.  The  preceding 
account  of  this  valuable  improvement  in  the  art  of  draining,  by  means  of  the 
syphon,  is  extracted  finom  tne  original  deiscription  of  it  by  Mr.  Cowen,  in  the 
iVansactions  of  the  Society  cf  Art$^  for  the  communication  of  which  the  Society 
awarded  him  the  gold  Vulcan  medal.  In  the  45th  volume  of  the  TrwMOC&amM 
are  some  interesting  details  of  his  experiments. 

DRAUGHT.  The  depth  of  water  necessary  to  float  a  ship  or  other  vesseL 
For  the  draught  of  carriages,  see  Resistance. 

DRAWBRIDGE.     A  bridge  thrown  over  a  ditch  or  ravine,  which  may  be 
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drawn  up  or  let  down  at  pleasure,  one  of  iti  endi  serTing  as  an  axii  or  j  oint 
for  tliftt  purpoie.  while  the  other  IB  connected  by  meims  of  chains  to  two  strong 
lerera,  called  plyen,  which  are  firamed  together  with  other  timhen  in  the  farm 
of  •  crou,  and  are  supported  by  two  jamba,  on  which  thej  awiug.  Bridges  of 
this  kind  are  most  common  in  fortreisei,  lo  cut  off  commuuication  wiUi  the 
lurrounding  country.  In  canal  navigation,  and  in  wet  docks,  awing  bridges 
that  turn  horizontally  upon  one  end  as  an  axis  have  almost  wholly  uiperseded 
drawbridgea. 

DRIFT,  in  Mining,  a  puaage  dug  under  the  earth,  betwixt  shaft  and  shaft, 
or  turn  and  turn. 

DaiFT,  in  Navigation,  the  angle  which  the  line  of  a  ship's  motion  makes 
with  the  nearett  meridian,  when  she  drives  with  her  side  to  the  winds  and 
waves,  and  is  not  goveitied  by  the  power  of  the  helm.  It  also  implies  the  dia- 
tance  which  the  ahip  drives  on  ihat  line. 

DRILL.  An  instniment  for  boring  holes  in  metals  and  other  hard  sub- 
stances. It  usually  conaiats  of  a  straight  piece  of  steel,  one  end  nf  which  U 
formed  into  an  angular  point,  and'  the  other  into  a  blunted  round  point,  for 
inserting  mto  a  hole  in  a  steel  breast-plate,  which  is  worn  by  the  workman 
whilst  operating  with  the  instrument,  in  order  that  he  may  steadily  press  the 
point  into  the  work,  while  he,  at  the  same  lime,  turns  it  backward*  and  for^ 
wards  by  means  of  a  bow  and  cord,  the  latter  being  passed  around  a  amall 
puUey  fixed  about  the  middle  of  the  drill.  Sometimes  drills  are  fixed  to  braces 
or  stocki  for  the  purpose  of  drilling.  For  boring  large  boles  in  metal,  smiths 
and  engineers  employ  a  very  convenient  arrangement  of  levers  for  applying 
pressure  to  the  drill,  which  is  called  a  pres»4iil^  and  is  delineated  in  the  sub- 
joined cut     a  fr  is  a  lever  of  the  second 

class,  whose  fulcrum  is  at  a ;  the  weight  '  ~' 

being  applied  at  b,  its  efficacy  is  tran»- 
mitted  to  the  point  c,  in  a  ratio  propor- 
tioned to  the  relative  distances  between 
b  c  and  e  a.  As  the  pressure  upon  the  drill 
often  reqiures  relieving,  a  lever  dc  is 
added,  whose  fiilcrum  is  at  /■  The  ex* 
tremity  of  the  shorter  arm  is  connected 
to  the  lever  a  i  by  any  convenient 
method ;  and  when  the  workman  wishes 
to   release   the  brace   g,   he   applies  his 

Kwer  to  the  extremity  of  the  longer  arm 
pulling  down  at  d,  which  raises  the 
shorter  arm,  and  with  it  the  lever  ab, 
conseqaently  the  brace  y  u  at  liberty  to 
be  removed.  In  order  that  the  work 
may  be  firmly  fixed,  it  is  usual  to  screw 
it  fast  between  the  chaps  of  a  vice,  as 
shown  at  0  ^  m  n  in  the  cut. 

The  annexed  cut  represents  an  ex-  ^  ^ 

tremely  simple  and  ingenious  contrivance  for  drilling  hole*,  used  by  the  smitha 
in  Ceylon.  It  i*  about  two  feet  and  a  half  high ;  the  cord  attached  to  the 
ctoas  Sticks  is  made  of  slips 
of  hide  twiated.  Theround 
weight  to  give  momentum  is 
of  compact  neiis,  neatly  cut. 
Any  kind  of  borer  can  be 
fixed  to  the  extremity  of  the 
wooden  rod.  The  instru- 
ment i*  worked  on  the  prin- 
ciple of  tonion.  The  bote 
in  the  cr«ss  arm*  or  handle, 
through  which  the  spindle 
of  the  drill  passes,  is  suffi- 
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ciently  large  to  admit  of  it  being  slided  easily  up  and  down  the  spindle.  Upon 
turning  the  cross  a  few  times  round  the  spindle,  the  cords  become  twisted  in  a 
corresponding  degree  round  its  upper  part,  and  upon  pulling  the  cross  down* 
wards,  the  cords  in  untwisting  impart  a  rotatory  motion  to  the  spindle,  which, 
by  the  impetus  which  the  weight  upon  it  acquires,  is  continued  uter  the  cords 
have  become  straight ;  and  the  cross  beine  then  slided  up  the  spindle,  the  cords 
become  twisted  round  it  in  a  contrary  direction ;  and  by  again  depressing  the 
cross,  the  spindle  revolves  the  reverse  way. 

Drill,  in  Gardening  and  Agriculture,  a  small  trench  made  in  the  ground, 
for  sowing  in  it  the  seeds  of  vegetables. 

DRILL  HARROW.  A  small  harrow  employed  in  drill  husbandry,  for 
extiipating  weeds,  and  pulverizing  the  earth  between  the  rows  of  plants. 

DRILL  HUSBANDRY.  A  mode  of  cultivation  in  which  the  sowing  of 
seeds  in  drills  is  adopted,  instead  of  the  more  common  method  of  broad  casting. 
It  is  also  called  horse-hoeing  husbandry,  because  the  plants  thus  cultivated  in 
rows  admit  beins  cleansed  from  weeds  and  earthed  up  oy  a  machine  drawn  by 
one  horse,  and  therefore  called  a  horse-hoe.  A  great  variety  of  machines  are 
employed  in  this  branch  of  agriculture.     See  Plouoh. 

DRUG.  A  general  name  of  commodities  brought  from  abroad  for  the  pur- 
poses of  medicine,  dyeing,  tanning,  and  various  outer  arts. 

DRUG  MILLS  are  machines  used  for  triturating  drugs;  but  as  they  are  for 
the  most  part  applicable  to  the  grinding  of  other  substances,  they  are  described 
under  the  general  head  of  Mills. 

DRUM.  A  martial  musical  instrument  in  the  form  of  a  cylinder,  hollow 
within,  and  covered  at  the  two  ends  with  vellum,  which  is  stretched  or  slack- 
ened at  pleasure,  by  means  of  cords  with  sliding  knots.  The  cylinders  are 
usually  made  of  wood,  but  sometimes  of  brass.  Kettle-drums  are  large  basons 
or  hemispheres  of  copper  or  brass,  covered  on  their  flat  sides  with  veUum, 
which  is  fastened  to  tne  peripheries  by  circular  rims  of  metal,  provided  with 
tightening  screws  for  tuning  them  ;  they  are  usually  played  upon  in 
pairs,  and  are  chiefly  used  in  the  musical  bands  of  cavalry  regiments,  or  in 
oratorios,  operas,  &c. 

Drum  is  a  term  in  machinery,  applied  to  cylinders  or  barrels,  around  which 
endless  straps,  chains  or  cords,  are  passed,  to  communicate  motion  or  power  to 
other  mechanism.  When  cylinders  so  employed  are  narrow  in  the  direction  of 
their  axes,  they  are  usually  denominated  puUeyt  or  riggers, 

DRY  ROT.  A  term  applied  to  that  rapid  decay  of  timber  by  which  its 
substance  is  converted  into  a  dry  powder,  which  issues  from  minute  tubular 
cavities  resembling  the  borings  of  worms.  On  the  causes  of  this  decay  numerous 
volumes  have  been  written,  and  nostrums  for  its  prevention  or  "  cure"  have 
been  proposed  without  number,  yet  the  dry  rot  continues  to  ravage  our  houses, 
and  to  destroy  our  ships.  It  has  been  said  that  moist  and  warm  situations, 
where  the  circulation  of  the  air  is  impeded,  is  the  generating  cause  of  this 
disease,  and  that  the  efiluvia  from  timber  so  diseased  will  carry  its  efiects  to 
the  circumjacent  timber ;  and  that  any  sort  of  wood,  dry  as  well  as  damp,  so 
exposed,  will  be  soon  destroyed.  Timber  once  infected  cannot  be  restored, 
and  the  only  remedy  lies  in  cutting  away  the  diseased  parts,  to  prevent  the 
extension  of  the  evil  to  the  remainder ;  and  to  effect  even  the  latter  a  free 
curculation  of  air  must  be  admitted,  and  the  parts  be  washed  over  with  a  strong 
solution  of  iron,  copper,  or  zinc.  Patents  have  been  granted  for  various 
applications  of  the  latter,  as  preventives  of  the  dry  rot,  the  distinguishing 
features  of  the  processes  therein  employed  consisting  in  first  preparing  the 
timber  by  a  good  steaming,  or  drying  out  of  the  sap,  and  afterwards  injecting, 
soaking,  or  boiling  the  timber  in  a  solution  of  copperas,  or  other  metallic  salt* 
The  following  observations  on  this  important  subject  were  some  time  since 
addressed  to  the  editor  by  Mr.  John  Gregory,  who  is'  an  experienced  and 
observant  shipwright ;  and  as  they  appear  to  mark  out  clearly  the  true  cause 
of,  and  to  suggest  a  very  simple  remedy  for,  the  evil,  it  is  right  to  give  them  a 
place  in  this  work.  Mr.  Gregory  says,  "  Instead  of  squaring  a  piece  of  timber 
according  to  the  usual  method,  by  leaving  the  heart  of  the  tree  m  the  centre. 
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my  plan  ii  to  saw  it  right  down  the  middle,  through  the  heart,  into  two  equal 
parts,  immediately  afler  the  tree  is  felled ;  and  my  reasons  for  this  I  will  now 
endeavour  to  explain  to  the  hest  of  my  ability.  It  is,  I  believe,  a  well-known 
fact,  that  a  tree  does  not,  literally  speakingi  die  on  receivingjthe  final  stroke  of 
the  axe,  but  that  it  continues  for  a  long  period  afterwards  to  vegetate,  though 
less  vigorously.  At  length,  however,  tne  sap  ceases  to  circuCate,  the  pores 
become  closed,  and  the  juices  of  the  tree  thus  shut  up  undergo  decomposition, 
and  lay  the  foundation  of  dry  rot  It  is  well  known  that  a  man  who  dies  in  a 
full  habit  of  body  soon  decays ;  the  same  effect  takes  place  in  a  tree  full  of  sap, 
unless  we  adopt  the  same  method  with  respect  to  it  as  the  Egyptians  practised 
with  the  human  body,  viz.  that  of  depriving  it  of  all  moisture,  which  process 
would  give  to  our  timber  a  durability  almost  everlasting.  My  mind  has  been 
long  impressed  with  this  idea,  which  has  been  confirmed  by  my  having  recently 
noticed  that  several  of  the  timbers  in  a  very  ancient  public  building,  which  had 
been  sawn  originally  in  the  manner  I  have  proposed,  were  perfectlv  sound, 
although  they  had  withstood  the  dilapidating  hana  of  time  for  seven  nundred 
years ;  while  other  timbers  in  the  same  buuding,  which  had  not  been  so  cut, 
but  apparentiy  squared  out  with  the  heart  in  the  centre,  \tetQ  perfectly  ratten. 
That  the  dry  rot  is  certainly  caused  by  the  juices  being  enclosed  in  the  heart  of 
the  timber,  I  have  had  frequent  opportunities  of  observing  during  my  lone 
practical  experience  in  the  repairing  of  ships.  In  the  frame  of  a  ship  in  whicn 
such  large  quantities  of  timber  are  employed,  I  have  uniformly  noticed.  First, 
that  the  decay  commences  in  the  run  fore  and  aft,  which  is  owing  to  the  timbers 
being  fitted  so  close  together  at  the  heels  or  lower  ends.  The  evil  being  thus 
enclosed  in  the  hearts  of  the  timbers,  and  the  air  having  no  access  to  the 
exterior  of  them  to  cany  off  the  moisture  by  evaporation,  internal  decay  is  the 
necessary  consequence.  I  have  sometimes  witnessed  these  parts  of  the  frame 
of  a  ship  in  such  a  rotten  state  as  to  have  been  justiy  compared  by  the  workmen 
to  a  heap  of  manure.  Secondly,  those  timbers  in  the  midships  that  have  been 
bored  off  with  the  outside  planks  are  not  so  affected,  which  X  attribute  to  the 
circumstance  of  the  holes  admittinga  current  of  air  through  them,  the  destructive 
juices  being  therebv  carried  off.  Thirdly,  it  frequently  happens  that  the  floor 
timbers  of  an  old  ship  are  found,  on  breaking  up,  to  be  nearly  as  sound  as  they 
were  when  first  put  m.  Their  preservation  seems  to  be  owing  to  the  effect  of 
the  salt  water  which  constantiy  laves  over  them,  causing  them  to  become  in  a 
manner  pickled ;  or  it  may  be,  that  the  salt  entering  into  the  composition  of  the 
wood,  the  destructive  effects  of  its  natural  juices  are  thereby  prevented.  Fourthly, 
the  planks  in  the  bottom,  nearest  to  the  timbers,  take  the  infection  first ;  and 
where  the  tree-nails  are  not  close,  the  disease  rapidly  extends  endways  of  the 
grain.  Fifthly,  those  parts  of  the  deck  planks  that  lie  upon  the  beams  are 
those  which  are  first  infected  with  the  rot,  the  cause  of  which  is  evident,  as 
those  parts  that  are  between  the  beams  are  generally  quite  sound.  Sixthly,  in 
the  beams  of  ships  the  decay  usually  commences  in  the  internal  parts,  which  is 
decidedly  owing,  in  my  opinion,  to  the  erroneous  method  of  preparing  the 
timber,  as  before  mentioned;  but  when  timber,  so  prepared,  is  used,  I  woiild 
recommend,  as  the  best  preventive  of  the  rot,  that  a  few  holes  be  bored  through 
the  beam  fore  and  aft,  and,  what  would  still  add  to  the  benefit,  to  bore  another 
hole  lengthways  of  the  grain,  to  meet  those  which  are  bored  crossways.  But 
the  best  preventive,  I  am  confident,  would  be  the  adoption  of  my  mode  of 
preparing  the  timber,  namely,  to  saw  it  lengthways  right  through  the  heart,  by 
which  not  only  much  greater  durability  would  be  obtained, 
but  great  economy  in  the  consumption  of  the  timber,  as  well 
as  a  great  increase  of  strength,  which  I  will  proceed  to  ex- 
plain by  reference  to  the  annexed  figure,  which  exhibits  an 
end  view  or  section  of  a  piece  of  timber.  Having  procured 
a  log  of  the  shape  required,  first  cut  off  the  two  slabs  h  6, 
and  then  divide  the  remainder  a  a  into  two  equal  parts. 
Being  thus  sawn  through  the  heart,  the  air  will  lapidly 
absorb  the  juices,  and  such  a  seasoning  may  be  soon  effected 
as  will,  I  have  no  doubt,  completely  prevent  the  dry  rot.    But  my  object  in 
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this  place  is  to  show  the  economy  of  the  plan  in  a  mechanical  point  of  view.  By 
thus  sawing  a  log  through  the  middle,  two  timbers  are  immediately  provided 
instead  of  one,  and  both  of  one  precise  mould.  Thus  when  tlie  pieces  a  a  in 
the  above  figure  are  placed  end  to  end,  they  will  form  two  timbers  exactly 
similar,  as  appears  by  the  annexed  figure.  The  expedition  gained  by  this 
method  of  converting  timber  is 
obvious;  every  ship-builder  is 
fully  sensible  of  the  difiiculty 
he  is  often  put  to,  and  of  the 
sad  waste  of  time  and  labour 
often  incurred  in  preparing  two 
such  timbers  to  match  one  another.  It  not  unfrequently  happens  that  the 
framing  of  a  ship  stands  still  for  several  days  owing  to  this  circumstance.  The 
saving  of  time  and  labour  is  in  consequence  an  important  saving  in  the  expense 
of  building.  I  have  also  proved  by  experiment  tnat  this  mode  of  sawing  the 
timber  down  the  middle  confers  spreat  additional  strength.  From  the  same 
bough  I  cut  two  pieces  of  the  same  length  and  thickness ;  one  of  them  I  squared 
according  to  the  usual  plan,  which  I  condemn,  the  other,  according  to  my  pre- 
posed  method,  leaving  the  circular  sides,  as  shown  at  a  a  in  the  foregoing 
figures.  The  proportional  strength  of  only  one  of  the  pieces  I  found  to  be  as 
25  compared  to  27,  the  strength  of  the  whole  square  tunber ;  the  strength  of 
the  two  pieces,  therefore,  miuies  the  difference  of  50  to  27,  or  nearly  double ; 
in  addition  to  which  advantage,  far  greater  durability  will  be  obtained  by  the 

Srevention  of  the  dry  rot  For  the  timbers  of  a  74-gun  ship,  logs  of  22  inches 
iameter  are  usually  employed ;  if  these,  instead  of  being  squared,  are  divided 
according  to  mv  method,  their  strength  and  width  of  bearings  for  the  planks 
will  be  rally  aaequate,  and  the  little  difference  of  strength  may  be  easily  com- 
pensated by  two  or  three  more  timbers,  for  which  there  will  be  plenty  of  room, 
and  the  saving  of  expense  will  thereby  be  immense.  By  the  most  accurate 
calculations  that  I  have  been  enabled  to  make,  I  find  the  saving  in  timber  only 
to  be  full  one-third.  The  annexed  sketch  represents  a  horizontal  section  of 
a  small  portion  of  a  ship's  side,  with 
the  arrangement  of  the  timbers  accor- 
ding to  mv  plan,  a  a  a,  three  of  the 
ship's  timoers  ;  hhhh,  the  fittings 
made  from  the  slabs  before  mentioned, 
which  are  uniformly  of  a  suitable 
shape ;  c  c  are  air  pass^es,  which 
serve  effectually  to  carry  off  whatever 
moisture  may  remain  in  the  timber, 
the  hearts  of  the  trees  being  exposed  to  the  air.  It  will  likewbe  be  perceived 
that  the  circular  form  of  the  grain  being  retained,  the  strength  of  the  timber 
is  better  preserved  than  if  the  logs  were  squared,  as  I  have  proved  by  the 
before-mentioned  experiment  From  long  observation  and  repeated  investigation 
I  am  indeed  convinced  that  the  outside,  or  younger  part  of  a  tree;  is  stronger, 
more  durable,  and  more  seaworthy,  than  the  heart,  notwithstanding  I  have 
daily  witnessed  the  preference  given  to  the  latter,  while  the  former  has  been 
used  for  fuel.  In  the  repairing  and  breaking  up  of  ships,  it  will  be  almost 
invariably  found  that  the  decayed  planks  have  the  heart  of  the  tree,  and  the 
sound  ones,  not ;  it  follows,  therefore,  that  the  present  system  of  lining  is  very 
defective.  To  lessen  the  charge  of  carriage,  it  is  not  unusual  to  side  the  loss 
where  the  trees  are  felled.  Now,  if  the  trees  were  also  sawn  down  the  middle 
in  the  forest,  an  increased  facility  of  removal  would  be  acquired,  and  the 
timber  would  be  seasoning,  and  probably  be  fit  for  use,  ere  it  came  into  the 
dock-yard.  The  longer  a  tree  remains  whole  after  it  is  felled,  the  more  sap  it 
will  contain,  and  the  more  rapid  will  be  its  decay.  I  have  seen  many  trees 
that  were  sound  when  felled,  decay  from  the  heart  outwards,  owing  to  their 
lying  a  long  time  with  their  juices  shut  up  in  them.  The  dividing  of  the  trees 
would  have  preserved  them. 

DUCTILITY.    Tliat  property  or  texture  of  bodies  which  renders  it  prac- 
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ticable  Uf  draw  them  out  in  len^fay  whfle  their  thickness  is  diminished, 
without  any  actual  fracture  of  their  parts. 

DULCIrlCATION,  or  Dulcbration,  in  Chemistry,  the  combination  of 
mineral  acids  with  alcohol,  by  which  their  caustic  or  corrosive  oualities  are 
diminished :  thus  we  have  dulcified  spirit  of  nitre,  duldfied  spirit  of 
vitriol,  &'c. 

DULCIMER.  A  musical  instrument,  strung  with  about  iafty  wires,  cast  over 
a  bridge  at  each  end.  It  is  performed  upon  by  striking  the  wires  with  little 
iron  rods. 

DUODECIMALS,  or  Cross  Multiplication,  is  a  rule  used  by  workmen 
and  artificers  in  computing  their  work.  Dimensions  are  usually  taken  in  feet, 
inches,  and  parts,  omitting  all  those  which  are  less  than  one  quarter  of  an  inch 
as  of  no  consequence.  Rule : — Set  down  the  two  dimensions  to  be  multiplied 
together  one  under  the  other,  in  such  manner,  that  feet  shall  stand  under  feet, 
inches  under  inches,  and  parts  under  parts ;  then  multiply  each  term  in  the 
multiplicand,  beginning  with  the  lowest,  oy  the  feet  in  the  multiplier,  and  set  the 
result  of  each  directly  under  its  respective  term,  observing  to  carry  one  for 
every  12  from  the  parts  to  the  inches,  and  from  the  inches  to  the  feet  In  like 
manner  multiply  all  the  multiplicand  by  the  inches  and  parts  of  the  multiplier, 
and  set  the  result  of  each  in  one  place,  removed  to  the  right  hand  i>f  those  in 
the  multiplicand,  and  the  sum  of  these  successive  products  will  be  the  answer. 

Example.    Multiply  6  feet  4  inches  3  parts  by  10  feet  3  inches  9  parts. 

ft.    io.  pti. 
6    4    3 
10    3     9 


63 

6 

6 

1 

7 

0 

9 

4 

9 

2    3 

Answer  . 

.  65 

6 

3 

It  should  be  observed,  that  (he  feet  in  the  answer  are  square  feet,  but  the 
numbers  standing  in  the  place  of  inches  are  not  square  inches,  as  miffht  at  first 
be  supposed,  but  twelfth  parts  of  square  feet,  each  part  being  equal  to  twelve 
square  inches.  In  like  manner  the  number  standing  in  the  place  of  parts,  or 
in  the  third  place  of  figures,  are  so  many  parts  of  th6  preceding  denommation ; 
these,  therefore,  are  square  inches. 

DYING.  The  art  of  tinging  or  imbuing  various  substances  with  different 
colours  at  pleasure.  The  principNal  application  of  this  art  is  to  fabrics  of  wool, 
silk,  and  cotton ;  but  it  is  also  applied  to  the  colouring  of  leather,  marble, 
ivory,  and  various  other  substances.  We  shall  limit  our  description  to  the  process 
of  dying  the  first-mentioned  substances.  The  simple  colours  employed  in 
dyine  are  mostly  either  of  animal  or  vegetable  origin;  but  although  the 
number  of  possible  dyes  which  might  be  obtained  from  these  sources  is  almost 
infinite,  the  number  employed  in  the  regular  manufactories  of  Europe  is  small, 
the  infinite  diversity  of  tint  which  is  obtained  being  the  result  of  the  combi- 
nation of  two  or  more  simple  colouring  substances  with  one  another,  or  with 
certain  chemical  reagents.  Of  the  great  variety  of  known  dyes,  some  (though 
comparatively  few)  may  be  applied  to  animal  or  vegetable  stufis  without  any 
other  preparation  than  that  of  cleansing  the  stuff,  and  then  immersing  them  in 
a  decoction  or  infusion  of  the  dye,  which  then  becomes  so  permanently  com- 
bined with  the  fibre  as  to  resist  the  efilMst  of  washing  and  the  bleaching  po^cr 
of  the  sun  and  air.  But  the  greater  number  of  dves  have  such  feeble  affinity 
for  fibre  that  no  permanent  combination  can  be  efliected  between  them  in  tlieu: 
simple  state ;  to  effect  the  combination,  recourse  is  had  to  various  substances 
havinff  a  strong  affinity  both  for  the  fibre  and  the  colouring  matter ;  and  the 
cloth  being  previously  steeped  in  a  solution  of  some  of  these  substances,  and 
afterwards  immersed  in  Uie  dye,  an  intimate  union  of  the  cloth  and  the  colour- 
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ing  mattter  is  effected.  The  substances  which  serve  to  £x  the  colouring 
matter  in  the  cloth  are  termed  mordants ;  and  in  the  management  and  selection 
of  them  is  the  chief  art  of  the  dyer,  as  their  effects  are  not  limited  to  the  fixing 
of  the  colour,  but  they,  in  most  cases,  produce  some  alteration  in  the  uatunu 
hue, — a  circumstance  which  the  dyer  avails  himself  of  in  numerous  cases,  to 
vary  and  improve  the  colour  obtained  from  simple  dye  stuffs :  thus  aluminous 
mordant  changes  the  dull  red  of  madder  to  a  bnght  crimson ;  and  the  solutions 
of  tin  not  onw  fix  cochineal  in  wool,  but  change  it  frt>m  crimson  to  bright 
scarlet ;  but  if  the  oxide  of  iron  be  substituted  for  the  tin  as  a  mordant,  the 
colour  becomes  changed  to  a  black.  In  dying,  then,  it  is  necessary  not  only 
to  procure  a  mordant  for  the  colouring  matter  and  the  cloth,  and  a  colouring 
matter  which  passes  the  desired  colour  in  perfection,  but  to  procure  a  mordant 
and  colouring  matter,  which,  when  combined,  shall  produce  the  colour  sought 
It  is  also  evident  that  a  great  variety  of  colours  may  be  produced  from  a  single 
dye  stuff)  provided  the  mordants  can  be  sufficiently  varied.  Mordants  are 
generally  composed  of  earths  or  metallic  oxides,  tannin,  and  oil.  Of  earthy 
mordants,  the  most  important  and  generally  used  is  alumine,  either  in  the  state 
of  common  alum,  in  which  it  is  combined  with  sulphuric  acid,  or  in  that  of 
acetate  of  alumina,  which  answers  much  better  than  alum,  as  the  cloth  is  more 
easily  saturated  with  alumine,  and  takes,  in  consequence,  a  richer  and  more 
permanent  colour.  Almost  all  the  metallic  oxides  have  an  affinity  for  cloth, 
out  only  two  of  them  are  extensively  used  as  mordants,  \'iz.  the  oxides  of  tin 
and  of  iron.  The  oxide  of  tin  was  first  introduced  in  dying  by  Kuster,  a 
German  chemist,  who  brought  the  secret  to  London  in  1543.  It  is  generally 
employed  in  the  state  of  nitro-muriate,  muriate,  or  acetate  of  tin.  Iron  is 
generally  employed  in  the  state  of  the  sulphate  or  the  acetate ;  the  first  being 
chiefly  used  for  wool,  and  the  latter  for  cotton.  Tannin  has  a  very  strone 
affinity  for  cloth,  and  for  several  colouring  matters.  It  is  principally  obtained 
from  nut  galls,  or  sumach,  which  contain  it  in  great  quantities.  Tannin  is  also 
often  employed  along  with  other  mordants  to  produce  a  compound  mordant. 
Oil  is  also  used  for  the  same  purpose  in  dying  cotton  and  linen.  We  now  pro- 
ceed to  a  consideration  of  the  dyes,  and  commence  by  observing  that  innumei^ 
able  as  are  the  different  colours  and  shades  of  colours  communicated,  they  all 
originate  from  four  or  five  primal^  dyes,  modified  according  to  the  colour 
intended  to  be  produced.  These  primary  or  simple  dyes  are  as  follow : — ^blue, 
yellow,  red,  black,  and  fawn,  or  brown  colour. 

Of  Blue, — ^The  only  two  substances  used  for  dying  blue  are  woad  and  indigo. 
Indigo  has  a  very  strong  affinity  for  wool,  silk,  cotton,  and  linen,  all  of  which  may 
therefore  be  dyed  with  it  without  the  assistance  of  any  mordant.  But  indigo 
is  soluble  only  in  sulphuric  acid ;  it  is  therefore  necessary  either  to  employ  ue 
sulphate  of  indigo,  or  to  render  it  soluble  in  water,  by  depriving  it  of  its 
oxygen.  The  first  process  is  frequently  employed  for  dying  wool  or  silk ;  but  for 
linen  or  cotton,  the  latter  is  generally  resorted  ta  When  the  sulphate  is  em- 
ployed, one  part  of  indigo  is  to  be  dissolved  in  four  parts  of  concentrated  sul- 
phuric acid,  and  one  part  of  dry  carbonate  of  potasn  added  to  Uie  solution, 
which  is  then  to  be  diluted  with  eight  times  its  weight  of  water.  The  doth 
must  be  boiled  for  an  hour  in  a  solution  jof  five  parts  of  alum  and  three  of 
tartar,  after  which  it  must  be  removed  to  a  bath  containing  a  greater  or  smaller 
proportion  of  the  sulphate  of  indigo,  according  to  the  shade  which  the  cloth  is  to 
receive ;  and  in  this  bath  it  must  be  boiled  until  it  acquire  the  desired  colour.  The 
alum  and  tartar  are  not  intended  to  act  as  mordants,  but  to  facilitate  the  decom- 
position of  the  sulphate  of  indigo.  The  alkali  added  to  the  sulphate  answers 
the  same  purpose.  But  the  most  common  method  of  employing  indigo  is  to 
deprive  it  of  the  oxygen  to  which  it  owes  its  blue  colour,  and  mus  reduce  it 
to  the  state  of  green  pollen,  and  then  to  dissolve  it  in  water  by  means  of 
alkalies  or  alkaline  earths,  which  act  very  readily  upon  it  in  that  state.  It  is 
deprived  of  oxyjg^en  either  by  admixture  with  other  substances  possessing  a 
greater  affinity  ror  oxygen,  as  the  green  oxide  of  iron,  or  various  metmlic 
sulphurets;  or  it  may  be  mixed  in  water  with  certain  vegetable  substances 
which  readily  undergo  fermentation :  the  ferments  most  commonly  employed 
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are  woad  and  bran.  During  this  fermentation,  the  indigo  is  deprived  of 
its  oxygen,  and  is  then  dissolved  by  means  of  /quicklime  or  ukali  added  to  the 
solution.  The  first  of  these  methods  is  usually  followed  in  dying  cotton  or 
linen ;  the  second,  in  dying  wool  and  silk. 

Of  Yellow, — ^This  colour  is  most  commonly  obtained  from  weld,  fustic,  or 
quercitron  bark.  The  cloth  requires  to  he  prepared  before  dying,  by  com- 
bining it  with  some  mordant ;  that  most  commonly  employed  for  this  purpose 
is  alumina. 

Qf  Red, — The  materials  employed  for  this  colour  are  lac  or  kermes,  cochi- 
neal, archil,  madder,  ^carthamus,  and  Brazil  wood ;  and  the  ordinary  mordants 
are  alumina,  and  the  oxides  of  tin ;  various  shades  are  produced  by  intermix- 
ture of  the  dying  materials  above  named,  or  by  first  dying  the  stuff  with  one 
or  more  of  them,  and  subsequently  passing  it  through  a  yellow  bath. 

Cf  Black. — The  substances  employed  to  give  a  black  colour  are  red  oxide  of 
iron  and  tannin.  These  two  substances  [have  a  strong  affinity  to  each  other, 
and,  when  combined,  assume  a  deep  black  colour,  not  liable  to  be  decomposed 
by  light  Logwood  is  usuallv  employed  as  an  auxiliary,  because  it  commu- 
nicates lustre,  and  adds  considerably  to  the  fulness  of  the  black.  Cloth,  before 
it  receives  a  black  colour,  is  usually  dyed  blue,  which  renders  the  colour  much 
fuller  than  it  would  otherwise  be ;  for  inferior  cloth,  a  brown  colour  is  some- 
times given  by  means  of  walnut  peel. 

€f  Brouffif  or  Fawn  Colour,— -Vsoiomb  plentiful  and  cheap  substances  are 
employed  to  give  a  brown  or  fawn  coloured  ground,  as  birch,  sumach,  alder 
barx,  but  more  especially  decoction  of  walnut  peels,  or  walnut  hark  or  root 
The  shades  produced  by  the  bark  or  rind  of  the  walnut  tree  are  narticularly 
fine,  the  colours  solid,  and  it  renders  the  wool,  when  dyed  in  it,  nexible  and 
sof^.  From  the  above  colours  variously  combined  are  derived  the  endless 
gradations  of  tint  imparted  to  the  various  &bric8  of  silk,  wool,  cotton,  and 
nnen.     Of  these  compound  colours  we  shall  notice  a  few  of  the  principal. 

Cf  Green.'-^This  is  a  mixture  of  blue  and  yellow,  the  shade  varying  accord- 
ing to  the  prevalence  of  either  ingredient  The  cloth  is  generally  first  dyed 
blue,  and  then  immersed  in  a  yellow  bath ;  but  when  sulphate  of  indigo  is 
employed,  it  is  usual  to  mix  the  ingredients  together,  and  dye  the  cloth  at  once. 

Of  flolet.  Purple,  and  Lilac. — These  are  ful  mixtures  of  blue  and  red,  and 
depend  upon  the  different  shade  produced  by  the  proportion  of  one  colour  to 
the  other.  Wool,  cotton,  and  linen,  are  first  dyed  olue ;  the  two  last  are  then 
galled,  and  soaked  in  a  decoction  of  logwood,  or  of  green  sulphate  of  iron ; 
they  are  then  dyed  scarlet  in  the  usual  manner  :  by  means,  however,  of 
cochineal,  mixed  with  sulphate  of  indigo,  the  process  may  he  performed  at 
once.  Silk  is  first  dyed  crimson  with  cochmeal,  ana  then  dim>ed  in  the  indigo  vat 

Cf  Orange. — This  is  a  mixture  of  yellow  and  red.  A  remarkable  differ- 
ence exists  in  the  affinity  of  various  substances  for  colouring  matter,  animal 
substances  generally  taking  the  dye  much  more  readily  than  those  of  vegetable 
composition — ^thus  wool  and  silk  are  more  easily  dyed  than  cotton  and  linen ; 
the  latter  article,  indeed,  has  so  slight  an  affinity  for  the  dye  that  it  is  extremely 
difficult  to  impart  to  it  a  bright  and  permanent  colour.  The  processes  and 
manipulations  m  dying  are  few  and  simple,  and  require  principally  a  good  eye 
to  judge  accurately  of  the  gradations  of  the  tints,  and  care  and  attention  in  pre- 
paring the  ingredients,  and  in  maintaining  the  baths  at  a  proper  temperature. 

Mr.  J.  Hall,  of  Ordsall,  near  Manchester,  has  recentiy  obtained  a  patent  for 
an  apparatus,  shown  in  the  engraving  on  the  following  page,  the  object  of 
which  is  to  cause  the  goods  to  be  exposed  to  the  action  of  the  liquor  in 
the  dye  vat  in  a  more  equal  manner  than  is  done  in  the  ordinary  method.  In 
the  dye  vat  a  are  placed  six  small  rollers,  1  to  6,  one  at  each  comer,  and  two 
near  the  middle,  on  the  same  line  with  1  and  4.  At  about  half  the  depth  of 
the  vat  are  placed  two  large  rollers  b  and  e,  about  one  foot  asunder ;  one  end 
of  each  of  the  axes  of  these  rollers  comes  through  a  stuffinff-box,  and  on  the 
axis  of  b  is  placed  a  cog-wheel,  which  is  connected  with  tiie  axis  by  a  pin 
passing  through  it  that  can  be  withdrawn  at  pleasure ;  on  the  axis  of  c  is  a 
similar  wheel  gearing  into  b,  and  may  be  thrown  out  of  gear  when  required  by 
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the  lerer  d.  Od  the  lop  of  the  Tot  is  the  roller  e,  whote  uU  tomi  b  beiriiwt 
fixedineftchiideof  thevati;  and  upoD  thii  roller  another  roller/ reiU,  which 
cu  only  move  in  a  vertical  directioo,  it«  azii  being  nuare,  and  confined  by 
gnidei  g.  At  one  end  of  the  vat  ia  a  roller  *,  nipporied  in  two  upright  forki 
and  havuiK  a  ■mall  wheel  on  iti  axil ;  another  wheel  i  on  a  ihort  azii  ia  placed 
between  the  lut  mentioned  wheel  and  the  wheel  and  the  axii  of  c,  and  gean 
into  each.  The  roller  k  may  be  lifted  out  of  the  fbrk«  by  the  lever  I.  To  the 
roller  c  ii  faetened  a  piece  of  cloth  of  the  width  of  the  goods  to  he  dyed ;  thii 
cloth  paue*  over  the  rollers  6  and  1,  under  2  and  3,  and  over  4 ;  a  limilar 


inece  of  cloth  u  wound  round  the  roller  b,  the  end  of  which  U  brought  up  and 
hung  orer  the  roller  5.  The  cloth  or  weh  to  be  dyed  is  attached  by  a  long 
•kewer  to  the  cloth  of  .c,  hanging  over  the  roller  4  ;  the  wheel  b  being  now 
unpinned,  and  aet  in  motion  by  a  hand  wheel,  or  other  raeana,  the  web  ii 
wound  upon  c,  pauing  under  the  roller,  at  before  deacrihed,  until  the  outer  end 
ardvei  at  the  roller  4,  when  it  ia  attached  to  the  doth  of  6  hv  a  (kewer,  and 
the  wheel  turned  untJ  the  cloth  on  b  i»  unwound.  The  wheel  on  c  ii  next 
thrown  out  of  gear,  and  that  on  the  axii  of  £  ii  pinned  to  its  ttxit,  when  th* 
wheel  being  again  aet  in  motion,  the  cloth  i«  unwound  from  c  and  wound 
upon  b ,'  and  it  is  thus  wound  alternately  upon  each  of  the  roUen  b  and  e,  until 
it  ia  deemed  iufflciently  dyed.  It  must  then  be  wound  upon  the  rollar  b,  and 
the  cloth,  being  detached  from  the  web  e,  i*  paaaed  between  the  roUera  (  and 
/,  and  made  fait  to  the  ro11»'  k.  The  wheel  on  b  is  then  unpinned,  and  being 
aet  in  motion,  tuini  A  by  means  of  the  wheel  on  c,  and  the  unajl  wheel  k ;  the 
piece  is  thus  wound  upon  the  roller  A,  and  deprived  of  a  great  portion  of  moii- 
ture  by  the  pressure  of  the  rollen  «/.  When  the  end  appears  above  the  roller 
S,  the  skewer  attaching  it  to  the  cloth  of  A  i«  withdrawn,  and  the  roller  A  ia 
lifted  out  of  the  forks  by  the  lever  I,  and  replaced  by  a  aimilor  one. 

DYNAMICS  treat*  of  the  nature  and  laws  of  motion.  In  this  aente  it  ia 
used  in  opposition  to  Stitici.  A  tingle  force,  always  producing  motion,  must 
be  considered  under  the  head  of  Dynamic*  j  but  two  or  more  fiireea,  «GC<»4ingl]r 
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ai  thtj  remit  in  producing  niotion  or  not,  con*titute  c«k*  In  Statics  or 
Dthahics.  ThMe  two  terma  are  frequently  lued  to  designate  the  two  great 
diviiioDs  of  mecbonicB — Statics,  iDcIudiiig  iS  cases  where  equilibrium  is  pro- 
duced, and  Dynamics,  those  in  nbich  motion  results.  The  term  dynamics  is, 
however,  not  confined  exclusively  to  the  motions  of  solid  bodies.  When  i 
to  describe  the  laws  of  motion  in  Suids,  it  is  termed  hydrodynamic  , 
dynamics  when  used  to  comprehend  the  phenomena  of  ^ectricity  in  i 
See  FoBcBi,  Motion,  Sec. 
DYNAMOMETER.    An  instrument  employed  to  measure  the  comparative 
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ateeitain  the  force  required  in  drawing 
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carriages  upon  land,  and  Teasels  upon  canals.  These  efiects  are  usually  esti- 
mated by  the  compression  or  distension  of  a  strong  spring,  or  by  a  steelyard 
upon  the  principle  of  a  bent  lever  balance ;  but  in  both  these  construQ^ons  the 
instrument  is  subject  to  great  vibration,  owing  to  inequalities  in  the  resistance 
and  in  the  moving  force,  which  render  the  indications  very  uncertain.  This 
objection  to  spring  dynamometers  has  been  obviated  by  Mr.  H.  R.  Palmer,  as 
follows : — a  piston,  fittine;  loosely  in  a  cylinder  filled  wim  oil,  so  as  to  allow  the 
oil  to  escape  slowly  past  its  sides  as  it  moves  up  and  down,  is  connected  with 
the  springs  by  means  of  a  fine  steel  wire  passing  through  stuffing  boxes  at  each 
end  of  the  cylinder ;  the  friction,  therefore,  is  so  extremely  slight  as  not  to  be 
worth  taking  into  account  in  any  experiments,  whilst  it  prevents  that  vibratoty 
motion  of  tne  index,  firora  jerks,  and  allows  the  resistance  to  be  ascertained 
with  the  greatest  accuracy.  The  preceding  ensraving  is  a  representation  of  the 
instrument  a  a  represents  the  back  of  the  oUal  plate  of  any  ordinary  spring 
weighing  machine,  the  front  of  which  is  shown  separate  in  Fig,  2  (but  without 
the  graduated  scale,  as  being  unnecessary) ;  bb  are  two  spiral  springs  enclosed 
in  cylindrical  cases,  (similar  to  the  well-known  domestic  article  caUed  pocket 
steelyards,)  the  upper  ends  of  which  are  fixed  to  a  sliding  frame  c  c,  and  at 
their  lower  ends  tney  are  hooked  to  a  cross  bar/,  which  bar  is  made  fast  to  a 
piece  of  metal  o  at  the  back  of  a  a;  dia  the  cylinder  of  oil,  which  is  firmly 
nxed  at  the  back  of  a  a  ;  to  this  cylinder  is  fixed  four  pieces  of  metal  e  e  e  e, 
having  angular  grooves,  in  which  tne  frame  c  e  slides  when  the  springs  are  acted 
upon.  The  piston  in  the  cylinder  la  shown  by  dots,  the  rod  to  which  (a  fine 
steel  wire)  passes  through  stuffing  boxes  at  each  end  of  the  cylinder,  and  each 
end  of  the  rod  is  then  made  fast  to  the  frame  c  c.  Now  the  bar  ^,  which  pro- 
ceeds from  the  circular  box  a  a,  and  acts  upon  the  spring,  is  connected  at  the 
swivel  ring  i  with  the  upper  end  of  the  frame  c  c,  as  one  solid  piece  ;  therefore 
when  the  ring  k  is  made  fast  to  a  carriage,  and  power  applied  to  the  rope  at  t, 
the  bar  g  is  drawn  out  of  a,  while  the  frame  c  e  acts  simultaneously  upon  the 
steelyard  springs  c  c,  which  move  along  with  them  the  piston  in  the  fixed 
cylinder  d ;  the  oil  therein  being  incompressible,  is  compelled  to  pass  from  one 
side  of  the  piston  to  the  other,  through  the  extremely  narrow  interstice  between 
the  periphery  and  the  cylinder. 

In  the  dynamometer  invented  by  Mr.  Milne,  of  Edinburgh,  an  iron  plunger 
is  by  the  force  exerted  in  traction  caused  to  descend  in  an  open  vessel  con- 
taining mercury,  by  which  means  the  latter  rises  to  a  height  indicated  by  a 
glass  tube  open  at  top,  and  connected  to  the  mercurial  vessel  at  bottom  by  a 
neck,  the  bore  of  which  is  contracted  to  diminish  the  vibrations  of  the  mercurial 
column ;  half  the  height  in  inches  of  the  mercury  in  the  tube  multiplied  by  the 
area  of  the  base  of  the  plunger  in  inches  will  be  the  amount  of  the  force  of 
traction  in  pounds. 

E. 

EARTHS.  A  name  commonly  assigned  to  a  class  of  solid  substances  com- 
posing, in  various  states  of  combination,  the  crust  of  &e  globe ;  the  general 
qualities  of  which  are,  that  they  are  incombustible,  not  convertible  into  metala 
by  the  ordinary  methods  of  reduction,  and  their  specific  gravity  not  exceeding 
five  times  that  of  water.  The  number  of  these  substances  is  ten ;  viz.  barytes, 
strontites,  lime,  magnesia,  alumina,  or  clay,  silica,  glucina,  zerconia,  yttria, 
and  thorina.  But  luthough  these  substances  are  generally  termed  earths,  the 
experiments  of  Sir  H.  Davy  have  shown  that  a  portion  of  them,  viz.,  barytes, 
strontites,  and  lime,  as  well  as  the  alkalies,  potash  and  soda,  are,  in  reiuity, 
combinations  of  metallic  bases  with  oxygen  and  lead,  and  determine,  by 
most  probable  analogies,  that  the  whole  of  Siem  belong  to  the  metallic  class. 

EARTHENWARE.  Articles  made  of  baked  or  vitrified  earth.  See 
Pottery. 

EAR  TRUMPET.  A  contrivance  for  tlie  benefit  of  deaf  persons;  as 
usually  constructed,  it  resembles  in  shape  a  marine  speaking  trumpet,  but 
smaller,  seldom  exceeding  six  or  eight  inches  in  length.     The  party  using  the 
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trumpet  inserts  the  small  end  within  his  ear,  and  the  speaker  applies  his  mouth 
to  the  wide  end.  Dr.  Morrison,  of  Aberdeen,  however,  contends  that  this  con- 
struction is  erroneous,  and  that  the  end  which  is  applied  to  the  ear  should 
be  large  efiough  to  include  the  whole  ear,  instead  of  being  inserted  within 
it  The  Doctor  states,  that  having  laboured  under  a  deafness  for  a  number 
of  years,  he  applied  in  every  quarter  for  the  most  improved  ear  trumpet; 
but  from  none  of  them  could  he  derive  the  most  trivial  benefit.  He  at  length 
ordered  one  to  be  made  of  the  finest  block  tin,  constructed  as  above  recom- 
mended, and  found  it  to  answer  beyond  his  most  sanguine  hopes.  The  annexed 
cut  is  a  representation  of  a  flexible  ear  trumpet,  invented  by  Mr.  T.  Hancock, 
of  Fulham.     It  is  made  of  Indian  rubber,  covered  with  a  net-work  of  gold  or 


silver  wire,  and,  from  its  flexibility,  is  rendered  more  convenient  for  portabiliW 
and  for  ready  application  in  any  situation  that  may  be  required.  Mr.  Hancock 
has  successfully  applied  tubes  of  this  description  as  speaking  pipes,  to  commu- 
nicate verbally  with  the  various  parts*  of  an  extensive  manufactory.  - 

EASEL.  A  frame  used  by  painters  for  supporting  their  pictures  while  in 
progress,  and  admitting  of  being  adjusted  to  any  convenient  angle  by  means 
of  a  movable  prop  at  the  back. 

EAU-DE-LUCE.  A  volatile  preparation,  which  is  thus  made: — 12  grains 
of  white  soap  are  dissolved  in  4  ounces  of  spirit  of  wine ;  this  solution  being 
strained,  a  drachm  of  rectified  oil  of  amber  is  added,  and  the  whole  filtered. 
Afterwards,  some  strong  volatile  spirit  of  sal  ammonia  is  to  be  mixed  with  the 
solution. 

EAU-DE-COLOGNE.  A  celebrated  odoriferous  liqueiu- :  the  following  is 
the  true  mode  of  preparing  it  Take  of  the  essence  of  bergamot,  lemon  peel, 
lavender,  and  orange  flower,  of  each  1  ounce ;  essence  of  cinnamon,  half  an 
ounce  ;  spirit  of  rosemary,  and  of  the  spirituous  water  of  melisse,  each  15 
ounces ;  strong  alcohol,  71  pints.  Mix  the  whole  together,  and  let  the  mixture 
stand  for  the  space  of  a  fortnight ;  after  which  introauce  it  into  a  glass  retort, 
the  bodv  of  wnich  is  immersed  in  boiling  water,  contaiped  in  a  vessel  placed 
over  a  lamp,  while  the  beak  is  introduced  into  a  large  glass  reservoir  well 
luted.  By  keeping  the  water  to  the  boiling  point,  the  mixture  in  the  retort 
will  distill  over  into  the  reservoir,  wliich  should  he  covered  with  wet  cloths. 
In  this  manner  will  be  obtained  piu*e  eau*de-Coloe:ne. 

EAVES.  The  edge  or  margin  of  the  roof  of  a  house,  which  projects  beyond 
the  walls  to  throw  on  the  water  therefrom. 

EBONY.  An  exceedingly  hard  and  heavy  wood,  susceptible  of  a  fine  polish. 
There  are  many  kinds  of  ebony ;  the  most  usual  are  the  black,  red,  and  green, 
all  of  them  the  product  of  the  island  of  Madagascar.  The  black  ebony  is  pre- 
ferred to  that  of  any  other  colour,  but  it  is  not  so  much  in  request  as  formerly, 
since  the  discovery  of  so  many  ways  of  giving  other  hard  woods  a  black  colour. 
This  may  be  done  by  boiling  smooth,  clean  dox  wood  in  oil  till  it  becomos  per- 
fectly black;   or  by  washing  pear  wood  with  aquafortis,  and  drying  it  in  a 
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shady  place  in  the  open  air;  after  which  common  writing  ink  ihonU  be 
repeatally  paned  over  it,  and  the  wood  dried  in  a  timilar  manner  till  it  aemire 
a  deep  black  coloor.  It  may  then  be  polished  with  wax  and  a  woollen  ooCh, 
which  will  gire  it  a  fine  Instre.  An  excellent  black  is  also  produced  by  fini 
applying  a  solution  of  copper  and  aquafortis,  and  afterwards  bmshing  the  wood 
over  with  a  decoction  of  logwood. 

ECCENTRIC,  in  Geometry,  denotes  two  circles  or  spheres,  one  of  which  is 
contained  within  the  other,  but  the  centres  of  the  two  do  not  eoincide.  In 
mechanics^  the  name  is  siven  to  a  contrirance  frequently  substitated  for  a 
crank,  for  obtdning  a  reciprocating  motion  from  a  circular.  It  consists  of  a 
circular  disc  placed  eccentrically  upon  a  shaft,  and  revolving  within  a  hoop 
formed  at  one  end  of  the  connecting  rod.  The  valves  of  most  steam  engines 
which  work  with  a  fly-wheel  are  moved  by  an  eccentric 

EDGE  TOOLS  is  a  general  name  applied  to  the  coarser  kinds  of  cutting 
instruments,  such  as  chisels,  axes,  adzes,  gouges,  augers,  saws,  &c 

EFFECT  (Usbpul),  in  Mechanics ;  the  measure  of  the  real  power  of  any 
machine,  after  deducting  that  portion  which  is  lost  or  expended  in  overcoming 
the  inertia  and  friction  of  the  moving  parts,  and  in  giving  them  the  required 
velocity,  and  every  other  source  of  loss.  The  greatest  useful  effect  which  a 
horse  can  produce,  was  estimated  by  Bolton  and  Watt  at  33,000  lbs.  raised  one 
foot  high  per  minute ;  and  upon  the  introduction  of  the  steam  engine  to  per- 
form the  labour  which  was  before  performed  by  horses,  their  power  was  ex- 
pressed by  that  of  the  number  of  horses  which  they  were  equal  to ;  and  from 
the  convenience  of  this  mode  of  expression,  it  has  since  been  generally  adopted 
to  express  the  power  of  all  kinds  cf  machinery.  It  is  at  all  times  desirable  to 
know  the  real  eflTective  power  of  any  machine :  when  water  is  to  be  raised,  the 
effect  is  readily  computed,  but  in  most  other  species  of  work  it  is  difficult  to 
estimate  the  resistance,  and  conseauently  whether  the  engine  be  really  equal  to 
its  nominal  power ;  in  this  case,  Mr.  Tredgold  observes,  the  most  convenient 
and  simple  mode  of  measuring  the  effect  is  by  friction.  If  the  rim  of  a  brake 
wheel  ot  known  diameter  upon  an  ennne  shaft  be  pressed  with  a  fbroe  pro- 
ducing a  known  degree  of  triction,  which  is  exactly  equal  to  the  eflfect  of  the 
engine  at  its  working  speed,  Uien  it  is  dear  .that  if  the  friction  this  pressure 
produces  be  ascertained,  the  power  of  the  engine  will  be  equal  to  the  frictioB 
multiplied  by  the  velocity  of  tlie  rubbing  surface.  To  apply  this,  let  A  B  be  a 
lever  with  a  friction  strap,  that  may  be  tightened  upon  the  cylindrical  snrfiice 
of  the  shaft  or  wheel  C,  and  let  it  be  tightened  by  the  screw  at  B  (the  lever 
being  stopped  by  the  stop  at  D),  till  the  friction  be  equal  to  the  power  of  the 
engine  when  all  other  work  is  thrown  off;  then  wnile  the  engine  is  still  in 
motion,  add  such  a  weight  at  E  as  retains  the  lever  in  a  horizontal  position. 

DO 

ACT 


F 
E 


To  calculate  the  power,  multiply  together  the  length  of  the  lever  F  C  in  feet, 
the  weight  E  in  lbs.  the  number  of  revolutions  of  C  per  minute,  and  the 
number  6.2832 ;  the  result  will  be  the  number  of  pounds  raised  one  foot  per 
minute,  and  divided  by  33,000  it  is  the  horses'  power.  Thus  if  a  shaft  make 
20  revolutions  per  minute,  and  the  length  EC  of  the  lever  be  10  feet,  and  if  it 
be  found  that  a  weight  of  240  lbs.  is  sufficient  to  retain  the  lever  in  a  hori- 
zontal position,  then  6.2832  x  10  X  240  X  25=376992  lbs.  raised  one  foot  high, 
or  nearly  eleven  and  a  half  horses'  power. 


ELECTRICITY.  466 

EFFERVESCENCE.  The  commotion  produced  in  flttids  bv  loroe  pert  of 
the  mass  taking  suddenly  the  elastic  fonn,  and  escaping  rapidly  in  numerous 
bubbles. 

EFFLORESCENCE.  The  effect  which  tekes  place  when  bodies  spon- 
taneously become  converted  into  a  dry  powder.  It  is  almost  always  occasioned 
by  the  loss  of  the  water  of  cmtallization  in  saline  bodies. 

EGGS.  The  envelope  which  contains  the  fcetus  of  various  animals,  and 
which,  being  voided  by  the  parent,  is  subsequently  matured  by  incubation. 
This  may  also  be  effected  by  means  of  prolonged  artificial  heat ;  and  in  Egypt 
the  art  of  hatching  chickens  by  means  of  ovens  has  lonj?  been  practised,  but 
it  is  there  onlv  known  to  the  inhabitants  of  a  single  village,  named  Berme, 
and  to  tliose  that  live  at  a  small  distance  from  it  Towards  the  beginning  of 
autumn  they  scatter  themselves  all  over  the  country,  where  each  person  among 
them  is  ready  to  undertake  the  management  of  an  oven,  each  of  which  is  of  a 
different  size,  but  in  general  they  are  capable  of  containing  from  forty  to  four- 
score thousand  eggs.  The  number  of  these  ovens  placed  up  and  down  the 
country  is  about  386,  and  they  usually  keep  them  working  for  about  six  months ; 
as,  therefore,  each  brood  takes  up  in  an  oven,  as  under  a  hen,  only  twenty-one 
days,  it  is  easy  in  every  one  of  them  to  hatch  eight  difierent  broods  of  chicKens. 
Every  Bermean  is  under  the  obligation  of  delivering  to  the  person  who  entrusta 
him  with  an  oven,  only  two-thirds  of  as  many  chickens  as  there  have  been  eges 
put  under  his  care ;  and  he  is  a  eainer  by  this  baigain,  as  more  than  two-thiras 
of  the  eggs  usually  produce  chickens.  In  order  to  make  a  calculation  of  the 
number  of  chickens  yearly  so  hatched  in  Egypt,  it  has  been  supposed  that  only 
two-thirds  of  the  eggs  are  hatched,  and  mat  each  brood  consists  of  at  least 
30,000  chickens;  and  thus  it  would  appear  that  the  ovens  of  Egypt  give  life 
yearly  to  at  least  92,640,000  of  these  animals.  As  it  is  of  great  importance 
m  a  zoological,  and,  to  a  certain  extent,  even  in  an  economical  point  of  view, 
to  be  able  to  transport  eges  fresh  frt>m  one  country  to  another,  it  has  been 
proposed,  as  the  best  method  of  effecting  this,  to  varnish  them  with  gum 
arable,  and  then  imbed  than  in  pounded  charcoal,  which  being  a  non-conductor 
of  heat,  a  uniform  temperature  will  be  preserved. 

ELAINE.  The  oily  principle  of  solid  fats,  the  remaining  or  solid  portion 
being  named  stearine, — names  assigned  to  these  substances  by  the  discoverer, 
Mr.  Chevreul.  If  tallow  be  squeezed  between  the  folds  of  porous  paper,  the 
elaine  soaks  into  it,  whilst  the  stearine  remains.  The  paper  being  then  soaked 
in  water  and  pressed,  yields  up  its  oily  impregnation.  Elaine  has  very  much 
the  appearance  and  properties  of  vegetable  oil,  and  is  liquid  at  the  temperature  of 
60<>.  Cocoa  nut  oil,  which  in  England  usually  is  concrete,  or  at  most  semi-fluid, 
has  of  late  years  been  resolved  into  the  above-named  constituents  by  mechanical 
pressure,  and  the  solid  part  manufactured  into  candles,  whilst  the  liquid  forms 
a  valuable  oil  for  lamps.     See  Fat. 

ELASTICITY.  A  property  of  bodies  to  resume  their  form  upon  the  removal 
of  any  force  by  which  they  may  have  been  deflected  from  it.  In  thu  respect  all 
bodies  which  come  within  our  knowledge  are  comprehended  under  one  of  these 
three  distinctions.  If  two  bodies,  when  pressed  together,  suffer  an  alteration 
in  their  form,  and  if  afterwards,  on  removing  that  pressure,  they  recover  their 
originid  figures,  they  are  called  elattic;  if,  when  pressed,  their  forms  are  not  in 
the  least  ^tered,  they  are  called  hard;  and  if,  when  pressed  as  above,  they  alter 
their  forms,  and  retain  the  same  after  the  pressure  is  discontinued,  they  are 
called  acft;  and  both  these  last  kinds  of  bodies  are  termed  non-elastics.  It  is 
doubtful,  however,  whether  any  bodies  are  either  perfectly  hard,  or  soft,  or  elastic, 
— the  air  not  being  perfectly  elastic,  and  water  (which  was  for  a  lon^  time  held  to 
be  perfectly  incompressible  and  non-elastic,)  being  in  the  opimon  of  many 
persons  shown  to  be  compressible,  by  the  experiments  of  Canton  and  of  Perkins. 

ELECTRICITY.  The  name  assigned  to  a  certain  mysterious  natural 
principle  or  element,  with  the  nature  of  which  we  are  totaUy  unacquainted, 
as  it  can  only  be  inferred  from  its  effects,  in  which  respect  it  resembles 
the  principles  of  Ught,  heat,  and  magnetism.  For  a  brief  outline  of  the  science 
of  electricity,  see  Chemistry. 
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ELEMENTS.  The  name  aisigned  by  the  ancients  to  those  simple  substances 
of  which,  by  combmation,  all  bodies  were  supposed  to  be  fonned.  These 
principles  were  supposed  to  be  four  in  number,  viz.  fire,  water,  earth,  and 
air ;  but  the  researcnes  of  modem  chemistry  have  completely  overturned  this 
classification,  showing  that  each  of  these  supposed  elements  is  in  reality 
composed  of  two  or  more  substances,  and  extendmg  the  number  of  simple  sub- 
stances to  nearly  fifty ;  at  Uie  same  time  it  is  to  be  observed  that  these  sub- 
stances are  not  pronounced  to  be  absolutely  simple,  but  are  merely  so  in  respect 
to  the  present  state  of  the  art  of  analyzing  bodies.  For  a  list  of  the  simple 
or  undeoompound  substances,  see  Chemibtet. 

ELEVATION,  in  the  art  of  design,  an  orthographic  projection  of  the  vertical 
figure  of  any  building  or  piece  of  machinery,  Uiere  bemg  no  vanishing  points, 
as  in  a  perspective  representation,  but  the  eye  being  supposed  to  occupy  the 
whole  space  of  the  picture,  or  every  part  of  the  object  Ming  deemed  peipen* 
dicular  to  the  eye. 

ELIQUATION.  An  operation  by  which  one  substance  is  separated  firom 
another  that  is  less  fusible.  It  consists  in  the  application  of  a  degree  of  heat 
sufficient  to  fuse  the  former,  but  not  the  latter. 

.    ELIXIB..    A  compound  tincture  extracted  from  many  ingredients,  whereas, 
a  simple  tincture  is  extracted  fix>m  only  one  ingredient 

ELLIPSIS,  in  Geometry,  a  curve  line  returning  into  itself,  and  produced 
from  the  section  of  a  cone  by  a  plane  cutting  both  its  sides,  but  oblique  to  the 
axis  of  the  cone. 

EMBOLUS.  Any  thing  inserted  and  acting  in  another,  as  the  sucker  of  a 
pump,  the  piston  of  a  steam  engine,  &c. 

EMBOSSING.  The  forming  of  ornaments  in  relief  upon  any  substances, 
whether  by  sculpture,  casting,  stamping,  or  anv  other  means.  One  pleasing 
species  of  embossing  is  that  by  which  the  leather  covers  of  books  are  now  so 
nchly  ornamented ;  this  is  effected  by  means  of  a  metal  plate  on  which  the 
pattern  is  engraved,  and  which,  being  heated,  gives  the  impression  to  the 
leather  by  the  action  of  a  powerful  fly-press.  The  following  method  of  em- 
bossing on  wood,  invented  by  Mr.  Straker,  is  extracted  from  the  Tratuactions 
Sftke  Society  cfArtt;  it  may  be  used  eith^  by  itself,  or  in  aid  of  carving,  and 
epends  on  the  fact,  that,  if  a  depression  be  made  by  a  blunt  instrument  on  the 
surface  of  wood,  such  depressed  part  will  again  rise  to  its  original  level  by 
subsequent  immersion  in  water.  The  wood  to  be  ornamented  having  first  been 
worked  out  to  its  proper  shape,  is  in  a  state  to  receive  tiie  drawing  of  the 
pattern ;  this  being  put  in,  a  blunt  steel  tool,  or  burnisher,  or  die,  is  to  be 
applied  successively  to  all  those  parts  of  the  pattern  intended  to  be  in  relief, 
and  at  the  same  time  is  to  be  driven  very  cautiously  without  breaking  the  grains 
of  the  wood,  till  the  depth  of  the  depression  is  equal  to  the  subsequent  pro- 
minence of  the  figures.  The  ground  is  then  to  be  reduced  by  planing  or  filing 
to  the  level  of  the  depressed  part ;  after  which  the  piece  of  wood  being  placed 
in  water,  either  hot  or  cold,  the  parts  previously  depressed  irill  rise  to  their 
former  height,  and  will  thus  form  an  embossed  pattern,  which  may  be  finished 
by  the  usual  operation  of  carving. 

EMBROIDERY.  The  enriching  of  cloth,  stuf^  or  muslin,  by  figures  worked 
thereon  with  a  needle,  with  thread'  of  gold,  silver,  silk,  or  cotton.  The  em- 
broidery of  stuffs  is  performed  in  a  kind  of  loom ;  that  of  muslin  by  stretching 
it  on  a  pattern  already  designed,  and  die  thinner  the  muslin  the  better  it  is 
adM)ted  to  the  purpose. 

EMERALD.  A  well-known  gem,  of  a  pure  green  colour,  somewhat  harder 
than  quartz,  tiiough  softer  than  most  of  the  precious  stones.  Owing  to  the 
beauty  of  its  colour,  and  the  fine  contrast  it  makes  with  brilliants,  it  is  valued 
next  to  the  ruby.  The  oriental  emerald  is  considered  to  be  a  variety  of  ruby  of 
a  green  colour. 

EMERY.  A  very  hard  mineral,  of  a  dark  grey  colour.  The  best  is 
obtained  firom  the  island  of  Naxos,  whence  it  is  imported  into  this  coimtry ;  it 
is  found  in  irregular  masses,  mixed  with  other  minerals.  It  is  so  hard  as  to 
scratch  topaz.    Its  constituents  are  86  alumina,  3  silicia,  4  iron,fand  7  loss.    Its 
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specific  gravity  is  4.0.  Emery  is  also  obtained  from  some  of  the  iron  mines  in 
ibis  country.  The  extreme  hardness  of  this  substance  has  caused  it  to  be 
employed  in  various  arts.  Lapidaries  employ  it  in  cutting  and  polishing  of 
precious  stones ;  opticians,  in  grinding  glass  preparatory  to  polishing.  It  is  very 
extensively  used  by  the  manufacturers  of  iron  and  steel  wares ;  is  a  common 
household  materifd  for  brightening  iron  ;  and  is  applicable  as  a  grinding, 
scouring,  and  polishing  jvowder,  in  a  great  variety  of  operations.  For  all  these 
purposes  it  is  first  pulverized  in  large  iron  mortars,  and  the  powder,  which  is 
very  sharp,  is  frequently  washed  to  free  it  from  foreign  matters ;  it  is  then  dried, 
and  afterwards  suted  into  six  or  more  different  degrees  of  fineness,  for  the 
various  purposes  before  mentioned. 

EMPYREUMA.  A  term  implying  a  peculiar  odour  derived  from  the  ovei^ 
heating  of  matters  under  the  process  of  distillation,  or  when  vegetable  or 
animal  matter  becomes  burned  in  other  processes  in  close  vessels.  It  is  said 
that  this  peculiar  odour  is  produced  from  no  substance  that  does  not  contain  oil ; 
hence,  if  no  empyreuma  is  perceived  in  burning  any  substance  in  a  doee  vessel, 
we  may  be  assured  that  it  contains  no  oQ. 

ENAMEL.  A  shining  vitrified  substance,  employed  as  an  indestructible 
coating  to  pictures,  and  various  articles  of  taste  and  utility.  The  basis  of  eJl 
kinds  of  enamel  is  a  perfectly  transparent  and  fusible  fflass,  which  w  subsequently 
rendered  either  semi-transparent  or  opaque  by  the  admixture  of  metallic  oxides. 
White  enamels  are  composed  by  melting  oxide  of  tin  with  the  glass,  and  adding 
a  small  quantity  of  manganese  to  increase  the  brilliancy  of  the  colour.  The 
addition  of  the  oxide  of  lead  or  antimony  produces  a  yellow  enamel.  Reds 
are  formed  by  an  admixture  of  the  oxides  of  gold  and  iron.  Greens,  violets, 
and  blues,  are  procured  from  the  oxides  of  copper,  cobalt,  and  iron ;  and  these, 
when  intermixed  in  different  proportions,  affoid  a  variety  of  intermediate 
colours.  The  proportion  in  which  these  ingredients  are  used,  as  weU  as  the 
degree  and  continuance  of  the  heat  necessary  to  their  perfection,  constitute  the 
secrets  of  the  art.  The  best  enamel  was  formerly  imported  from  Venice ;  but 
during  the  restrictions  on  commerce  imposed  by  the  late  war,  the  importation 
had  dmost  wholly  ceased.  The  high  price  of  the  article,  therefore,  induced 
British  artisans  to  attempt  its  manufacture,  and  they  succeeded  in  producing  a 
hard  enamel,  superior  to  the  best  Venetian  in  whiteness,  and  much  more  valucuble 
to  the  dial-plate  makers.  In  1817  Mr.  Wynn  communicated  to  the  Society 
of  Arts  a  series  of  receipts  for  the  preparation  of  enamel  colours,  and  for 
which  a  premium  was  awarded  by  the  Society.  The  fluxes  are  those  em- 
ployed by  Mr.  Wynn." 

P*rl». 

^Red  lead 8 

1^    .       J  Calcined  borax I| 

^®*'      JFlint  powder 2 

CPlint  glass 6 

(Flint  glass       ........  10 

Na  2.      ^White  arsenic 1 

CNitre 1 

^    ^       f  Red  lead 1 

^^'^'     t  Flint  glass 3 

rRed  lead  • 9) 

No.  4.      ^  Borax,  not  calcined 5| 

(Flint  glass 8 

(Flint  glass 6 

No.  6.      )F1ux,No.2 4 

^Redlead 8 

After  the  fluxes  have  been  melted  they  should  be  poured  on  a  wetted  flaff-stone, 
or  into  a  large  pan  of  clean  water,  then  dried,  and  finely  powdered  in  abiscuit- 
ware  mortar  for  use. 

To  make  yellow  enamel:  take  red  lead  8  parts,  oxide  of  antimony  1,  and 
white  oxide  of  tin  1 .  Mix  the  ingredients  well  in  a  biscuit-ware  mortar,  and 
having  put  them  on  a  piece  of  Dutch  tile  in  the  muffle,  make  it  gradually  red 
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hot,  and  tnfier  it  to  cooL  TakeV  this  mixture  1  put,  of  flnx.  No.  4,  1|,  and 
grind  them  in  water  for  nae.  By  varjring  the  proportions  of  red  lead  and  anti- 
moajf  different  shades  of  colour  may  be  obtained. 

To  make  oroi^  enamel:  take  red  lead  12  parts,  red  sulphate  of  inml,  oxide 
of  antimony  4,  and  flint  powder  3.  After  calcining  these  without  melting,  fiise 
1  part  of  the  compound  with  2}  of  flux. 

To  make  dark  r^  enamel :  take  sulphate  of  iron,  calcined  dark,  1  part,  flux. 
No.  4,  6  narts,  and  of  colcother  1  part;  of  the  two  latter  mixed,  add  3  parts. 

To  make  Uffht  red  enamel :  take  red  sulphate  of  iron  1  part,  flux,  No.  1,  3, 
and  white  lead  1 1. 

To  make  brown  enamel :  take  maganese  2}  parts,  red  lead  8^,  flint  powder  4. 

ENAMELLING.  The  art  of  corering  plates  of  metal  with  enamel  b  of 
great  antiouity;  it  was  practised  by  the  Egyptians,  and  by  them  probably 
transmittea  to  the  Greeks  and  Romans.  Several  ancient  specimens  of  curious 
workmanship  prove  its  existence  in  Britain  at  a  very  eariy  period.  ^  It  was  for- 
merly employed  chiefly  for  ornamental  purposes,  but  since  the  invention  of 
docks  and  watches,  its  usefulness  has  been  proportionably  increased.  For 
dock  and  watch  dials  there  is  probably  no  substance  that  codd  be  substituted 
that  can  emial  enamel  in  permanence  and  beauty.  The  art  of  dial-plate 
enamelling  u  divided  into  two  branches,  namely,  hard  enamelling,  and  soft  or 
§^ass  enamelling.  In  the  first  branch  the  Venetian  enamels  are  chiefly  em- 
ployed; in  the  last  the  English  or  glass  enamels.  The  practice  of  hard 
enamelling  requires  more  skill,  time,  and  labour,  than  the  others,  and  is  con- 
sequently the  most  esteemed.  The  metals  to  be  enamelled  on  are  usually  gdd, 
silver,  or  copper;  but  the  process  being  similar,  one  description  will  sijmce. 
The  copper,  which  is  the  metal  usually  employed,  being  evenly  flatted  in  long 
dips,  and  to  a  proper  thickness,  pieces  are  cut  off*  for  use  according  to  the  siae 
wanted ;  they  are  then  anneded  in  a  dear  flre  in  order  to  make  them  suffi- 
ciently pliable  to  take  the  required  forms  which  are  given  to  them  by  means  of 
brass  dies.  A  complete  set  of  dies  varies  in  size  from  about  three-fourths  of  an 
inch,  to  two  inches  and  a  half,  the  gradations  being  very  smdL  The  copper  is 
next  placed  on  the  die  best  adapted  for  the  purpose,  and  the  eye,  or  centre 
hole,  18  made  with  a  smdl  ronna-headed  punch,  and  smoothed  with  a  grained 
file ;  it  b  then  again  placed  on  the  die^  and  pressed  gradually  o^n,  till  it 
nearly  fiUs  the  hole  with  an  ovd  butnbher ;  it  b  afterwards  pressed  tighter  into 
the  hole  with  a  round  broach,  the  burr  being  occasiondly  taken  off  by  the  file, 
and  care  employed  to  prevent  the  eye  firom  cracking.  The  punch,  burnisher, 
and  round  pin,  are  all  of  steel ;  the  two  latter  taper  in  regular  gradation 
towards  the  handles.  When  the  eye  b  completed,  tne  edge  of  the  copper  b 
cut  round,  so  as  to  leave  a  smdl  part  projecting  beyond  the  die,  which  is  then 
turned  up  or  butnished  agdnst  the  edge  of  the  die,  the  copper  being  first  laid 
smooth  and  flat  by  the  burnisher.  The  copper  is  then  gradually  set  up  to  the 
convexity  or  height  required  by  rubbing  it  gently,  yet  firmly,  with  a  oent  or 
setting  spatula,  formed  of  a  thin  dip  of  steel  about  five  inches  long,  properly 
fixed,  after  which  the  feet  are  soldered  on.  The  inconveniences  that  attended 
the  use  of  pldn  copper  wire,  soldered  with  spelter  for  the  feet,  are  now  entirely 
obviated  by  employrag  copper  wire  plated  with  silver.  The  feet  must  be  cut 
by  fixing  an  iron  peg  into  the  work-board ;  to  the  pieces  of  plated  wire  being 
held  agdnst  it,  it  will  be  found  to  form  a  very  good  rtsbtance  against  the 
action  of  the  file.  It  should  be  observed,  that  if  coppers  are  to  be  made  for 
flat  plates,  the  feet  should  be  filed  at  right  angles ;  but  if  the  plates  are  convex, 
they  should  be  filed  at  an  angle  as  nearly  as  posdble  corresponding  with  the 
curve  formed  in  the  hollow  part  of  the  copper,  oecause  when  the  foot  b  placed 
on  the  copper  it  wUl  be  found  to  stand  perpendicular  to  the  base  line  or  edge 
of  the  cofiper.  In  order  to  make  the  feet  remain  in  their  ^aces,  and  fiu:ilitate 
the  soldering,  the  end  of  each  foot,  before  putting  it  on  the  copper,  which  b 
done  by  means  of  a  pur  of  corn  tongs  or  tweezers,  is  dipped  into  a  slight  wash 
of  borax  and  water,  through  which  it  adheres  with  sufficient  force  to  admit  of 
its  being  exposed  to  the  power  of  the  blow-pipe.  The  lamp  in  common  use 
oontdns  from  a  pint  to  a  quart  of  oil,  and  hss  a  cylindricd  spout  projecting 
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about  th»e  inchet,  being  an  inek  or  more  in  dlametov.    Tbis  spaee  isfflled 
with  cotton,  which  being  lighted,  a  itrong  fiame  is  produced.  The  copper  is  care* 
fully  placed  upon  apiece  or  eoUd  charcoal,  long  enough  to  be  held  in  the  hand ; 
and  the  flame  being  then  propelled  by  the  blow-pipe  against  the  solder  or  silrered 
wire,  as  the  case  may  be,  the  feet  are  firmly  united  to  the  copper.    The  whole 
is  then  thrown  into  the  pickling-pan,  in  order  to  free  it  from  the  scale  or  ozid- 
able  covering  acquired  from  the  neat    The  coppers  beine  thus  prepared,  the 
next  process  is  that  of  enamelling,  properiy  so  called.    The  operations  of  hard 
enamelling,  and  glass  enamelling,  are,  to  a  certain  extent,  the  same.    When 
they  are  different,  we  shall  describe  the  difference  as  we  proceed.    The  enamel, 
as  it  comes  from  the  makers,  is  generally  in  small  cakes  from  four  to  five 
or  six  inches  in  diameter.    It  is  first  broken  with  a  hammer,  and  then  ground 
in  a  mortar,  and  moistened  with  water ;  after  which,  the  coppers  having  been 
first  cleansed  by  the  pickle,  and  carefully  brushed  out  with  water,  are  spread, 
face  downwards,  over  a  soft  doth,  or  smootli  napkin,  and  a  thin  layer  ot  hard 
enamel,  called  in  its  groimd  state  the  baduMgy  is  sturead  over  the  uuder  sidee 
with  the  end  of  a  quill,  properiy  cut,  or  with  a  small  bone  spoon.  The  coppers 
are  then  slightly  pressed  on  by  another  sofl  doth  or- napkin,- which,  by  imbibing 
some  portion  of  the  water,  renders  the  enamel  suffidently  dry  to  be  smoothly 
and  evenly  spread  with  the  rounded  side  of  a  sted  spatula.    The  next  opera- 
tion is  to  spread  a  layer  of  glass  enamel  over  the  upper  sides  of  the  coppers, 
called  the  Jirtt  coats*    In  doing  this,  the  surface  is  first  brushed  slightly  over 
with  a  small  camd-hair  brush,  or  a  hare's  foot,  to  remove  any  dirt  or  extrar 
neous  particles  of  enamel,  as  the  mixture  of  any  hard  enaisel  with  the  glass 
would  infallibly  spoil  the  work.    The  glass  is  then  spread  upon  the  coppers  in 
a  layer,  the  thickness  of  which  is  commonly  the  same  aa  the  ndght  of  tlie  edge 
and  eye*    The  water  is  afterwards  slif htly  absorbed  with  a  clean  napkin, 
smoothly  folded,  and  the  enamel  spreacT  by  a  thin  flat  spatula,  till  all  uneven- 
ness  is  removed,  and  the  surface  lies  regularly  from  edge  to  centre.    The  next 
department  h  firing,  as  it  is  technically  called,  which  consists  in  melting  it  till 
it  becomes  one  uniform  mass  on  the  surface  of  the  copper.    In  doing  this,  the 
first  coats  are  placed  upon  rinss,  which  are  generally  made  of  a  mixture  of 
pipe- maker's  clav  and  Stourbridge  day,  rolled  up  into  the  form  of  cylinders, 
and  turned  in  a  lathe  by  means  of  a  cylindrical  piece  of  wood  forced  through 
the  centre  of  the  nuiss  when  wet    They  are  next  put  into  a  shallow  tin  vessel 
called  a  tin  cover,  which  is  either  made  square  or  round,  according  to  the  fancnr 
of  the  artificer,  and  is  commonly  about  three  quarters  of  an  inch  in  depth.  All 
the  moisture  is  then  slowly  evaporated  from  the  enamel,  by  placing  the  cover 
upon  a  German  stove,  or  in  some  other  convenient  situation  near  a  fire,  where 
the  evaporation  can  be  properly  regulated.    The  firing  is  executed  beneath  a 
muffle,  placed  In  a  small  mmace,  ignited  with  coke  and  charcoal.    The  fur- 
nace bemg  drawn  up  to  a  suffldent  neat  by  means  of  a  register,  the  first  coats 
are  taken  separately  from  tlie  tin  coven  and  placed  upon  thin  planches  of  day, 
or  iron  chalked  over,  and  gradually  introduced  beneath  the  muffle,  where,  in  a 
very  short  time,  the  enamel  melts  or  noit,  and  becoming  properly  consoli- 
dated, Ae  first  coat  is  complete.    A  second  layer  of  ground  enamel  is  then 
gently  spread  with  a  quill,  and  prepared  for  firing  by  the  napkin  and  spatula  as 
before ;  after  which  the  second  coats  are  placed  upon  the  rings,  and  tne  mois- 
ture being  evaporated  in  the  tin  cover,  they  are  ready  for  a  second  fire.    This 
requires  an  equally  cautious  management  as  the  former  one.    The  plates  must 
not  be  over-fired,  nor  must  the  heat  be  suffered  to  melt  the  enamd  too  rapidly, 
but  a  kind  of  rotatory  motion,  called  coddling,  must  be  given  to  the  worx,  by 
holding  the  loaded  plandi  lightly  with  the  tongs,  and  gently  drawing  the  edge 
of  it  towards  the  mouth  of  the  muffle,  and  then  returning  it  to  its  former  place, 
till  the  fusion  be  complete.    The  work  is  now  in  a  fit  state  for  polishing,  tech- 
nically called  ttJtn^  cff.    This  is  performed  by  rubbing  the  surface  of  the  plate 
on  a  grit  stone  with  fine  sand  and  water,  until  all  me  glazed  appearance  is 
eompTetely  obliterated,  and  one  uniform  and  equally  rough  surface  is  produced. 
The  intention  of  this  part  of  the  process  is  to  remove  the  mottled  appearance 
on  the  surface,  and  give  a  more  equal  convexity  to  the  plate. 

3o 
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of  the  Venetian  hard  enamel  b  mueb  the  taaie ;  but  the  beat  mlied  to  m& 
it  moit  not  be  lo  great,  and  the  plate  moit  be  taken  from  the  nre  at  soon  aa 
the  enamel  is  Ibnnd  to  fonn  one  tolerably  eompact  body,  at  any  longer  con«> 
tinuanee  would  hare  a  tendency  to  apoQ  the  intended  shape  itt  the  plate, 
which  b  always  considered  a  most  essential  qnality  in  those  of  hard  enamel. 
The  heat  for  finishing  may  be  rather  more  than  that  used  in  the  fint  fires,  as  in 
that  instanee  the  intention  was  only  to  unite  the  poitides  of  enamel  into  one 
solid  mass :  bat  the  principal  object  in  finithing  hdcg  to  raise  the  flux  to  the 
tur&ce  aa  much  at  possible,  a  greater  heat  may  be  used  with  advantage,  but 
the  date  must  be  taken  from  the  furnace  the  instant  that  the  surface  appears 
farigbt  and  glossy.  Where  good  Venetian  enamel  cannot  be  obtained,  and 
mixtures  of  various  kinds  are  resorted  to,  it  freouently  hi^pens  that  the  glass 
enamel  plates  crack  when  they  are  brought  to  tne  second  fire.  When  tms  is 
the  case,  as  soon  as  the  crack  is  observed  Uie  plate  must  be  withdrawn  from  the 
fire ;  and  if  it  extends  only  finom  tfie  centre  hole  to  the  edge,  it  will,  in  most 
cases,  bear  mending;  but  if  it  has  happened  in  two  or  three  places,  it  will 
be  useless  to  make  the  attempt,  as  it  will  rarely  succeed.  If  the  dial  plate  was 
to  continue  in  the  &re  after  it  b  cracked  a  sufficient  time,  the  enamel  would 
dose,  and  the  plate  become  sound  again ;  but  as  the  copper  on  its  surfrce  b 
in  a  state  of  oxidation,  the  oxide  of  copper  uniting  with  the  enamel  would 
rise  to  the  upper  surface  of  the  plate,  producing  by  its  union  a  faint  and  some- 
times a  dark  green  line,  which  would  evidently  render  the  plate  useless.  The 
operator,  therefore,  must  observe  the  time  when  the  crack  has  opened  to  its 
greatest  width,  and  before  it  unite  or  dose  at  the  bottom  the  plate  must  be 
withdrawn  from  the  furnace  and  allowed  to  cooL  The  opening  must  then  be 
filled  with  fine  enamel,  laid  suffidently  high  to  allow  for  its  running  down  in 
the  fire ;  but  to  adjust  the  quantity  so  as  to  prevent  the  appearance  of  a  seam 
across  the  plate  will  require  much  judgment ;  and,  indeed,  however  well  the 
operation  may  succeed,  it  will  still  remain  visible. 

The  method  of  painting  in  enamd  b  performed  on  plates  of  gdd,  silver,  and 
copper,  enamelled  with  Uie  white  enamel ;  whereon  they  paint  with  colours 
which  are  mdted  in  the  fire,  by  which  they  acquire  a  brightness  and  lustre  like 
that  of  glass.  Thb  painting  is  the  most  priced  of  all  for  its  peculiar  brightness 
and  vivacity,  which  is  very  permanent,  the  force  of  its  colours  not  being  effiiced 
or  sullied  with  time  as  in  other  painting,  and  continuing  dways  as  fresh  as 
when  it  came  out  of  the  workman  s  hands. 

ENAMELLED  CARDS  b  a  name  given  to  the  cards  on  which  a  coating  in 
imitation  of  red  enamel  b  produced.  We  believe  there  are  various  processes 
at  present  employed  for  fabricating  these  degant  and  fashionable  articles ;  but 
the  following  account  of  Mr.  Christ's  process,  which  we  derive  from  the  speci- 
fication of  his  patent,  enrdled  in  August  1 826,  may  be  regarded  as  genuine  and 
practical  One  oound  of  parchment  cuttings,  a  quarter  of  a  pound  of  isinglass, 
and  a  quarter  of  a  pound  of  gum  arable,  are  to  be  boiled  in  an  open  iron  pot 
or  other  vessd,  in  twen^-four  ouarts  of  pure  water,  until  the  solution  b  reduced 
to  twdve  quarts,  when  it  b  to  be  Uken  ofi*  the  fire  and  strained  clear.  The 
sdution  of^  thb  consistence  b  then  to  be  divided  into  three  equd  parts  of  four 
quarts  each ;  to  the  first  of  these  portions  b  to  be  added  six  pounds  of  pure 
white  lead,  (previoud;^  ground  fine  in  water,)  which  b  cdled  mixture  No.  1 ;  to 
the  second  portion,  eight  pounds  of  pure  white  lead,  forming  mixture  No.  2 ; 
and  to  die  third  b  to  be  added  six  pounds  of  pure  white  lead,  making  mixture 
No.  3.  The  sheets  of  paper  are  then  to  be  stretched  out  upon  flat  boards  and 
brushed  over  with  a  thin  coat  of  No.  1  mixture,  with  a  common  painter's  brush ; 
the  paper  b  then  to  be  hung  up  to  dry  for  twentv-four  hours.  After  this,  the 
paper  u  in  a  similar-  manner  to  receive  a  coat  of  No.  2  mixture,  and  to  be  hung 
up  again  to  dry  for  twenty-four  hours ;  the  paper  b  then  to  be  treated  in  the 
like  manner  with  No.  3  mixture,  and  then  oned  agdn  for  twenty-four  hours. 
It  b  next  to  be  printed  with  the  engraved  plate,  and  the  press-board  used  for 
the  purpose  b  to  be  of  smooth  cast  iron  instead  of  wood.  The  printing  being 
completed,  the  paper  b  to  be  hung  up  a  fourth  time  for  twenty-four  houn  to 
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dry;  afteir  this  it  undergoes  the  final  operation  of  receiving  its  high  eloss,  which 
consists  in  laying  the  work  with  its  face  downwards  on  a  highly-pmishcd  steel 
plate,  and  then  passing  both  with  ereat  pressure  between  a  pair  of  cylindrical 
rollers,  and  thus  the  beautifully  polished  surface  of  the  steel  is  transferred  to 
the  composition  on  the  paper,  which  closely  resembles  in  appearance  the  finest 
white  enamel.  It  is,  however,  to  be  regretted  that  this  enamelled  surface  is 
not  very  durable,  as  it  comes  off  readily  after  wetting  it  with  the  finger.  To 
prevent  this,  a  solution  of  some  resinous  substance,  should  be  added  in  the 
last  operation. 

ENCAUSTIC  PAINTING.  A  method  of  paintine;,  much  in  use  among 
the  ancients,  in  which  wax  was  employed  to  give  a  gloss  to  the  colours,  and 
permanence  to  the  work.  From  the  meagre  account  given  to  us  by  Pliny  of 
the  method,  it  ht  evident  he  was  not  in  the  secret  himself;  all  the  information 
he  affords  amounts  to  this  —  that  the  colours  made  use  of  were  fixed  by  fire, 
and  that  wax  was  employed  to  give  them  a  eloss,  and  preserve  them  firom 
being  injured  by  the  air.  This  ancient  art,  after  having  been  long  lost,  was 
restored  by  Count  Caylus,  a  member  of  the  Academy  of  Inscriptions  at  Paris ; 
and  the  method  of  painting  in  wax  was  announced  to  the  Academy  of  Painting 
and  BeUes-Lettres  in  the  year  1753,  through  M.  Bacheleir,  the  author  of  a 
treatise  de  VHistohre  et  du  Secret  de  la  Pemture  en  Cire,  who  had  actually 
painted  a  picture  in  wax  in  1749,  and  he  was  the  first  who  communicated  to 
the  public  the  method  of  performing  the  operation  of  inustion,  which  is  the 
principal  characteristic  of  the  encausting  painting.  The  cloth  or  wood  designed 
for  the  basis  of  the  picture  is  waxed  over,  by  only  rubbing  it  simply  with  a 
piece  of  bees'  wax,  the  wood  or  cloth  stretched  on  a  frame  being  held  hori- 
zontally over,  or  perpendicularly  before,  a  fire,  at  such  a  distance  ttiat  the  wax 
mieht  gradually  melt,  whilst  it  is  rubbed  on,  difiuse  itself,  penetrate  the  body, 
and  fill  the  interstices  of  the  texture  of  the  cloth,  which,  when  cold,  is  fit  to 
paint  upon.  But  as  water  colours,  or  those  that  are  mixed  up  with  common 
water,  will  not  adhere  to  the  wax,  the  whole  picture  is  first  to  oe  rubbed  over 
with  Spanish  chalk  oi'  white,  and  then  the  colours  are  applied  to  it ;  when  the 
picture  is  dry  it  is  put  near  the  fire,  whereby  the  wax  melts,  and  absorbs  all 
the  colours.  Several  improvements  in  the  art  of  encausting  painting  were 
proposed  b}r  Mr.  J.  H.  Muntz,  in  a  treatise  by  him  on  this  subject  When  the 
painting  is  in  cloth  he  directs  it  to  be  prepared  by  stretching  it  on  a  frame,  and 
rubbing  one  side  several  times  over  with  a  piece  of  bees'  wax,  or  virgin  wax, 
till  it  is  covered  with  a  coat  of  considerable  thickness.  In  fine  linen  this  is 
the  only  operation  necessary  previous  to  painting,  but  coarse  cloth  must  be 
fifently  rubbed  on  the  unwaxed  side  with  a  pumice  stone,  to  take  off  all  those 
Knots  which  would  prevent  the  free  and  accurate  working  of  the  pencil.  Then 
the  subject  is  to  be  painted  on  the  unwaxed  side  with  colours  prepared  and 
tempered  with  water;  and  when  the  picture  is  finished,  it  must  be  Drought  near 
the  fire,  that  the  wax  may  melt  and  fix  the  colours.  This  method,  however, 
can  only  be  applied  to  cloth,  paper,  or  other  substances  through  which  the  wax 
can  pass ;  but  m  wood,  stone,  metals,  or  plaster,  the  method  previously  described 
may  be  observed.  In  the  year  1787,  Miss  Greenland^  an  amateur  of  painting, 
communicated  to  the  Society  of  Arts  the  knowledge  of  this  art  which  she  had 
acquired  during  her  residence  at  Florence,  and  at  tne  same  time  made  a  present 
to  the  Society  of  a  picture  executed  by  herself  in  this  manner,  and  for  which 
the  Society  awardea  her  their  honorary  reward  of  a  gold  pallet  The  following 
are  her  instructions.  "  Take  an  ounce  of  white  wax,  and  the  same  weight  of 
gum  mastich,  powdered.  Put  the  wax  in  a  glazed  earthen  vessel  over  a  very 
slow  fire,  and  when  it  is  quite  dissolved  throw  in  the  mastich,  a  little  at  a  time, 
stirring  the  wax  continually  until  the  whole  quantity  of  gum  is  perfectly  melted 
and  incorporated ;  then  throw  the  paste  into  cold  water,  and  when  it  is  hard 
take  it  out  of  the  water,  wipe  it  dry,  and  beat  it  in  one  of  Mr.  Wedcfwood's 
mortars,  observing  to  pound  it  first  in  a  linen  doth,  to  absorb  some  drops  of 
water  that  will  remain  in  the  paste,  and  prevent  the  possibility  of  reducing  it  to 
a  powder,  which  must  be  so  fine  as  to  pass  through  a  thick  gauze.  It  snould 
be  pounded  in  a  cold  place,  and  but  a  httle  wliUe  at  a  time,  as  after  long  beating 
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the  iiietioii  will  in  a  degree  loften  the  wax  and  the  gum,  and  inetead  of  tiiehr 
beeoming  a  powder,  they  will  retam  to  a  paste.  Make  itrong  gum  arahie 
water,  and  wnen  vou  paint,  take  a  little  of  the  powder,  some  co&ur,  and  mix 
them  together  witn  the  gum  water.  Light  colours  require  hut  a  small  quantity  of 
the  powder,  but  more  of  it  must  be  put  in  proportion  to  the  body  and  darkness 
of  the  colours ;  and  to  black  there  must  be  almost  as  much  of  the  powder  as 
colour.  Having  mixed  the  colours,  and  no  more  than  can' be  used  before  they 
get  dry,  paint  with  fair  water,  as  is  practised  in  painting  with  water  colour^  a 
ground  on  the  wood  being  first  painted  of  some  proper  colour,  prepared  in  die 
same  manner  as  is  described  for  the  picture;  watnnt-tree  and  oak  are  the  sorts 
of  wood  commonly  made  use  of  in  Italy  for  this  purpose.  The  painting  should 
be  yery  highly  finished,  otherwise,  when  Tarnished,  the  tints  will  not  appear 
onited.  When  the  painting  is  quite  dry,  with  rather  a  hard  brush,  passmg  it 
one  way,  ▼amish  it  with  white  wax,  which  should  be  put  into  an  earthen  vessel 
and  kept  melted  oyer  a  very  slow  fire  till  the  picture  is  yamished,  taking  great 
care  that  die  wax  does  not  boil.  Afterwards  bold  the  pieture  before  &e  fire^ 
near  enoueh  to  melt  the  wax,  but  not  to  make  it  run ;  and  when  the  varnish  is 
entirely  cold  and  hard,  rub  it  gently  with  a  linen  doth.  Should  the  varnish 
blister,  warm  the  picture  agam  very  slowly,  and  the  bubbles  will  subside. 
When  the  picture  is  dirty,  it  need  only  be  washed  with  cold  water."  Almost 
all  the  colours  that  are  used  in  oil  painting  may  be  employed  in  the  en« 
caustic  method,  and  many  which  cannot  be  admitted  in  oil  painting,  as  red 
lead,  red  or  piment,  crystfus  of  verdigris,  and  red  precipitate  of  mercury,  may 
be  used  here.  The  crayons  used  in  encaustic  painting  are  the  same  with  those 
used  in  the  common  way  of  crayon  painting,  excepting  those  that  are  in  their 
composition  too  tenacious,  and  the  method  of  using  them  is  the  same  in  both 
cases.  The  encaustic  painting  has  many  peculiar  advantages;  though  the 
colours  have  not  the  natural  varnish  or  shining  they  acquire  with  oil,  they  have 
all  the  strength  of  painting  in  oil,  and  all  the  airiness  of  water  colours,  without 
partaking  of  the  apparent  character  or  defects  of  either;  they  may  be  looked 
at  in  any  light,  and  in  any  situation,  without  any  false  ^lare ;  the  colours  are 
firm,  and  wul  bear  washing ;  and  a  picture  after  having  been  smoked  and  then 
exposed  to  the  dew,  becomes  as  clean  as  if  it  had  just  been  painted.  In 
retouching  the  new  colours  unite  with  the  old  ones. 

ENCHASING,  or  Chasino.  The  art  of  enriching  and  beautiiying  ^Id, 
silver,  and  other  metal  work,  by  some  design  or  figures  represented  thereon  in 
low  relievo.  It  is  practised  only  on  hollow  thin  works^  as  watch  cases,  &c., 
and  is  performed  by  punching  or  driving  out  the  metal  fi'om  the  under  side, 
so  as  to  stand  out  prominent  firom  the  plane  or  surface  of  the  metal.  In  order 
to  effect  this,  a  number  of  steel  blocks  or  puncheons  are  provided  of  difierent 
■iaes,  and  the  design  beine  drawn  upon  the  surface  of  the  metal,  the  workman 
applies  the  inside  upon  Uie  heads  or  tops  of  these  blocks  directly  under  the 
lines  or  parts  of  the  figures ;  then  with  a  fine  hammer  striking  on  the  metal 
Bustaineo  by  the  block,  the  metal  yields  and  the  block  makes  an  indenture  or 
cavity  on  the  inside,  corresponding  to  which  there  is  a  prominence  on  the  out- 
side, which  is  to  stand  for  that  part  of  the  fi^ire,  and  by  successive  applications 
of  the  hammer  to  the  various  piffts  of  the  design,  the  whole  figure  is  brought  out 
with  a  precision  and  effect  which  it  seems  almost  impossible  to  produce  by  such 
simple  means. 

ENGINE,  among  practical  men,  is  a  term  used  synonymously  with  machine ; 
but  some  eminent  wnters  on  Mechanics  affect  to  distinguish  it  as  designating 
more  complicated  structures  than  ordinary  machines,  notwithstanding  which 
discrimination,  these  same  writers  define  a  cannon,  which  consists  essentially 
of  only  one  piece  or  part,  as  an  engine ;  and  a  jacquard  loom,  which  essentially 
consists  of  several  hundred  parts,  as  a  machine  I 

ENGRAVING.  The  art  of  producing  figures  or  designs  upon  metals, 
stone,  wood,  and  various  other  substances,  by  means  of  lines  cut  upon  the  sur- 
face. In  this  extensive  sense  of  the  term,  the  art  is  doubtless  of  very  great 
antiquity,  repeated  mention  being  made  in  Scripture  of  seals,  signets,  and  otfaei 
works  of  the  graver ;  but  the  word  usually  signifies  the  art  of  producing 
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deognt  ai  above  for  the  Durpoee  of  being  labfequently  printed  upon  paper, 
which  coptea  are  also  catted  cngraYinga ;  and  in  this  aenae  of  the  term  tne  art 
does  not  appear  to  have  been  known  or  practiied  in  Europe  until  the  middle  of 
the  fifteenth  century.  In  the  present  day  it  is  held  in  very  great  esteem^  and 
is  very  eztensivdy  practised,  it  may  be  divided  into  two  branches,  according 
to  the  substances  upon  which  the  design  is  engraved^  which  is  generally  eitlier 
metal  or  wood,  although  glass  and  other  substances  have  been  occasionally  em- 
ployed. Of  the  metfllB,  copper  hasi  untU  within  these  few  yeaiSi  been  almost 
exclusively  chosen  for  enffraving,  on  account  of  its  ductility,  evenness  of  tex- 
ture, and  the  softness  and  delicacy  of  the  tints  which  may  be  produced  upon  it ; 
bnt  latterly,  steel  plates  have  been  veiy  extensively  employed  for  this  purpose, 
and  althol^^  the  engravings  thus  produced  are  perhaps  somewhat  in&rior  in 
softness  to  those  obtained  ftom  copper,  a  very  nigh  pitch  of  excellence  has 
been  attained,  and  in  point  of  durability  the  copper-plates  will  bear  no  com- 
parison with  steeV-platM.  Engraving  on  copper  is  performed  in  various  styles, 
the  principal  of  which  are,  line  engravinc^  mezzotinto,  etching,  and  aquatinta. 

Lme  JBngramna  is  considered  as  the  highest  department  of  the  ,art,  and  is 
always  employed  in  the  illustration  of  historicid  subjects.  In  tlus  style  of 
enc;raving  the  lines  are  all  cut  upon  the  copper  by  means  of  an  instrument 
caUed  a  graver,  the  roughness  being  removed  by  a  triangular  steel  instrument 
called  a  scnmer.  To  trace  the  design  upon  the  plate  (which  for  every  style  of 
engraving  should  be  of  the  best  copper  well  planished  and  burnished),  it  is 
usual  to  heat  the  plate  sufficiently  to  melt  white  wax,  with  which  it  must  be 
covered  equaUy  with  a  thin  film,  and  then  suffered  to  cool ;  the  drawing  is 
copied  in  outline  with  a  black  lead  pencil  on  paper,  which  is  Uien  laid  with  the 
pendlled  side  upon  the  wax,  and  the  back  rubbed  gently  with  a  burnisher, 
which  will  transifer  the  lead  to  the  wax.  The  design  is  then  traced  with  an 
etching  needle  through  the  wax  on  the  copper,  when  on  wiping  it  clean  it  will 
exhibit  all  the  outlines  raadv  for  the  engraver. 

Maaotinto  Engraving  differs  entirely  from  the  manner  above  described,  and 
is  chiefly  employed  for  portraits  and  imitations  of  Indian  ink  drawings.  The 
mode  of  proceeding  is  as  follows :— the  plate  is  prepared  by  scratching  it 
equallv  in  every  dinction  with  a  tool  caUed  a  grounding  tool,  so  as  to  remove 
entirely  the  polish  from  the  surface,  which  is  thus  converted  into  a  chaos  of 
intersections,  which,  if  covered  with  ink  and  printed,  would  present  a  perfectlpr 
black  impression  upon  the  paper.  To  transler  the  design  to  be  scraped,  it  m 
usual  to  rub  the  rough  side  of  the  plate  with  a  rag  dipped  into  the  scrapings  of 
black  chalk,  or  to  smoke  it  with  a  burning  wax  taper,  as  in  the  procesa  of 
etching.  The  back  of  the  desien  is  then  covered  with  a  mixture  of  powdered 
red  chalk  and  flake  white,  and  laid  on  the  plate,  and  the  outline  of  the  design 
being  li^tly  traced  with  a  blunt  point,  the  red  particles  at  the  back  are  thus 
transferred  to  the  black  ground  of  the  plate  in  the  form  of  a  corresponding 
outline ;  the  process  must  then  be  carried  on  with  a  scraper,  by  restoring  the 
plate  in  the  perfectly  light  parts  of  the  intended  print  to  a  smooUi  suriace,  from 
which  the  gradations  are  preserved  by  scraping  off  more  or  less  of  the  rough 
ground,  but  the  burnisher  is  necessary  to  polisli  the  extreme  edges  of  drapeiy, 
<kc.,  when  the  free  touch  of  the  brush  in  painting  represents  a  brilliant  spot  of 
light  The  deepest  shades  are  sometimes  etched  and  corroded  by  aquafortis, 
and  so  blended  with  the  mezzotinto  ground  added  afterwards,  that  there  is 
nothing  offensive  to  the  eye  in  the  combination.  Many  proofe  are  required  to 
ascertain  whether  the  scraping  approaches  the  desired  effect,  which  is  done  by 
touching  the  deficient  parts  with  White  or  black  chalk  on  one  of  the  proofs,  and 
then  endeavouring  to  make  the  plate  similar  by  further  scraping,  or  by  relay- 
ing the  ground  with  a  small  tool  made  for  this  particular  purpose,  where  too 
much  of  the  roughness  has  been  effaced. 

A  third  method  of  engraving  consists  in  conoding  the  various  lines  by 
means  of  aquafortis,  the  remaining  parts  of  the  {^te  being  defended  firom  the 
action  of  the  acid  by  being  covered  with  a  thin  stratum  of  a  composition  which 
resists  its  effects.  This  method  is  termed  etching,  and  is  employed  both  for 
preparing  the  outline  in  other  styles  of  engraving,  and  also  for  mling  in  and 
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completing  a  plctiiK ;  and  tbe  printi  to  prodooed  reMmUe  pen  and  ink  draw- 
ingf.  This  fArle  Is  difdngmsbed  for  the  inimitahlf  ipirit  and  fteedum  of  which 
it  admits.  Tne  first  stage  of  the  process  is  the  preparation  of  the  plate^  hj 
corering  it  with  a  thin  even  fihn  of  the  compositioo  or  grotrnd^  as  it  is  termed, 
which  is  to  protect  it  firom  the  acid.  This  ground  is  a  combination  of  aspbalfeam, 
gum  masticb,  and  virgin  wax,  melted  over  a  fire  in  an  iron  pot.  A  piece  of 
this  ground  is  tied  on  a  piece  of  lostrins^  for  use^  and  another  piece  ci*  silk  is 
made  into  a  dabber  by  tying  a  quanti^  of  cotton  wool  in  it.  The  copper^plate^ 
secured  at  one  comer  by  a  band  vice,  is  to  be  hdd  oyer  a  charcoal  fire,  and  the 
silk  containing  the  mund  rubbed  over  untfl  erery  part  is  covered  bv  the  melted 
composition ;  and  before  it  cools,  the  silk  dabber  is  apfdied  in  ah  directions, 
until  tbe  sur&ce  of  the  plate  is  thinly  and  equally  Tamisbed.  When  this  is 
completed,  several  lengths  of  wax  taper  twisted  together  are  to  be  lighted,  and 
the  plate  being  held  in  the  left  hand  by  tbe  yice,  the  richt  holding  the  wax 
taper,  is  to  be  waved  gently  to  and  fro  under  the  gronno,  carefully  avoiding 
touching  it  with  the  wick,  yet  causing  the  flame  to  spread  smoothly  over  the 
surface,  which  will  render  it  perfecUy  black,  smooth,  and  shining  in  a  short 
time.  The  next  object  is  to  transfer  the  design  to  the  ground,  which  may  be 
done  either  by  makmg  a  tracing  with  a  black  lead  pendl,  or  with  vermuion, 
upon  thin  paper,  and  applying  it  carefully  to  the  plate,  pass  the  plate  through  a 
rolling-press ;  or  the  back  of  the  design  may  be  rubbed  with  red  chalk  and  fas- 
tened to  the  plate  at  the  comers,  and  the  outline  then  gone  carefully  over  with 
a  blunt  tracer.  The  outline  thus  prepared  is  then  gone  over  with  an  etching 
needle,  which  cuts  through  the  ground ;  but  particular  care  must  be  taken  that 
the  point  of  the  needle,  Uiough  taper,  be  rounded,  so  as  to  avoid  the  possibility 
of  its  tearing  the  surface  of  the  copper,  which  would  prevent  tbe  progress  of  the 
point,  and  rain  the  plate  when  bitten.  The  different  shades  and  tints  are  then 
worked  up  by  the  needle,  the  arrangement  of  the  lines  of  which  they  are  com- 
posed depending  entirely  upon  the  taste  and  judgment  of  the  artist.  When 
the  etching  is  completed,  the  edges  of  the  plate  are  surrounded  by  a  high 
border  of  wax,  so  well  secured  that  water  will  not  penetrate  between  it  and  the 
plate.  Tlie  best  spirits  of  nitre  must  then  be  diluted  with  water,  in  the  pro- 
portion of  one  part  of  the  former  to  four  of  the  latter,  and  poured  upon  the 
plate.  In  a  short  time  numerous  small  air  bubbles  collect  over  every  Une 
traced  by  the  needle  through  the  ground ;  these  bubbles  are  caused  by  the 
action  of  the  acid  upon  the  copper,  and  must  be  removed  with  a  feather.  When 
it  is  judged  that  the  lighter  tints  are  sufficiently  corroded,  the  acid  is  poured  off 
the  plate,  which  is  then  washed,  suffered  to  dry,  and  the  light  parts  stopped 
out,  as  it  is  termed,  that  is,  covered  with  a  composition  of  turpentine,  varnish, 
and  lamp  black,  diluted  so  as  to  be  used  freely  with  a  camers-hdr  pencil ;  this 
prevents  the  aquafortis  from  touching  these  piffts  again.  After  this  the  acid  b 
again  applied  until  the  next  depth  of  tint  is  obtained,  which  parts  are  in  their  turn 
stopped  out ;  and  thus  the  process  continues,  alternately  biting  in  and  stopping 
out,  until  every  gradation  of  tint  is  obtained.  The  ground  is  then  removed  by 
covering  the-  plate  with  olive  oil,  heating  it,  and  then  wiping  it  widi  a  pieca  of 
old  linen  dipped  in  spirit  of  turpentine,  which  effectually  removes  all  remaining 
dirt  If  upon  proving  the  plate,  any  part  should  be  found  not  sufficiently  cor- 
roded, it  must  be  rebitten,  which  is  effected  by  applying  the  ground  so  care- 
ftillv  as  not  to  fill  in  the  lines,  but  merely  to  protect  the  surface  of  the  plate; 
and  then  raising  a  border  of  wax  round  the  parts  to  be  rebitten,  apply  the  acid 
as  before.  When  the  operations  of  etching  and  rebiting  are  entirely  finished, 
nothing  remains  to  be  aone  but  to  examine  the  plate  attentively,  and  improve 
it  with  the  graver  and  dry  point. 

The  last  style  of  copper-plate  engraving  which  we  shall  notice  is  the  aqua- 
tinta.  The  prints  from  an  aqua-tinted  plate  greatly  resemble  a  neatly-tinted 
Indian  ink  drawing.  This  effect  is  produced  by  coverins  the  plate  with  a 
thin  coating  of  various  substances  fmely  granulated,  which  defend  it  from 
the  acid  where  they  cover  it,  whilst  the  interstices  amongst  the  particles  or 
grains  are  corroded.  The  first  step  is  to  lay  an  etching  ground,  and  to  bite  in 
Ughtly  the  outline,  after  which  the  plate  is  cleaned  and  polished  with  whiting, 
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previous  to  laying  the  grain.  The  bett  mode  of  laying  the  grab  is  as  follows : 
common  resin,  gum  mastich,  or  Burgundy  pitch,  is  diraolved  in  highly  rectified 
spirits  of  wine  of  the  best  quality ;  each  of  these  substances  produce  a  different 
description  of  grain,  of  which  that  from  resin  is  the  coarsest ;  but  they  may  be 
mixed  in  such  proportions  as  the  artist  prefers,  who,  to  satisfy  himself  on  this 
point,  should  try  the  grain  of  each  proportion  on  useless  slips  of  copper.  Having 
obtained  a  solution  to  his  mind,  it  must  remain  undisturbed  until  every  impure 
particle  has  subsided,  when  it  is  poured  upon  the  plate,  which  ,is  held  slightly 
slanting,  until  the  most  fluid  parts  run  ofif,  after  wnich  it  is  laid  to  dry,  in  the 
process  of  which  the  resin  granulates,  and  adheres  firmly  to  the  surface.  The 
gram  being  thus  laid,  the  various  tints  are  obtained  by  biting  in  and  stopping 
out,  as  in  etching. 

Another  style  of  engraving  has  been  introduced  within  these  few  years,  called 
machine  engratjing  or  ruUnQf  m  which  the  lines  are  ruled  with  a  diamond  point 
on  an  etching  ground,  hy  means  of  a  machine  invented  for  the  purpose  by  the 
celebrated  Lowrie.  This  machine  is  capable  of  producing  lines  straight  or 
waved,  and  either  parallel  or  converging  to  any  given  point,  as  also  parabolas, 
hyperbolas,  and  most  other  geometrical  curves  and  circles  varying  from  a  point 
to  a  five-feet  radius.  The  lines  thus  ruled  are  afterwards  bitten  in,  in  the  usual 
manner,  as  in  ordinanr  etching.  This  style  is  now  universally  employed  for 
architectural  and  mecnanical  subjects,  as  also  for  putting  in  the  buildings  and 
skies  in  the  works  of  line  engravers. 

Steel  Engraving,  as  we  have  already  said,  is  extensively  employed  in  the 
illustration  of  works  of  which  very  large  editions  are  printed,  on  account  of  the 
durability  of  the  steel  plates,  which  is  so  great,  that  artists*  proofr  have 
sometimes  been  taken  after  20,000  impressions  have  been  thrown  off,  whereas 
a  copper-plate  will  generally  require  touching  after  1500  or  2000  impressions. 
But  before  steel  can  be  cut  by  the  graver  it  requires  to  be  softened,  by  aepriving 
it  of  a  portion  of  its  carbon,  which  is  effected  by  imbedding  the  steel  to  the 
depth  of  half  an  inch  on  all  sides  in  a  bed  of  pure  iron  filings,  contained  in  a 
cast  iron  box  with  a  well  closed  lid.  In  Uiis  box  the  steel  is  to  be  exposed 
for  four  hours  to  a  white  heat,  after  which  it  is  to  be  suffered  to  cool  very 
slowly,  which  is  best  effected  by  shutting  off  all  access  of  air  to  the  furnace, 
and  covering  the  box  with  a  layer  of  fine  cinders  to  the  depth  of  six  or  seven 
inches.  After  the  steel  plate  has  been  engraved,  (which  engraving  may  be  in 
any  of  the  styles  practised  on  copper,)  it  requires  to  be  hardened  or  reconverted 
into  steel,  which  is  effected  by  the  following  process :  a  suitable  quantity  of 
leather  is  reduced  to  charcoal,  by  ex])osinff  it  to  a  red  heat  in  an  iron  retort  for 
a  sufficient  length  of  time ;  a  cast  iron  box,  whose  cavity  is  about  an  inch 
greater  than  the  thickness  of  the  steel  plate,  ^is  then  to  be  filled  with  this 
charcoal  reduced  to  a  fine  powder,  and  bemg  covered  with  a  well-fitted  lid,  it 
is  to  be  exposed  to  a  heat  somewhat  above  a  red  heat,  until  all  the  volatile  or 
evaporable  parts  are  driven  off  from  the  charcoal.  .  The  lid  is  then  removed, 
and  the  plate  immersed  in  the  charcoal,  as  nearly  as  possible  in  the  middle,  so 
as  to  surround  it  on  all  sides  with  a  stratum  of  imiform  thickness.  The  lid 
being  replaced,  th^  box  must  remain  in  the  degree  of  heat  before  described, 
from  three  to  five  hours,  according  to  the  thickness  of  the  plate.  After 
remaining  in  the  fire  the  requisite  time,  the  plate  is  taken  from  the  box  and 
plunged  unmediately  into  cold  water,  flrom  wnich  it  must  be  withdrawn  before 
the  hissing  noise  has  ceased ;  but  the  precise  point  for  this  cannot  be  explained 
in  words,  and  can  only  be  learned  by  actual  observation.  The  plate  is  then  to 
be  immediately  laid  over  a  fire,  until  its  temperature  is  raised  to  that  degree 
that  smoke  would  arise  upon  rubbing  the  surface  with  tallow,  when  it  must  be 
again  plunged  into  water,  where  it  remains  until  the  hissing  sound  becomes 
somewhat  weaker  than  before.  The  process  of  heating  and  cooling  is  then  to 
be  twice  repeated,  after  which,  the  surface  of  the  plate  is  to  be  cleaned,  and 
the  temper  finally  reduced  by  heating  it  over  a  fire,  until  it  acquires  such  a 
shade  of  colour  as  denotes  that  the  steel  is  of  the  fit  quality  for  the  required 
purpose.  For  the  process  above  described  for  softening  and  then  rehardening 
steel  plates,  we  are  indebted  to  Mr.  Perkins,  it  constituting  an  important  branch 
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of  m  Bit  faiwnted  by  that  gentieman,  and  to  which  he  has  given  (he  name  of 
Siderographia.  By  means  of  this  truly  wonderful  invention,  not  only  are  en* 
glared  steel  plates  obtained,  whose  durability  is  unknown,  (since  Mr.  Perkins 
states  that  he  has  taken  500,000  impressions  from  one  plate,^  but  a  plate  being 
engraved,  other  plates  may  be  produced  from  it,  which  shall  be  fac  similes  of 
the  original.  The  method  by  which  this  astonishing  effect  is  obtained  is  as 
follows :  A  steel  plate  is  engraved  or  etched  in  the  usual  way ;  it  is  then  har- 
dened. A  cylinder  of  very  soft  steel,  of  from  two  to  three  inches  diameter,  is 
then  made  ^to  roll  backwards  and  forwards  on  the  surface  of  the  steel  plate, 
untfl  the  whole  of  tlie  impression  from  the  engraving  is  seen  on  the  cylinder  in 
relievo ;  after  thb  cylinder  has  been  hardened  it  is  made  to  roll  back  wards  and 
forwards  on  a  copper  or  soft  steel  plate,  and  a  perfect  fac  simile  of  tlie  original 
is  produced  of  equal  sharpness,  but  not  only  is  perfect  identity  thus  obtamed, 
but  the  two  styles  of  work,  viz.  copper-plate  printing  and  letter-press  may  be 
beautiftilly  combined,  by  means  of  the  process  of  transferring  and  retransferring. 
This  invention  is  admirably  adapted  to  the  prevention  of  forging  bank  notes,  as 
by  this  means  several  first  rate  artists  ma^  oe  employed  at  one  time  to  produce 
portions  of  a  plate  in  detached  parts,  which  may  afterwards  be  combined  and 
arranged  in  any  order  to  produce  a  single  plate,  and  before  the  note  could  be 
imitated  by  forgers  it  may  he  called  in  and  a  new  note  issued,  consisting  of  the 
same  parts  difierently  arranged;  the  principle,  also,  offers  various  other  modes 
of  defeating  attempts  at  imitation.  The  invention  has  accordingly  been  very 
extensively  patronized  by  the  banks  in  America  from  its  outset ;  and  at  the 

S resent  time  the  notes  of  most  of  the  provincial  banks  in  this  country  are  pro- 
uced  by  this  process,  some  of  them  presenting  the  most  beauiiful  specimens 
of  the  art  of  engraving  ever  wimessed.  The  rank  of  England,  however,  for 
reasons  which  are  variously  stated,  has  declined  availing  itseu  of  the  advantages 
which  the  plan 'holds  out,  and  after  going  io  an  expense  of  more  than  30,000iL 
in  endeavouring  to  improve  the  quiuity  of  its  notes,  and  to  render  them  more 
difficult  of  imitation,  still  continues  to  issue  the  same  wretched  description  of  notes 
as  have  been  so  extensively  and.  successftiUy  counterfeited  for  many  years  past. 
Wood  Engrtnma  is  a  process  which  is  the  reverse  of  copper-nlate  engraving, 
for  in  the  latter,  tne  incisions  made  in  the  metal  receive  the  ina  and  print  the 
design,  while  in  the  former,  the  raised  parts  form  the  design,  receive  the  ink, 
and  transfer  the  subject  to  the  paper.  Accordingly,  in  engraving  a  block  of 
wood,  the  subject  of  which  is  to  oe  represented  by  Uack  lines,  idl  those  parts  of 
the  space  occupied  by  the  design,  which  are  not  drawn  upon,  are  entirely  cut 
away,  whilst  aU  the  permanent  lines  of  the  drawing  are  left 
untouched  by  the  graver,  as  shown  in  the  subjoined  profile 
sketch  of  a  face.  In  work  of  this  kind  it  is  obvious  that  Uie 
engraver  can  easily  produce  a  perfect  fac-simile  of  the  artist's 
drawing ;  in  fact,  his  manual  skill  only  is  exercised  to  leave 
the  lines  of  the  design  untouched,  by  carefully  cutting  away 
all  the  wood,  and  so  deep  that  no  other  part  of  ^e  block 
shall  take  the  printer's  ink  from  the  dabber  or  roller,  and 
that  the  paper  m  printing  shall  not  reach  the  sunken  parts.  ^ 

The  process  of  clearing  away  the  wood  without  dama^^  ^ 

the  Imes  of  the  drawing,  is,  of  course,  a  nice  operation ; 
nevertheless,  a  learner  in  the  space  of  two  or  three  months 
acqunres  such  dexteriW  with  his  little  tools,  that  he  cuts  away  nearly  as  £ut  as 
he  can  move  his  hand  or  fingers.  Before,  however,  the  engraver  commences 
to  ''clear  out"  his  work  he  "outlines  it,"  which  consists  in  carefully  running  a 
Yoy  sharp  narrow-pointed  graver  along  both  sides  of  the  lines  of  the  drawing ; 
this  insures  more  accuracy  and  clearness  in  the  subsequent  operation,  and  to 
prevent  the  back  of  the  graver  from  injurina^  the  lines  of  the  design,  ihe  engraver 
occasionally  in  difficult  parts  defends  the  lines  by  covering  them  with  a  thin 
piece  of  metal,  which  he  holds  down  upon  the  work  with  £e  fingers  of  his  lefi 
hand. 

A  much  easier,  and  therefore  cheaper  mode  of  engraving  on  wood,  is  to  make 
white  linea  on  a  black  ground,  as  represented  in  the  engraving  on  the  next  page. 
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to  the  readei 


In  tliu  OH  the  block  of  woi>d  ii  )uppoMd,  m  in  the  (bnner  eate,  to  have  the 

profile  drawn  upon  it,  but  instead  of  leaving  the  artiiC's  lines  upon  the  wood,  he 

euti  them  s«ra;  alon»,  leavine  the  real  of  the  wood  the  same 

trne  plane  it  was  before.     The  latter,  therefore,  receivel  the   I 

mk,  and  deliven  it  upon  the  paper,  while  the  bcisiaas,  taking   | 

up  no  ink,  leave  their  traces  like  white  linei  upon  the  paper. 

liiis  mode  of  engraving  on  wood  is,  therGfarr,  analogous  to 

that  upon  copper  plates,  but  the  inking  is  difierent;  as  in  the 

Utter  case  the  ink  is  rubbed  into  the  lines  or  incisiani,  leaving   I 

the  surface  clean,  and  therefore  the  lines  only  of  the  copper 

plate  are  iraprinled.      The  taste  of  a  wood  engraver  ii  most   I 

exercised  in  softening  the  shsdawa  and  graduating  the  lights 

of  his  stibjecL  A  consideratiou  of  the  fi^awing  sketch  will  explai: 

the  principle  upon  which  the  engraver  works.     In  the  upper  figure  the  strong 

light  upon  the  top  of  it  is  produced  by  first  cutting 

down  in  mass  the  upper  surface  at  that  part,  by  shelving 

at  inclining  the  sides  to  the  cavity  made,  lo  that  when 

the  parailelitraight  line*  or  tint  is  cut,  their  extremities 

become  so  extremely  fine  and  tapering,  that  they  can 

•earcely  receive  or  dehver  any  ink,  by  their  being  sunk 

below  the  |dane  of  the  other  part*.    In  the  distance  it  \^ 

will  be  noticed  that  the  lines  are  very  near  togeUter,  ^ 

lo  give  the  effect  of  distance,  while  those  in  front  are 

•omparatively  wide  apart,  to  give  the  effect  of  nearness.     These  different  spaces 

are  produced  by  gravers  of  different  breadths  of  pobt.     For  this  purpose  the 

engraver  provides  himself  with  six  or  eight  tinting  graven,  which  he  numbers 

Grom  1  to  6  or  8,  taking  them  up  and  channng  them  in  his  work  as  the  subject 

requires.    In  the  figure  underneath,  it  will  be  seen  that  a  strong  light  and  a  vtrj 

deep  shadow  are  brought  very  near  together,  but  without  offending  the  eye  by 

too  great  abruptness.     This  is  effected  by  continuinr  the  white  lines  of  the 

light  part  by  lines  of  diminished  thickness  over  the  black  or  solid  part,  with  a 

fine  graver.     A  very  dose  imitation  of  copper  engraving  maj  be  made  upon 

wood,  so  as  to  have  great  force  and  clearness  in  some  kind  of  mibjects,  but  can 

only  be  afforded  by  Ine  engraver  when  he  ia  duly  paid  for  the  great  extra  labour 

attending  it.  This  coniiats  in  crossing  the  lines  in  the  manner  shown  by  a  little 

bit  at  a,  10  the  bottom  comer  of  the  preceding  figure.     The  diamontt-ahapcd 

pieces  are  every  oiw  picked  oat  by  the  graver,  and  theae,  in  some  fine  wood 


~ir 


ngravinga,  are  extremely  minute;  nevertheless,  the  lines,  however  fine,  are 
•A  clear  and  unbroken.     To  show  the  freedom,  ease,  rapidjtj-,  and  consequent 


eheapneu  with  which  whi 

npon  a  black  ground,  we 

illustrated  cut,   whiah  was  executed   by  an 

engraver  in  the  space  of  three  or  four  minutes,     iue 

wirad  made  use  of  is  mostly  box,  the  best  of  which 

comes   from   Turkey.     The   tree   ia   cut  into  slices 

transversely  to  the  grain,  and  then  rendered  lo  a  true 

plane  and  smoothed.     On  this  fine  compact  surface 

Uie  subject  ia  drawn,  either  with  black  lead  pencil  or 

with  Indian  ink ;  but  the  latter  is  preferable  (except  for 

works  of  high  finish),  as  it  is  not  so  liable  to  be  effaced  | 

during  the  process  of  engraving. 

on  wood  is  coeval  with  the  art  of  printing,  in  iiurope, 

Ae  earliest  books  being  printed  &om  wooden  bloclu,  each  block  comprisiDg  a 

page,  as  is  the  method  at  the  present  day  in  China,  in  which  country  the  itrt. 

It  II  said,  has  been  practised  so  far  back  as  the  christian  era.    After  flourishing 

for  a  time  in  Europe,  the  art  seems  to  have  fallen  into  neglect,  from  which  it 

was  first  rescued  ui  England  by  the  celebrated  Bewick,  since  whose  time  it  has 

rissn  gradually  in  repute  and  eminence,  and  now  occupies  a  respectable  station 

amongst  the  fine  arts.     The  guperi( 

fTaat  durability  of  the  blocks,  but  i 


le  arts.     The  superior  utility  of  wood  engraving  consists  ii 
'''""''  '        'c  especially  in  the  peculiar  advantage  it 
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poMMMt  of  nmging  with  tvpe,  and  beiiig  nrinted  with  it;  which  tendoB  it 
particularly  adapted  for  the  iUuatratioii  of  mataematical  and  mechanical  aubjecti^ 
ai  the  neceasaiy  diagrami  and  figures  can  be  introduced  in  the  body  of  the 
letter  press,  wherever  it  is  most  convenient  for  the  elucidation  of  the  subject 
The  blocks  ma^  likewise  be  stereotyped  along  with  the  type,  as  is  now  very 
generally  practised  with  standard  works. 

ENTABLATURE,  in  Architecture,  is  that  part  of  an  order  of  a  column 
over  the  capital ;  and  comprehends  the  architrave,  friexe,  and  cornice.  Mr. 
Nicholson,  author  of  The  New  Practical  Builder,  says,  "  In  buildings  upon 
magnificent  scales,  projections,  similar  to  the  entablatures  just  mentioned,  are 
carried  round  Uie  eoifices,  and,  where  the  expenses  are  limited,  along  the  finont 
only :  these  projections  are  also  termed  entablaiurei"  In  this  sense  the  term 
is  aj^plied  by  engineers  to  similar  parts  of  the  framing  of  machinery  wherein 
architectural  designs  are  introduced. 

EPICYCLOID,  in  Geometry,  a  curve  generated  by  a  point  in  one  circle, 
which  revolves  about  the  circumference  of  another  cirde.  They  are  distin- 
guished into  exterior  and  interior  epicycloids.  An  exterior  epicycloid  is  formed 
by  revolution  of  a  generating  circle  upon  the  convexity  of  the  quiescent  circle ; 
and  an  interior  epicycloid  is  formed  by  its  revidutioa  along  the  concavity  of  the 
ouiescent  circle.  A  curious  property  of  the  latter  descriotion  of  epicycloid  iS| 
tnat  when  the  diameter  of  the  generating  circle  is  eoual  to  the  radius  of  the 
quiescent  circle,  the  epicycloid  described  is  a  right  hne  equal  and  coincident 
with  the  diameter  of  the  latter.  Mr.  Murray,  of  Leeds,  applied  thb  property 
to  obtain  a  rotatory  motion  of  the  fly-wheel  of  a  steam  engine  directly  from 
the  piston  rod,  without  the  interventicm  of  a  connecting  rod.  Epicydoids  have 
been  recommended  by  many  eminent  mathematicians  as  the  best  curve  for  the 
teeth  of  wheels ;  but  in  practice  they  are  usually  formed  of  circular  arcs,  as 
these  work  very  well,  .and  are  easier  of  constraction. 

EQUATIOIm  ,  in  Algebra,  is  an  expression  in  which  two  quantities,  differently 
represented,  are  put  equal  to  each  other  by  means  of  the  sign  =  placed  between 
them,  as  d  a  6ss  d. 

EQUILIBRIUM,  in  Mechanics,  signifies  an  eiquality  of  forces  in  oppoaite 
directions,  whereby  the  body  remains  at  rest,  or  in  equilibrio ;  in  whicn  state 
the  least  additional  force  bemg  applied  on  either  side,  motion  will  ensue. 

EQUIVALENTS,  Chbmicai..  A  term  happaly  introduced  into  chemistry 
by  Dr.  Wollaston,  to  express  the  system  of  definite  ratios  in  which  the  corpus* 
cular  objects  of  this  science  combine,  referred  to  a  common  standard  of  unity. 
The  two  grand  laws  of  chemical  combination  are,  1st,  The  general  reciprocity 
of  the  saturating  proportions ;  and  2d,  The  definite  proportions  in  which  bodies 
combine;  and  if  any  substances  are  capable  of  combining  in  more  than  one 
proportion,  such  combinations  are  always  multiples,  or  submultiples  of  one  of  the 
proportions.  The  first  of  these  laws  was  discovered  by  Richter,  in  1792,  who 
mferred  it  firom  the  remarkable  and  well  established  fact  that  two  neutral  aalts^ 
in  mutually  decomposing  each  other,  give  birth  to  two  new  saline  compounds, 
always  perfectly  neutral.  Thus  sulphate  of  soda  being  added  to  muriate  of 
lime,  will  produce  perfectly  neutral  sulphate  of  lime  and  muriate  of  soda. 
From  this  he  concluded  that  the  quantities  of  two  alkaline  bases  adequate  to 
neutralize  equal  weights  of  any  one  acid,  are  proportional  to  the  quantities  of 
the  same  bases  requisite  to  neutralize  every  otner  add.  For  example :  6  parts 
of  potash,  or  4  of  soda,  neutralize  5  of  sulphuric  acid ;  and  4.4  of  potash  nei»- 
tralize  5  of  nitric  add.  Therefore  to  find  the  quantity  of  soda  equivalent 
to  the  saturation  of  this  quantity  of  nitric  acid,  ^e  need  not  make  any  experi- 
ment, but  merely  compute  it  by  the  proportional  rule  of  Richter.  Thus — aa 
0  :  4.4  : :  2.93,  the  weight  of  soda  required  to  saturate  5  parts  of  nitric  acid ; 
and  Uiis  proportion  of  6  to  4,  or  3  to  2,  will  pervade  all  the  posnUe  saline 
combinations  of  these  bases,  so  that  it  will  require  only  two  parts  of  soda  to 
saturate  as  great  a  quantity  of  any  add  aa  could  be  saturated  by  three  parts  of 
potash.  The  doctrine  that  bodies  combine  chemically  in  certain  definite  vn^ 
portions,  was  first  promulgated  by  Dr.  Humns^  in  his  Comparative  View  qftk» 
Phloffittic  and  Antiphlogietie  7%«ory,  published  in  1789.    This  doctrine  was 
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sulMequently  maintained  by  Mr.  Dalton,  in  his  New  Syttem  of  Chemieal  PhUoBophjf^ 
first  framed  about  the  year  1803,  and  published  in  1808.  In  this  work  Mr. 
Dalton  fully  establishes  the  proposition  that  bodies  do  not  combine  in  all  pro- 
portions, as  Berthollet  maintained,  but  that  the  different  coi^pounds  of  the  same 
principles  proceed  in  successive  proportions,  each  a  multiple  of  the  first  Thia 
proposition  has  been  further  illustrated  and  confirmed  by  the  researches  and 
reasonings  of  the  most  eminent  chemical  philosophers,  and  is  now  universally 
admitted  to  be  true.  In  the  first  j^rt  of  the  PhUoaophieal  TramaeHaiu,  appeared 
Dr.  Wollaston'a  description  of  his  scale  of  chemical  equivalents ;  an  invention 
which  has  contributea  more  to  facilitate  the  general  study  and  practice  of 
chemistry,  than  any  other  invention  of  man.  Thia  singularly  useful  con- 
trivance consists  of  a  flat  ruler,  about  2  inches  wide  and  1 8  inches  long,  on 
which  a  list  of  substances  are  arranged  on  one  or  other  side  of  a  logariUimic 
line  of  numbers,  in  the  order  of  their  relative  weights,  and  at  such  distances 
from  each  other  that  the  series  of  numbers  placed  on  a  sliding  scale  can  at 
pleasure  be  moved,  so  that  any  number  expressing  the  weight  of  a  compound 
may  be  brought  to  correspond  with  die  place  of  that  compound  in  the  a4)acent 
column.  The  arrangement  is  then  sucn,  that  the  weight  of  any  ingredient  in 
its  composition,  of  any  reagent  to  be  employed,  or  precipitate  that  might  be 
obtained  in  its  anaJvsis,  will  be  found  opposite  the  pomt  at  which  its  respective 
name  is  placed,  xor  example : — If  the  slider  be  drawn  upwards  till  100  cor- 
responds with  muriate  of  soda,  the  scale  will  then  show  how  much  of  each 
substance  contained  in  the  table  is  equivalent  to  100  of  common  salt.  It 
shows  with  regard  to  the  different  views  of  this  salt,  that  it  contains  46.6  dry 
muriatic  acid,  and  53.4  of  soda,  or  39.8  sodium,  and  13.6  oxygen ;  or  if  viewed 
as  chloride  of  sodium,  that  it  contains  60.2  of  chlorine,  and  39.8  sodium. 
With  respect  to  reagents,  it  may  be  seen  that  283  nitrate  of  lead,  containing 
191  of  litharge,  employed  to  separate  the  muriatic  acid,  would  yield  a  pre- 
cipitate of  237  munate  of  lead ;  and  that  there  would  then  remain  in  solution 
nearly  146  nitrate  of  soda.  These,  and  many  more  such  answers,  appear  at 
once  by  bare  inspection,  as  soon  as  the  weight  of  any  substance  intended  for 
examination  is  made  by  motion  of  the  slider  to  correspond  with  its  place  in  the 
adjacent  column.  Dr.  Wollaston  took,  as  his  standard  or  unity,  oxygen,  firom 
its  almost  universal  relation  to  chemical  matter,  and  determined  the  equivalents 
of  other  substances  by  their  relation  to  this  standard.  Sir  H.  Davy  proposed 
as  unity,  hydrogen,  which  is  the  lightest  of  all  known  substances,  ana  which, 
dierefore,  seems  preferable  as  the  oasis  of  the  scale,  since  the  equivalents  of 
all  other  substances  must  necessarilv  be  expressed  in  all  numbers  without  frac- 
tions ;  and  this  scale  has,  accordingly,  been  extensively  adopted. 

ERMINE.  A  fine  description  of  fiir,  obtained  from  the  skin  of  an  animal 
of  the  same  name. 

ESSENCES.  Several  of  the  volatile  or  essential  oils  are  called  essences  by 
the  perfumers. 

ESSENTIAL  OILS,  (called  also  volaiUe  and  ethereal,)  are  distinguished 
firom  fixed  or  fat  oils,  from  the  circumstance  of  their  rising  in  distillation  at 
temperatures  below  that  of  320^  Fahr.  by  themselves.  They  are  mostly 
obtamed  from  odoriferous  vegetable  substances,  although  some  of  the  principlee 
are  found  in  animal  matter.  In  different  vegetabus  these  oils  are  found 
variously  lodged, — sometimes  in  the  bark,  as  in  cinnamon ;  sometimes  in  the 
root,  as  in  the  plant  that  yields  the  true  camphor ;  sometimes  in  the  wood,  as 
in  the  cedar;  sometimes  in  the  leaves,  as  in  mint,  balm,  &c. ;  sometimes  in  the 
flowers,  as  in  the  carnation  and  rose ;  sometimes  in  the  rind,  as  in  the  orimge 
and  lemon ;  and«  in  a  great  rariety  of  instances,  in  the  seeds  or  fruit  Tne 
plants  should  be  collects  at  the  time  their  scents  are  the  most  powerful,  and 
in  most  instances  it  Is  preferable  to  drv  them  previous  to  distillation,  to  get  rid 
of  some  of  the  acid  juices  of  the  sap  of  the  plant,  which,  by  enabling  the  water 
with  which  they  are  distilled  to  dissolve  more  of  the  oil  than  it  otherwise  would, 
would  diminish  the  produce.  The  drying  of  the  plants  should,  if  possible,  be 
in  the  sunshine,  but  where  this  is  not  practicable,  it  should  be  ef^ted  as  quickly 
as  possible  on  a  kiln.     Woods  must  be  reduced  to  shavings ;  barks,  and  similar 
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nibitanccfl,  to  a  gross  powder ;  and  these  in  general  require  to  be  soaked 
for  some  days  before  they  are  distilled,  in  water  sharpened  with  salt,  or  a 
little  muriatic  acid.  The  still,  if  of  copper,  should  be  well  tinned  innde,  and 
have  a  few  head,  that  the  oil  may  not  have  to  rise  high.  The  old  alembic 
answers  well,  with  the  simple  mode  therein  adopted  of  condensing  at  the  capital 
or  head,  either  by  a  small  reservoir  of  water  fixed  thereon,  or  by  enveloping^ 
the  head  with  flannel,  and  allowing  water  to  drip  upon  it  No  more  water 
should  be  added  than  is  necessary  to  bring  over  the  oil,  and  prevent  the  matter 
from  burning  in  the  still ;  hence,  the  goods  should  be  first  floated  with  water, 
and  then  more  added  by  weight  or  measure,  to  determine  the  necessary  quantity. 
In  goods  that  yield  their  oil  easily,  about  six  times  their  weight  is  sufficient ; 
but  in  others  which  yield  their  oils  with  difficulty,  as  the  woods,  about  ten  times 
their  weight  must  be  added.  The  distillation  is  conducted  with  a  quick  fire, 
until  the  quantity  of  water  that  was  added  is  come  over;  and  if  the  last  portions 
bring  over  any  oil  with  them,  the  fire  is  slackened,  and  the  distilled  water 
returned  into  the  stiU,  and  brought  over  a  second  time ;  sometimes  it  is  found 
necessary  to  distil  it  a  third  time.  As  some  oils  congeal  at  a  low  temperature, 
it  becomes  necessary  that  the  condenser  be  not  kept  so  cold  as  to  proouce  that 
effect,  but  at  that  temperature  hy  which  the  oils  would  preserve  their  liquid 
form,  in  order  that  they  may  flow  out  into  a  receiver  And  as  it  is  difficult  to 
clean  out  the  convoluted  worms  of  ordinary  condensors,  those  with  straight  or 
zigzag  tubes  are  preferable  where  more  than  one  kind  of  oil  i»  made,  otherwise 
the  odour  of  one  would  be  mixed  with  another.  The  quantity  of  oil  which 
comes  over  being  extremely  small  in  comparison  with  that  of  the  water,  it  is 
proper  to  have  a  receiver  that  will  allow  the  water  to  run  off  into  another 
vessel,  while  it  retains  the  oiL  The  water  used  in  a  previous  distillation  may 
be  advantageously  used  in  a  second,  and  sometimes  a  third  distillation,  to  save 
that  portion  of  the  oil  which  always  combines  with  fresh  water.  It  is,  however, 
to  be  observed,  that  by  frequent  cohobation,  the  water  acquires  acid  properties, 
and  then  takes  up  a  larger  quantity  of  oil,  and  diminishes  the  produce. 
Roses  should  be  distilled  with  their  green  flower  cups,  and  be  torn  open  with 
the  nails,  as  the  liquid  or  scented  oil  is  lodged  in  a  cell  at  the  claw  of  each 

Sptal.     By  adding  a  Httle  muriatic  acid  to  me  water,  and  digesting  for  a  few 
ays,  the  produce  is  doubled.    The  essential  oil  of  bitter  almonds  requires 
particular  treatment,  and  the  distillation  should  be  conducted  in  the  open  air, 
to  prevent  the  deleterious  effects  of  its  vapours,  which  cause  severe  head-ache 
ana  fainting  to  sJl  persons  within  its  influence.  The  usual  process  consists  first 
in  pressing  the  almonds,  to  separate  the  fixed  oil,  and  then  grinding  the  residting 
oil  cake  to  a  coarse  powder.     Thirty  pounds  of  this  powder  u  then  to  be  dis- 
tilled with  eight  gallons  of  water,  until  the  whole  is  come  over,  when  there  will 
be  found  floating  about  three-quarters  of  an  ounce  of  essential  oil ;  this  is  to  be 
taken  oS^  and  then  as  much  salt  as  the  water  will  dissolve  is  to  be  added  to  it, 
and  about  a  gallon  of  this  being  distilled,  a  further  produce  of  four  or  five 
ounces  of  the  essential  oil  wiU  result  therefrom*     The  essential  oil  of  tur- 
pentine, called  also  spirit  of  turpentine,  is  prepared  by  distilling  turpentine  in 
iron  stills  with  a  condensing  i4>paratus,  until  the  drops  of  oil  begin  to  grow 
coloured.     One  hundred-weight  of  turpentine  yields  from  twelve  to  twenty 
pounds  of  oil;  the  product  is  found  to  be  greater  in  pro|>ortion  to  the  slowness 
of  the  operation.    For  medical  purposes  the  turpentine  is  either  distilled  with 
water,  or  rectified  with  it,  but  as  a  portion  of  water  thus  combines  with  it,  it  is 
not  adapted  to  painters*  use.  The  essential  oils  of  aniseed,  camomile,  caraway, 
cassia,  cinnamon,  cloves,  dill,  juniper  berries,  mint,  nutmegs,  penny-royal, 
peppermint,  rue,  sassafras,  savine,  and  wormwood,  are  used  in  medicine  as 
carminatives  and  stimulants.     Those  of  aniseed,  caraway,  cassia,  cinnamon, 
cloves,  juniper,  and  pepper,  are  used  in  conipoundin^  tne  cordial  waters  of 
the  spirit  dealers.    A  third  class,  as  those  of^  balm,  citron  flowers,  lavender^ 
orange  flowers,  roses,  rosemary,  sandal,  thyme,  are  used  to  scent  and  flavour 
spirits  of  wine,  to  make  what  are  called  toilet  waters,  as  eau  de  Cologne, 
Hungary  water,  &c.  which  are  employed  as  cordials.     The  essential  oils  of 
balm,  calamus  aromaticus,  camomile  flowers^  caraway  seeds,  hyssop^  lavender 
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flowen,  marjorum,  milfoili  panley,  roBemaryi  sage,  MflsafraBt  tbyme,  are  used 
to  scent  soaps. 

ETHER.    See  ^thbk. 

EUDIOMETRY.    The  measurement  of  the  (^antity  of  oxygen  contained 
in  atmospheric  air,  or,  indeed,  in  any  gas  in  which  it  is  not  intimately  com* 
bined,  is  named  audiometry,  and  the  ustrument  by  which  it  is  performed  ia 
named  the  eudiometer.    There  are  two  modes  of  effecting  tlus ;  either  by  pre- 
senting to  the  oxyeen  any  substance  having  a  strong  affinity  for  oxygen,  or  by 
explocUng  it  with  hydrogen  in  a  strong  glass  vessel  by  means  of  the  electric 
spark,  and  in  either  case  estimating  the  quantity  by  the  decrease  in  the  bulk  of 
the  gas.     In  the  first  method,  the  substances  usually  employed  to  absorb  the 
oxygen,  are  either  phosphorus,  sulphuret  of  potash,  or  nitrous  gas,  which 
latter  substance,  when  used  according  to  the  directions  of  M.  Gay  Lussac, 
seems  preferable  to  any  other ;  these  directions  are  as  follows :— Take  a  very 
wide  tube  or  tumbler,  for  example,  invert  it  in  water,  and  having  introduced 
into  it  100  parts  of  the  air  to  be  examined,  pass  into  it  100  parts  of  nitrous 
gas.    There  is  instantly  exhibited  a  red  vapour,  which  is  nitrous  acid  ffas,  and 
which  being  very  soluble  in  water,  disappears  speedily  without  amtation,  and 
after  a  minute  at  most  the  absorption  is  complete ;  then  transfer  the  residuum 
into  a  graduated  tube,  and  it  will  be  found  that  the  absorption  is  almost 
uniformly  84  parts,  provided  atmospheric  air  was  used ;  and  as  nitrous  acid 
(the  resulting  compound)  consists  of  three  volumes  of  nitrous  gas  and  one 
volume  of  oxygen,  one-fourth  of  the  absorption,  equal  21  parts,  indicates  the 
quantity  per  cent  of  oxygen.    M.  Gay  Lussac  shows  by  numerous  experi- 
ments, the  accuracy  of  the  above  process  in  varied  circumstances*    There  is 
this  great  advantage  attending  it ;  that  the  proportion  of  oxygen  gas  being 
estimated  by  an  absorption  four  times  greater  than  its  own  volume,  the 
errors  of  experiment  are  reduced  to  one-fourth.    The  analysis  of  combustible 
gases^  and  the  supporters  of  combustion,  reciprocally  by  explosion  with  the 
electric  spark,  furnishes,  when  it  can  be  applied,  one  of  the  most  elegant  and 
speedy  methods  of  chemical  research ;  but  is  attended  with  some  danger,  from 
tne  liability  of  the  tube  to  burst,  if  a  close  tube  is  used,  or  with  a  risk  of  fulure 
from  the  ejection  of  the  mercury  when  the  tube  is  merely  sealed  by  that  flui^ 
This  has  given  rise  to  several  modifications  of  the  apparatus,  most  of  which  are 
somewhat  complex  and  costly;  but  that  invented  by  Dr.Ure,and  communicated 
by  him  to  the  Royal  Socie^  of  Edinburgh,  u  at  once  simple,  cheap,  and 
effective.    It  consists  of  a  glass  syphon,  having  an  interior  diameter  of  froia 
two-tenths  to  four-tenths  of  an  inch.     Its  legs  are  nearly  of  an  equal  lengthy 
each  being  firom  six  to  nine  inches  long.  One  end  is  open  and  slightly  funnelled ;. 
the  other  end  is  hermedcally  sealed,  and  has  inserted  near  it  by  the  blow-pipe 
two  platina  wires.  The  outer  end  of  one  wire  is  incurvated  across,  so  aa  neany 
to  touch  the  open  end  of  the  tube ;   the  outer  end  of  the  other  wire  is  formed 
into  a  small  hook,  to  allow  a  little  spherical  button  to  be  attached  to  it  when 
the  electric  spark  is  to  be  transmitted.    To  use  it,  the  whole  syphon  must  be 
filled  with  water  or  mercury,  then  plunge  the  open  leg  into  a  pneumatic  trough, 
and  introduce  into  it  any  convenient  quantity  of  die  gases  from  a  fflass  measure 
tube,  containing  diem  previously  mixed  in  determinate  proportions.    Then,, 
applying  a  fineer  to  die  orifice  of  the  syphon,  remove  it  from  the  trough, 
and  transfer  the  gases  into  the  sealed  leg,  by  holding  the  syphon    Teg 
uppermost.    Then  bring  the  mercury  to  a  level  in  bodi  tubes,  by  addin?  or 
displacing  a  portion,  and  note  carefully  the  volume  of  gas  in  the  sealed  leg,  which 
should  be  naduated  to  one  hundredth  parts  of  a  cubic  inch.      Then  applying 
again  the  fore  finger  to  the  orifice,  so  as  also  to  touch  the  end  of  the  platina 
wire,  bring  the  pendant  ball  or  button  to  the  electric  machine,  and  transmit  the 
spark.    After  the  explosion,  on  gradually  sUding  the  finger  to  one  side,  and 
admitting  the  air,  the  mercury  wiu  rise  in  the  sealed  leg  more  or  less  above  that 
in  the  ouier ;  then  pour  in  mercury  till  the  equilibrium  be  restored,  and  read 
off,  as  before,  the  bulk  of  the  remaining  gas,  and  the  difference  of  the  two 
volumes  will  denote  the  true  Quantity  of  oxysen,  without  requiring  any 
reduction  or  allowances.    So  perfectly  is  the  shock  of  the  explosion  deadened 
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hj  6t»  dat&atj  ct  (ba  air  coolbwd  betwaoi  tha  finger  and  tha  (orflwe  of  ihs 
mwcmy  in  the  open  end  of  the  tube,  that  nothing  hot  ■  flight  jNuh  or  v»i  miiiii 
ml  the  tip  irf'  the  finger  ii  felt,  eren  wbm  Ihe  inctndad  fn  ii  m  conndenhle 
qnanti^  and  of  a  hi^ilj  azploaive  Dalure ;  and  the  pngection  of  tha  mtraaj 
or  dinjacemeni  of  the  ga*  U  obvioiuljr  impoMibls. 

Evaporation,  a  tam  gmcrallj  uied  to  (unify  the  diMipatiaii  tt  tha 
volatile  pwtt  of  •  compound  bMf,  wbeOwr  eanaea  bj  the  aetioa  of  the  mui 
and  atmonhere,  or  by  artificial  nteana ;  altboo^  aome  authon  raitrict  the  nw 
ot  the  word  to  dia  former  eaae,  and  em^oy  the  term  Taporisatiaa  io  the  latter. 
A  diitinctiaa  ia  KkewiM  drawn  in  (be  eaae  where  the  volatile  parta  are  tha 
oljeeti  of  the  ptoee«%  whkb  ii  then  termed  dutiOatioa ;  but  the  fizad  parts,  oc 
tbe  reaiduum,  are  the  product*  aouf^t  hj  eraporation.  The  remd*  aro 
aecocdio^y  different,  evaporation  being  eommoiilv  carried  «o  in  wen  tballow 
TeaKli,  and  diitillation  in  veaula  neariy  daaed  from  the  eslemal  air.  Tha 
degree  of  beat  must  be  duly  rurulated  in  evaporation.  When  the  fixed  and 
more  volatile  mallen  do  not  differ  greatly  in  tKeir  tendency  to  fly  ofi|  the  heat 
miiit  be  very  carefiilly  adjuited  ;  but  in  other  caaet  this  ia  leei  necoary.  Ai 
evaporation  coniiita  in  the  ataumption  of  the  eUitic  form,  ita  rapidity  will  be 
in  proportjoa  to  tha  degree  of  heat  and  the  diminution  of  tlie  preanire  of  tbe 
atmonibare ;  a  current  of  air  ii  likewiie  of  aervice  in  thii  procem.  Dt.  Ure,  in 
hi*  CanuM^ZKc^toiwrj^  mentiona  tbe  foOowiDg  method  of  evaporating  liquor^ 
•i  bMng  practised  in  aome  large  alum  manidactorie*.  A  water-tight  itone 
eiatem,  about  three  or  four  feet  broad,  two  feet  deep,  and  from  twenMr  to  for^ 
feet  loQB,  ia  covered  over  by  a  low  brick  arch.  At  one  extremity  of  thla  tunnel 
■  grate  u  built,  and  at  the  other  a  !□%  chimney-  When  the  ciitem  ia  filled, 
and  a  (trong  firs  kindled  in  the  reverberalory  grate,  the  flame  and  hot  air 
Bwaep  ^ong  the  aurface  of  the  liquor,  raiie  the  temperature  of  theuppermoit 
alratum  amoat  inatantly  to  near  the  boiling  p<Hnt,  and  draw  it  off  in  vapour. 
The  Doctor  obiervea,  that  the  great  extent,  rapi^ty,  and  economy  of  thia 
jp^Dceaa  recommend  it  to  general  adoption  on  a  large  icale. 

More  recently,  Mr.  Jacob  Perkins  hai  ohtainsd  a  patent  for  a  novel  mode  of 
fonning  (team  at  yery  high  prenure,  by  confining  the  wai«r  under  mechanical 
'a  boiler  properly  e«nalructM  for  the  purpoae  and  intenielf  heated; 


and  nibsequently  he  obtained  another  patent  for  an  adaptation  of  that  appa- 
ratus for  the  evaporating  of  water  and  other  fluids.  For  this  purpose  the 
high  pressure  steam  i*  projected  fhim  the  generator  through  pipes  wbiih 
circulate  tbroi^h  the  ev^>orating  pans  or  boilen ;  and  such  an  arrangement  it 
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made,  that  the  water  produced  by  the  condensation  of  the  iteam  is  returned 
into  Uie  generator  by  means  of  valves  and  a  force  pump,  the  steam  or  water 
being  always  under  mechanical  pressure.  The  preceding  engravings  give 
a  sectional  elevation  and  a  plan,  and  the  same  letters  of  reference  apply  to 
similar  parts  in  each  figure,  a  is  the  generator ;  b  the  forcing  pump ;  e  a  pipe 
<^ning  into,  and  projecting  from  the  upper  part  of  the  generator  at  d,  and 
opening  to^  and  projected  from  the  lower  part  of  it,  opposite  to  e  ;  /  is  a  pipe 
leading  from  the  pipe  e  to  the  forcing  pump ;  ^  is  a  valve ;  h  a  vessel,  containing 
the  liquid  to  be  boued  or  evaporated ;  ana  j'  a  safety  valve.  At  I,  in  the  plan, 
is  a  valve  opening  into  the  generator ;  it  is  not  seen  in  Ilg.  I,  but  is  in  a  line 
with  the  part  marked  e  in  that  figure.     When  steam  is  admitted  from  the 

generator  mto  the  pipe  e  e,  it  becomes  condensed  in  heating  the  surrounding 
uid  in  the  vessel  A,  and  collects  in  the  form  of  water  at  £e  valve  g.  Upon 
raising  the  handle  of  the  forcing  pump,  the  valve  y  opens,  and  the  water  fills 
that  portion  of  the  pipe  marked  /,  between  the  pump  and  the  valve  ^,  the 
pressure  in  the  generator  keeping  the  valve  at  the  openmg  /  shut  When  the 
handle  of  the  force  pump  is  aepressed,  the  valve  g  shuts,  and  the  water  being 
prevented,  in  consequence,  from  returning  into  the  pipe  c,  necessarily  forces 
open  the  valve  at  (  and  is  returned  into  the  generator;  and  this  operation  is  of 
course  successively  repeated  at  every  stroke  of  the  piston  rod  of  tne  pump. 

Messrs.  Beale  and  Porter's  patent  method  of  applying  heat  for  the  purposes 
of  evaporation,  consists  in  the  use  of  various  fluias  as  media  for  the  communi- 
cation of  heat,  which  rise  in  vapour  or  boil  at  different  degrees  of  temperature; 
so  that  one  substance  may  be  chosen  as  proper  for  one  process,  and  another 
Bubstanoe  or  combination  of  substances  may  oe  employed  as  more  suitable  for 
other  processes,  the  nature  of  these  substances  being  such  that,  under  the  ordinary 
pressure  of  the  atmosphere,  each  will  indicate  a  Known  and  unvarying  degree 
of  heat  at  its  boiling  point,  which  may  be  oomnaunicated  to  any  substance 
exposed  to  its  action.  AmoEigst  the  numerous  substances  suitable  for  heating 
media,  are  the  following:  Spirits  of  turpentine,  which  boils  at  316®  Fahr.,  and- 
ni^htha,  which  boils  at  400o  Fahr. ;  and  bv  distilling  coal  tar,  and  collecting  the 
products  at  different  periods,  various  other  bodies  are  obtained,  which  will 
rumish  different  degrees  of  heat  ranging  between  400o  and  700o  Fahr.  By 
this  arrangement  it  was  enected  that  the  maximum  degree  of  heat  would  bie 
idways  and  altogether  independent  of  accident  or  want  of  skill,  so  that  no 
injury  from  bummg  could  possibly  arise,  except  through  the  employment  of  an 
improper  medium,  which,  as  fluids  may  be  cnosen  whose  boilingpoints  vary 
between  the  ran^e  of  200o  and  700o  Fahr..  need  never  occur.  The  mode  of 
applying  this  pnnciple  to  boiling  or  distilling,  is,  by  using  a  double  vessel, 
having  one  part  placed  within  the  other,  so  as  to  leave  a  small  intermediate 
space.  Into  this  space  the  substance  intended  to  form  the  medium  must  be 
introduced,  in  sufficient  quantity  to  cover  theJkU  bottom  of  the  outer  vessel,  to 
such  a  depth  as  to  secure  it  from  injury  by  means  of  the  fire.  When  this 
fluid  is  made  to  boil,  it  will  give  off  vapour  of  the  same  temperature,  which,  as 
it  comes  in  contact  with  the  surface  of  the  inner  vessel,  will  part  with  its  heat 
thereto,  and,  resuming  tHe  fluid  form,  will  fall  again  to  the  bottom  of  the  vessel, 
to  be  again  vaporized;  and  so  on,  in  a  constant  alternation  of  evaporation  and 
condensation.  To  keep  up  a  communication  between  the  fluid  meoium  and  the 
atmosphere,  and  avoid  thereby  all  tendency  to  rupture  or  explosion,  a  tube,  open 
at  bou  ends,  is  introduced  into  the  intermediate  space  between  the  vessels. 
Shotdd  there  be  gross  mismanagement  of  the  fire,  some  portion  of  the  vapour 
would  be  forced  up  this  tube ;  it  is  therefore  made  to  pass  through  a  condenser, 
the  action  of  which  will  return  the  fluid  to  the  double  vessel,  so  that  little  or  no 
waste  of  the  fluid  medium  will  be  sustained.  This  mode  of  evaporating  has, 
we  understand,  been  applied  with  great  advantage  in  the  refining  of  suear, — a 
substance  so  liable  to  injury  from  an  excess  of  heat,  that  the  most  complex  and 
expensive  plans  have  been  resorted  to  in  order  to  avoid  the  danger  of  burning. 
The  plan  nas  likewise  been  successfully  adopted  in  several  uiige  medicinal 
laboratories,  and  is  equally  valuable  to  distillers,  dyers,  and,  in  uiort,  almost 
every  process  in  the  arts  where  a  steady  uniform  temperature  is  of  importance. 


The  diMnm  bere^' 
ctunca  uten  it  of  m: 
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iTenwillibaw  the  gnat  Mmplicit*  «f  the  pUii,  aid  the  Citia 


only  with  a 

by  •  fluid  WDicn  rapiaiy  ataorni  ana 
earriea  off  the  ctlorie.  The  mgraring 
lefToralM  the  af^antoa  a*  aiiaplrf  to 
the  parpon  of  lugai  reGning.  a  the 
eraporaUng  pan ;  6  ft  the  outer  pan, 
cODtaining  c,  the  fluid  medium,  repre- 
aented  b;  dotted  line*,  and  vhich,  for 


Krpoiea    here    deacribed,   ii   * 
1    DroducI,    b;   diatillatic        * 
coal  tar,  wbich  fbrniibe*  vapour  i 


fixed  degTM  of  350>  Fahr.  d  the 
breatfaiog  pipe,  which,  in  the  cTcot  of 
injudicioiu  oiiiig,  will  (erre  ai  an  out- 
let and  eoodeBMT  for  Rich  portion  of 
'*  B  Tapour  ai  maj  not  otherviw  be 

-' i  b;  the  cmapaiatively  cold 

■'le  CTiporatuig  pan  a,-  <  ar 
■ell  knoim,  hai  a  great  affimty  for  rapour,  and  lai^  quaolitiea  of 
water  are  evaporated  by  the  proceai  of  nature,  even  at  the  temperature  of  the 
■tmoephere,  whererer  a  large  nirface  ii  ezpoted  to  the  action  of  the  air.  Taking 
adrantage  of  thia  fact,  Mr.Qeland  ha*  oontiiTed  a  new  and  lingularlj  elennt 
■aetbnd  of  evaporating  the  aqueoiu  parti  of  lyrupa  and  Mline  aolutioni.  The 
principle  of  the  iuTentioa  coiuida  in  eontintully  expodng  a  thin  JUm  (if  the 
eipmiloa  may  be  allowed)  of  the  liquid  to  the  Joint  action  of  beat  and  air,  and 
by  that  meani  efiecting  a  rapid  eraporation.  The  apparatu*  conaisti  of  a  eon- 
voluled  worm  of  great  length,  heated  by  ateam  in  the  iuterior,  which  ii  mado 
to  revolve  horiaontally  upon  ila  axin,  partly  immened  in  the  liquid  under 
OTaporatioD,  which  it  thereby  coMtantly  taken  up  by  it  in  the  thiunett  pooibla 


■tralum ;  and  being  in  contact  with  the  hot  nir&ce  of  the  metal,  the  aqueous 
portioa  oT  the  matter  ia  quickly  formed  into  iteam,  and  earned  off  by  the  aur- 
rounding  air.  a  u  the  boiler  or  veeael  affording  tteam,  which  may  therefore  be 
mugined  at  set  over  a  furnace ;  ft  it  a  ihallow  *e»el,  containing  the  lynip  to 
be  concentrated,  and  ao  placed  upon  the  boiler  ai  to  form  the  top  or  cover  to  it ; 
c  c  ii  the  woim,  lupported  by  itay*  upon  an  axil  d  d,  which  bai  a  cavity  at 
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each  end  commanicatinff  with  the  womi.  One  end  of  <f  is  lupported  in  a 
stufiSnff-boz  e  upon  a  hollow  arm/,  which  communicates  with  the  hoiler,  and  is 
pierced  with  numerous  small  holes  in  that  part  which  turns  in  the  stuffing-box ; 
the  other  end  of  the  axis  d  is  supported  by  a  solid  arm  g,  and  is  open  at  the 
extremity  for  the  emission  of  the  steam  after  it  has  passed  Uirough  the  numerous 
coils  of  tne  worm.  The  axis  may  be  turned  by  a  winch  A,  or  by  a  pulley  A*,  or 
receive  its  motion  from  any  convenient  prune  mover.  By  this  excellent 
arrangement  it  will  be  seen  that  the  steam  in  the  boiler  acts  upon  the  bottom 
of  the  evaporating  pan,  and  raises  the  temperature  of  its  contents;  at  the  same 
time  it  passes  by  the  hollow  arm  /  througn  the  small  apertures  in  the  axis  d 
into  the  worm  e  ;  herein  it  traverses  through  all  the  turns,  and  escapes  finally 
at  the  opposite  end  of  the  axis  into  the  atmosphere.  The  lower  part  of  the 
worm  reaches  to  but  a  small  depth  in  the  synip,  and  bv  turning  the  worm, 
every  portion  of  it  becomes  covered  with  the  uqmd,  and  lying  in  contact  with 
an  extensive  heated  surface,  vapour  is  given  o%  which  is  quiddy  absorbed  by 
the  surrounding  atmosphere. 

£VOLUT£,  in  the  higher  Geometry,  a  curve,  which,  by  being  gradually 
opened,  describes  another  curve.  It  may  be  described  mechanically  by  un- 
winding a  string,  to  which  is  fastened  a  tracer,  from  off  a  cylinder  or  any  other 
curve. 

EXCAVATING  MACHINES,  for  digging  and  ranoving  earth  in  extensive 
excavations,  have  occupied  the  attention  of  many  ingenious  men,  and  various 
machines  for  the  purpose  have  been  proposed  and  tried  with  different  degrees 
of  success.  The  great  difficulty  appears  to  consist  in  adapting  any  peculiar 
arrangement  of  mechanism  whit^  snail  be  capable  of  digging  into  the  various 
kinds  of  earth.  Were  it  only  to  operate  upon  a  uniform  mass,  like  soft  clay, 
the  task  would  be  comparatively  of  easy  accomplishment.  Mr.  G.  V.  Palmer, 
of  Worcester,  appears  to  have  devoted  himself  with  great  assiduity  to  the  con- 
struction of  an  efficient  excavating  engine,  and  to  have  expended  considerable 
sums  in  its  attainment.  In  1830  he  took  out  his  first  patent  "  f<»r  a  machine  to 
cut  and  excavate  earth,"  which  we  have  perused  at  the  Inrolment  Office.  This 
machine  is  designed,  by  the  application  of  steam  power,  to  loosen,  dig  up,  and 
remove  into  a  cart,  earth  from  a  canal  or  other  cavity,  and  to  move  itself 
forwards  as  the  excavation  proceeds.  In  principle  its  leading  arrangement 
resembles  the  dredging  machmes  employed  in  clearing  the  beds  of  rivers  and 
harbours;  but  it  has  several  appurtenances,  such  as  picks,  fcMr  loosening  the 
earth,  cutters,  for  separating  it,  and  scrapers,  for  filling  it  into  the  scoops  or 
elevators,  wliich  convey  it  into  tiie  cart  by  which  it  is  moved  away.  The  machine 
is  mounted  upon  four  wheels,  and  gradually  moves  forward  upon  a  temporary 
railway  as  the  excavation  proceeds.  The  movinff  power  is  applied  to  the  axis 
of  a  fly-wheel,  and  to  the  same  axis  is  fixed  aanim  or  pulley,  around  which 
passes  an  endless  pitched  chain,  that  gives  motion  to  another  drum  or  pulley, 
which  revolves  in  bearings  fixed  to  the  upper  ends  of  two  long  cheeks  or  supports. 
Around  this  second  drum  j>a8ses  another  endless  chain,  which  gives  motion  to 
a  third  drum  or  pulley,  which  is  of  a  quadrangular  figure,  and  turns  on  an  axis 
in  the  lower  ends  of  the  long  cheeks ;  to  this  last-mentioned  chain  are  fastened 
a  series  of  earth  scoops,  which  are  successively  brought  into  operation  in  taking 
up  the  earth.  So  far  the  machine  resembles  the  common  ballast  engine ;  we 
have  therefore  to  describe  how  the  several  actions  of  picking,  digging,  and 

Projecting  the  earth  are  effected.  A  third  endless  chain  is  actuated  by  the 
rum  on  the  main  axis,  and  gives  motion  to  a  spur-wheel,  which  drives  another 
toothed  wheel  attached  to  the  fore  wheels  of  the  carriaf  e,  which  mdually 
advances  it  By  an  ingenious  system  of  levers,  connected  to  a  crank  on  the 
main  axis,  a  row  of  pick-axes,  a  row  of  cutters,  and  a  row  of  scraping  shovels, 
are  alternately  brought  into  action.  When  the  pickers  have  descended  and 
loosened  a  portion  of  earth,  the  cutters  succeed,  and  separate  it  from  the  mass, 
and  this  separated  portion  is  immediately  afterwards  drawn  forwards  by  the 
scraping  shovels  into  the  scoops,  which,  by  the  action  of  the  machine,  are 
brought  into  the  reouired  position  on  one  of  the  sides  of  the  revolving  quadran- 
gular drum ;  the  filled  scoops  thence  proceeding  to  the  top  of  the  machine  by 
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the  revolution  of  the  attached  endless  chains,  dlscham  their  contents  into  a 
cart  or  waggon  to  be  conveyed  away.  The  same  gendeman  patented  another 
engine  for  this  purpose  in  1832.  This  consbted  of  an  excavating  cart  and 
plough  united,  to  be  worked  by  horses  or  other  power.  The  cart  wheels  are 
made  considerably  wider  than  those  in  common  use,  and  the  interior  portion  of 
the  ring  of  each  wheel  is  made  into  a  series  of  earth  boxes ;  these  earth  boxes  are 
made  to  open  inwards,  and  also  towards  the  centres  of  the  wheels.  Underneath 
the  cart,  immediately  adjoining  each  wheel,  is  placed  a  plough,  for  raising  and 
turning  the  earth  into  the  boxes,  as  the  cart  is  moved  forwms ;  the  wheels  at 
the  same  time  turning  round,  bring  up  the  earth  and  deliver  it  into  the  body 
of  the  cart  When  a  sufficient  load  has  been  thus  deposited  in  the  cart,  the 
ploughs  are  raised  from  the  ground  by  means  of  a  lever,  and  then  the  cart  can 
be  drawn  in  every  respect  as  a  common  cart,  to  the  place  intended  for  ibe 
deposition  of  the  excavated  earth,  where  it  is  to  be  unloaded  by  withdrawing  a 
pair  of  bolts,  which  allow  the  bottom  of  the  cart  to  fold  downwards  sufficientlv 
to  permit  the  earth  to  escape.  There  are^  manjr  circumstances  where  the  apph- 
cation  of  excavating  machinery  of  thb  kind  might  be  employed  to  advantage. 
Under  the  head  Barrow  will  be  found  some  useful  information  relating  to  this 
subject,  which  we  have  repeatedly  seen  practised  on  the  great  scale. 

EXHALATION  is  distinguished  from  evaporation  by  some  writers,  as  not 
applying  to  the  rautng  of  vapour  in  the  ordmiary  sense  of  the  wend,  but  to 
suDtle,  dry  effluvia,  loosened,  by  the  action  of  the  sun,  from  minersJs  and  other 
hard  terrestrial  bodies ;  that  these  exhalations  ascend  until  their  specific  gravity 
equals  that  of  the  surrounding  atmosphere,  where,  mixing  with  other  vapours, 
they  help  to  form  douds,  and  return  to  the  earth  in  mists,  dews,  rains,  &c. 

EXPANSION,  in  Natural  Philosophy,  the  enlaij^ement  or  increase  of  bulk 
in  bodies,  chiefly  by  means  of  heat  This  is  one  of  the  most  general  effects  of 
caloric,  being  common  to  all  bodies  whatever,  whether  solid,  fluid,  or  in 
the  aeriform  state.  Metals  expand  in  the  following  order,  those  that  expand 
most  being  placed  first: — ^zinc,  lead,  tin,  cojiper,  bismuth,  iron,  platina. 
Hie  degree  of  expansion  produced  in  different  hquids  varies  considerably.  In 
general,  the  denser  the  fluid,  the  less  the  expansion ;  water  expanding  more 
than  mercury,  and  alcohol  more  than  water.  The  various  elastic  flmds,  or 
fl;ases,  on  the  contrary,  aD  expand  equally,  the  expansion  being  about  one  four 
hundred  and  fortieth  part  of  their  bulk  at  32^  Fanr.  for  every  degree  of  heat 
But  elastic  fluids  are  capable  of  expimding  indefinitely  wiUiout  the  application 
of  heat,  by  the  mere  enlargement  of  the  containing  vessel ;  since  whatever  be 
its  capacity,  they  must  necessarily  be  e^uaU^  difibsed,  and  press  widi  equal 
force  in  every  pvt  of  it,  the  pressure  bemg  inversely  as  the  nulk  of  the  gas. 
l^his  property  of  elastic  fluids  has  been  turned  to  great  advantage  in  steam 


engines,  by  admitting  steam  of  high  pressure  into  the  cylinder  dnrinff  a  portion 
of  the  stroke,  and  then  shutting  ofi^the  communication  with  the  bofler ;  the 
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expuuioii  of  tlie  iteam  In  the  cylinder  curiN  tb«  piitan 
decreuing  force  through  the  remainiDs  portiaii  of  the  itroke,  by  which  mode 
of  working  the  wholo  effect  produced  during  the  ezpaniion  of  the  ilewn  it 
clear  gain.  Upon  thia  lubject  Mr.  J.  Ferkiiu,  who  hai  employed  itekm  of 
greater  eipamiTe  force  than  perhapi  any  other  penon,  obiervet,  that  there  U 
great  econooiy  in  using  very  high  ateam  ezpaniivelj,  and  that  the  higher 
the  iteant  con  practically  be  uied,  the  sooner  it  may  be  cut  off.  The  preetding 
diagram  ibows  (approximatelv)  the  gain  in  cuttuig  off  the  iteam  at  ■  quarter 
Itroke.  Let  the  pulon,  which  is  repretented  by  the  line  kl  a  descend  to  ■  b, 
being  one  quarter  of  tbe  stroke,  with  a  constant  force  of  400  lbs.  per  square 
inch.  At  this  point  let  the  iteam  be  cat  off  and  expand  to  double  iti  Toliune ; 
when  it  arrirei  at  A  e  it  will  be  exerting  a  pressure  of  200  lbs.  per  square  inch, 
producing  a  mean  pressure  of  300  lbs.  per  square  inch  through  tbe  quarter 
stroke.  Let  the  steam  again  expand  to  double  it*  volume,  and  the  piston  will 
finish  its  stroke  at /eat  100  lbs.  per  inch,  giving  a  mean  of  160  lbs.  through 
the  last  two  quarters;  to  which  add  400=the 
pressure  during  the  first  auarter,  and  300=the 
preisure  during  the  secono,  and  the  sum  will  be 
1,000,  giving  a  mean  pressure  of  250  lbs.  on  the 
bch  throughout  the  whole  stroke.  It  -wiH  be 
seen  that  when  the  stroke  is  completed,  the  cylin- 
der will  be  filled  with  steam  of  100  lira,  pressure 
per  square  inch,  which  will  be  the  some  in 
quantity  as  though  the  steam  hod  begun  at  ■ 
pressure  of  100  Ibik  and  continue  at  that  pressure 
throughout  the  stroke ;  but  in  this  case  the  sum 
of  tbe  pressure  through  the  four  quarleri  would 
only  be  400  lbs.  so  that  by  using  the  same  quantity 
of  steam  expaasively,  there  is  a  gain  of  ISO  per 
cent.  By  employing  two  cylinders,  the  pistons 
of  which  set  upon  cranks  at  right  angles  to 
each  other,  a  compensation  is  obtained  for  tbe 
varying  pressure  of  the  •t«am  ;  for  whilst  one 
piston  is  at  its  greatest  power,  the  other  is 
acting  with  diminished  power,  so  oa  to  render 
the  force  exerted  nearly  tbe  same  throughout 
the  revolution,  a*  will  be  seen  hy  tbe  diagram. 
The  annexed  figure  represents  an  instrument 
for  showing  the  expansive  force  of  steam 
at  difierent  temperatures.  At  the  bottom 
of  a  strong  spherical  vessel  of  bras*  is  placed  a 
qnantily  of  mercury  sufficient  to  Jill  the  long 
verticaf  glass  tube  above ;  over  the  mercury  is 
the  water  to  be  converted  mto  steam,  by  a  spirit 
lamp  placed  beneath.  The  long  tube  is  sub- 
merged in  the  fluid,  to  as  to  nearly  touch  the 
bottom ;  on  one  ude  of  this  tube  a  thermometer 
is  fixed  in  an  inclined  potilion,  it*  bulk  projecting 
toward*  the  centre  of  the  vesMl.  On  the  application  of  heat,  the  water  is  con- 
verted into  steam,  which,  by  its  expansive  force,  presses  upon  the  sur&ce  of 
the  mercury,  end  impels  It  up  the  long  tube,  where  iU  pressure  is  noted 
upon  a  graduated  scale;  at  the  same  time,  the  height  of  Uie  mercury  in 
tbe  thermometer  show*  the  temperature  of  the  ateam. 

EXPERIMENTAL  PHILOSOPHY.  That  philosophy  which  proceed*  on 
experiment*,  and  deduces  the  laws  of  nature,  and  the  properties  and  powera 
of  bodies,  and  their  action  upon  each  other,  from  sensihU  experiments  and 
observations.  Tbe  business  of  experimental  philosophy  is  to  inquire  into  and 
investigate  tbe  reasons  and  cause*  of  the  various  appearances  and  phenomena 
of  nature,  and  to  make  the  truthor  probability  thereof  evident  to  the  senses,  by 
plain,  undeniable,  and  adequate  experiments,  representing  the  lercral  parU  of  th« 
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paad  machinery  and  agency  of  nature.  Sir  Isaac  Newton,  the  greatest  naaitcv 
m  the  science,  lays  down  four  rules  by  which  to  guide  our  inquiries  into 
nature.  Ist,  More  causes  of  natural  things  are  not  to  be  admitted  than 
are  both  true  and  sufficient  to  explain  the  phenomena ;  2d,  and  therefore,  of 
natural  effects  of  the  same  kind,  tne  same  causes  are  to  be  assigned,  as  fiur  as  it 
can  be  done,  as  of  respiration  in  man  and  beasts ;  of  lifht  in  a  culinary  fire 
and  in  the  sun ;  and  of  the  reflection  of  light  in  the  earui  and  in  the  j>lanets. 
3d,  The  qualities  of  natural  bodies,  which  cannot  be  increased  or  dimmished, 
and  agree  to  all  bodies  in  which  experiments  can  be  made,  are  to  be  reckoned 
as  the  qualities  of  all  bodies  whatever ;  thus  because  extension,  divisibility, 
hardness,  impenetrability,  mobility,  the  vis  inertias,  and  gravity,  are  found  m 
all  bodies  wnich  fall  under  our  own  coenizance  or  inspection,  we  may  justly 
conclude  they  belone  to  all  bodies  whatsoever,  and  are,  therefore,  to  hie 
esteemed  the  universu  and  onginai  pronerties  of  all  natural  bodies.  4th,  In 
natural  philosophy,  propositions  cdllected  from  the  phenomena  by  induction,  are 
to  be  deemed  (notwithstanding  contnuy  hypotheses)  either  exactly  or  very  neariy 
true,  till  other  phenomena  occur  by  which  they  may  be  rendered  either  more 
accurate,  or  liable  to  exception.  This  ought  to  be  done  lest  arguments  of 
induction  should  be  destroyed  by  hypothesis.  These  four  rules  of  philoso- 
phizing are  premised  by  Sir  Isaac  Newton  to  his  third  book  of  the  Prmeipia^ 
and  more  particularly  explained  by  him  in  his  Optks,  where  he  exhibits  the 
mode  of  proceeding  in  philosophy. 

EXPLOSION,  m  Natural  rhilosophy,  a  sudden  and  violent  expansion  of  an 
aerial  or  other  elastic  fluid,  by  which  it  instantly  throws  off  any  obstacle  that 
may  be  in  the  .way.  It  difibrs  from  expansion  in  this,  that  the  latter  is  a 
gradual  and  continued  power,  whereas  the  former  is  always  sudden  and  of  only 
momentary  duration. 

EXPONENT,  in  Algebra,  is  a  number  placed  over  any  power  or  involved 
quantity,  to  show  to  what  height  the  root  is  raised ;  thus  2  is  the  exponent  of 
«*,  and  4  is  the  exponent  of  x^.  or  xxxx* 

EXTRACT.  Mixtures  of  several  of  the  principles  of  vegetables,  reduced 
hy  decoction  either  to  a  solid,  or  to  the  consistence  of  paste.  The  word  is  also 
applied  by  modem  chemists  to  denote  a  peculiar  substance  supposed  to  be  one 
of  the  immediate  principles  of  vegetables,  and  the  same  in  alt  when  separated 
from  any  foreign  admixture,  except  as  the  proportions  of  its  constituent  prin- 
ciples may  vary. 

F. 

FACADE,  or  Face,  in  Architecture,  the  side  of  a  building  in  which  is  the 
principal  entrance ;  also  that  exterior  part  of  a  building  whicn  is  projected  or 
advanced  beyond  Uie  main  body. 

FACE  GUARD.  A  kind  of  mask  to  defend  the  face  and  eyes  from  acci- 
dents in  various  chemical  and  mechanical  processes.  A  guard  intended  to  pre- 
serve the  face,  and  particularly  the  eyes  of  smiths,  founders,  and  others,  from 
being  injured  either  by  the  heat  of  the  ftimace  or  of  red  hot  melted  metal,  or 
of  fragments  of  metals  dispersed  by  the  hammer,  is  described  in  the  Drant* 
actions  of  the  Society  ofjirtt*  The  guard  is  of  two  forms,  either  a  veU  of  iron 
wire-gauze  of  a  curved  form,  and  fastened  by  a  hinge  to  the  front  part  of  the 
hat ;  or  a  mask,  more  or  less  complete,  with  the  e]^e-holes  covered  with  wire- 
gauze.  There  is  not  much  novelty  in  the  invention  itself,  but  there  is  in  its 
application  to  persons  exposed  to  the  radiant  heat  of  furnaces,  whose  eyes,  it  is 
well  known,  often  become  much  injured  thereby.  The  great  utility  of  it  for 
these  purposes,  has  been  testified  by  a  number  of  persons  who  have  recentlv 
adopt^  their  use,  and  have  expressed  their  surprise  at  the  trifling  heat  which 
they,  in  consequence,  felt  upon  their  faces.  The  author  of  this  invention,  Mr. 
CalWhan,  received  a  reward  for  it  from  the  Society ;  and  we  have  no  doubt 
that  Its  adoption  by  those  cla3ses  of  workmen  for  whose  use  it  was  designed, 
would  prove  highly  beneficial  to  them. 
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FACETS,  in  Crystallography,  die  flat  surfaces  which  bound  tlie  angles  of 
crystals. 

FACIA,  or  Fascia.  A  broad  flat  projecting  part  of  a  building,  as  the 
bands  of  an  architrave,  larmier,  &c. 

FACTOR,  in  Arithmetic,  a  name  given  to  the  multiplier  and  multiplicand, 
as  their  quantities  multiplied  together  constitute  the  proouct  or/ocfiwi. 

FAKE.  One  of  the  circles  or  windings  of  a  cable  or  hawser,  as  it  lies  dis* 
posed  in  a  coil. 

FAN.  A  machine  used  to  agitate  the  air,  and  cause  it  to  impinge  upon 
other  bodies  to  reduce  their  temperature.  Those  used  for  cooling  the  person 
are  made  of  every  variety  of  form  and  materials  that  fancy  can  Invent ;  but 
thejr  ^nerally  consist  of  a  piece  of  paper,  satin,  or  any  other  light  fabric,  cut 
semicurcularly,  and  mounted  upon  several  little  sticks  of  wood,  ivory,  tortoise* 
shell,  or  the  uke.  If  the  stuff  be  single,  the  sticks  of  Uie  mounting  are  placed 
on  the  least  ornamented  side ;  if  double,  they  are  placed  betwixttnem.  The 
paper  is  plaited  in  such  a  manner  that  the  sticks  may  be  alternately  inward 
and  outward.  In  the  middle  of  each  plait  Uie  sticks  are  cemented ;  all  of 
which  are  cut  exceedingly  thin  and  delicate,  and  they  are  connected  together  at 
the  end  by  a  single  rivet,  bv  which  tlie  fan,  as  it  is  held  in  the  hand,  may  be 
either  folaed  up  or  expanded.  The  Chinese  and  East  Indians  excel  in  elabo- 
rate carving  upon  the  fan  sticks ;  but  the  elegance  and  taste  displayed  by  our 
own  artists  upon  the  other  parts,  are  unrivalleS.  The  term  fan  is  applied  to 
those  small  vanes  or  sails  that  receive  the  impulse  of  the  wind,  and,  by  a 
connexion  with  machinery,  keep  the  large  sails  of  a  smock  windmiU  always 
in  the  direction  of  the  wind ;  see  Windmill.  Also  a  rotative  blowing  machine, 
consisting  of  vanes  turning  upon  an  axis,  used  for  winnowing  com.  Similar 
lupparatus  is  used  to  decrease  the  speed  of  light  machinery,  by  the  resbtance  of 
the  air  against  the  motion  of  the  vanes. 

FARINA  implies  generally  vegetable  flour.  The  flour  of  the  Parisian 
bakers  (which  it  may  be  presumed  is  chiefly,  if  not  wholly,  wheaten,)  was 
ascertained  by  M.  Vauquelin  to  consist  of  gluten  10.2,  starch  72.8,  sweet 
matter  4.2,  gummy  glutinous  matter  2.8,  and  moisture  10,  in  100  parts.  The 
farina  of  many  vegetables  consists  almost  entirely  of  starch,  as  u  the  case  witfi 
rice,  arrow  root,  and  the  notatoe.  The  method  of  separating  the  farina  from 
the  latter  root  is  described  with  figures  under  the  word  BaaAD.  A  patent  was 
granted  in  1829,  to  Mr.  Benjamin  Goulson,  of  Pendleton,  near  Manchester,  for 
"  certain  improvements  in  tne  manufacture  of  farina  and  sugar  firom  vegetable 

S reductions.  The  specification  explains  it  to  consist  in  a  method  of  converting 
ahlias,  beets,  carrots,  mangel  wurzel,  and  other  roots,  by  the  application  of 
acid.  After  the  roots  have  been  well  cleaned  by  washins,  and  cleared  from 
their  skins  by  rubbing  or  other  process,  thev  are  to  be  suced  or  grated*  and 
steeped  in  a  mixture  of  pure  water  and  acid  (the  preference  being  given  to 
sulpnuric  acid),  in  a  ratio  varying  firom  two  to  ten  pounds  of  acid  (accoraing  to 
the  roots  operated  upon,)  to  a  hundred  weight  of  roots.  Those  which  possess 
the  least  natural  sweetness  will  probably  require  the  most  acid.  In  this 
mixture  the  roots  are  to  be  kept  till  they  become  quite  soft  or  pulpy,  when  they 
are  to  be  washed  with  pure  water  till  they  cease  to  taste  of  the  acidL  They  are 
next  to  be  dried  in  the  sun  or  in  an  oven,  and  then  be  ground  into  flour,  and 
used  for  making  bread,  or  otiier  purposes  for  which  wheaten  flour  is  employed. 
To  extract  the  saccharine  matter  from  roots,  Mr.  Goulson  employs  a  second 
dose  of  diluted  acid,  in  the  proportion  of  from  two  to  ten  pounds  of  the  acid  to  a 
hundred  weight  of  the  farina  tnus  obtained,  and  by  this  means  the  fibrous  parts 
become  macerated ;  after  which  the  add  is  to  be  neutralized  and  separated  from 
the  saccharine  portion,  which  is  then  to  be  clarified  by  the  usual  processes ;  or 
the  saccharine  matter  may,  by  continuing  the  first  process,  and  using  an  addi- 
tional quantity  of  acid,  be  obtained* at  once  without  first  converting  the  roots 
into  flour. 

FARRIERY  is  the  art  of  shoeing  horses  and  administering  to  their  diseases. 
See  HoasB-BHOE. 

FAT.    Animal  oil  in  a  concrete  state,  deposited  in  minute  cells  in  various 
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the  middle  of  about  an  acre  of  itamps,  and  fastened  to  the  lai^gest  of  them.  FVom 
the  barrel  of  the  winch  a  chain  proceeded,  which  extended  to  the  fiurthett  stump 
in  the  piece ;  a  number  of  shorter  chains  were  also  provided,  each  having  a 
ring  at  one  end,  and  a  hook  at  the  other.  By  passing  the  hook  through  the 
ring,  they  were  fixed  upon  the  stumps  nearest  to  that  to  which  the  chain  of  the 
winch  was  attached,  and  when  it  was  raised^  these  chains  were  in  succession 
hooked  to  the  leader,  so  that  the  winch  was  employed  without  interruption,  till 
the  nearest  stump  was  extracted.  In  clearing  Mr.  Mackav's  field,  five  hands 
were  employed;  two  at  the  winch,  two  in  fixing  the  chauiSy  and  one  at  the 
stump  to  be  raised.  When  the  stump  was  laige,  those  who  attended  the  chains 
occasionally  assisted  in  turning  the  winch. 

Reference  to  the  Engramng  on  the  preeedhw  page, — a  a  the  two  winch  handles 
of  the  crane  b  b,  which  is  chained  to  the  largest  stump  e ;  dd  the  leading 
chain,  proceeding  from  the  barrel  to  a  distant  stump  ^  to  be  hooked  on  to  the 
leading  chain  ddaa  soon  as  it  has  raised  the  stump  e,  and  has  been  disengaged 
from  it,  so  that  the  different  stumps  are  raised  in  succession,  from  the  farthest 
to  the  nearest  The  winch  is  l^en  removed  to  face  the  next  portion,  and  the 
chain  extended  to  the  farthest  it  can  reach,  while  the  shorter  chains  are 
attached  to  the  right  and  left  stumps,  and  hooked  on  in  succession  to  the  leading 
chain,  and  thus  continued  until  a  whole  circle  round  the  winch  has  been 
cleared.  Should  the  stump  to  which  the  winch  is  attached  be  liable  to  give 
way,  it  vrill  be  requisite  to  lash  it  to  one  or  two  in  the  rear,  to  secure  the 
purchase. 

FELLOES,  the  curved  pieces  of  wood,  usually  six  or  ei^ht  in  number, 
which,  when  united  end  to  end,  form  the  circular  run,  or  periphery  of  carriage 
wheels,  and  into  which  the  spokes  are  inserted.    See  Whbbls. 

FELTING.  The  process  by  which  hair,  wool,  or  rilk,  is  worked  into  a  fabric 
of  firm  texture,  called  felt,  without  spinning  or  weaving ;  it  is  chiefly  employed 
in  the  manufacture  of  hats,  and  under  that  head  will  be  found  details  of  the 
process. 

FERMENTATION.  When  v^tables  and  animals  are  deprived  of  life, 
the  elements  of  which  they  are  composed  exert  an  action  on  each  other ;  some 
of  them  enter  into  new  combinations,  others  become  entirely  undecompounded, 
and  the  identity  of  the  original  substance  is  destroved.  Fermentation  is  of 
three  kinds :  first,  the  vinous ;  second,  the  acetous;  third,  the  putrid.  The  two 
first  kinds  are  peculiar  to  vegetable  substances ;  the  last  is  common  both  to 
vegetable  and  animal  substances,  though  the  chimge  it  indicates  is,  in  reference 
to  animal  substances,  more  usually  called  putrefaction.  Moisture,  and  gene- 
rally access  of  air,  are  necessary  to  fermentation;  and  a  warm  temperature 
materially  promotes  it,  while  by  an  excess  either  of  heat  or  cold  it  is  entirely 
checked. 

Finous  Fermentation, — ^The  vinous  fermentation  never  takes  place  except  in 
substances  containing  sugar,  and  it  is  most  remarkable  in  those  which  contain 
the  most  of  the  sacchanne  principle.  If  a  decoction  of  a  v^etable  holding 
much  suear  in  solution,  or  sacchanne  vegetable  juices,  or  simply  a  mixture  of 
sugar  and  water,  be  exposed  to  a  heat  of  70<>  in  a  vessel  either  uncovered,  or 
not  entirely  dosed,  in  a  short  time  the  fluid  becomes  very  turbid,  bubbles 
rise  to  the  surface  and  bre^ ;  mucilage  is  at  the  same  time  disengaged,  part  of 
which  sinks  to  the  bottom,  and  the  remainder  rises  to  the  top,  where,  with  the 
bubbles  entangled  in  it,  a  stratum  is  formed,  called  yeasL  When  the  quantity 
of  the  fermented  fluid  is  considerable,  the  operation  goes  on  briskly  for  severu 
days,  afterwards  it  becomes  gradually  more  languid,  but  it  is  a  considerable  time 
before  it  completely  ceases.  A  fluid  which  has  uroergone  the  vinous  fermentation 
is  entirely  cnanged  in  its  properties;  its  specific  gravity  is  diminished;  its 
sweet  taste  and  viscidity  is  gone ;  it  becomes  brisk  and  transparent,  and  has 
acquired  a  pungent  spintuous  flavour.  It  forms  beer,  cyder,  wine,  8sc,  according 
to  the  substance  which  has  fumished  the  saccharine  juice ;  and  from  whatever 
it  has  been  prepared,  it  afibrds,  by  distillation,  a  light  inflammable  fluid,  called 
alcohoL  From  the  experiments  of  Lavoisier,  it  appears  that  sugar  is  converted 
into  alcohol  by  the  loss  of  a  part  of  its  oxygen.     The  oxygen  separated  is 
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employed  to  form  carbonic  acid  gas,  which  produces  the  bubbles  observed  on 
the  fermenting  liquor.  A  small  quantity  of  yeast  is  always  added  to  liquors 
intended  to  be  fermented,  as  it  materially  accelerates  and  renders  uniform  this 
process  through  the  whole  mass  of  fluid. 

Acetom  FermenUUian.  When  liquors  are  fermented  for  the  use  of  the  table, 
they  are  put  into  casks  while  the  fermentation  is  yet  active ;  at  first  the  bung- 
hole  is  left  open,  and  as  yeast  is  discharged,  the  barrel  is  filled  up  with  a  part 
of  the  fluid  or  wort  reserved  for  that  purpose ;  afterwards  the  vessel  is  closed. 
But  if  the  fluid  be  allowed  to  remain  a  sufficient  time  in  open  vessels,  the 
acetous  fermentation  comes  on,  which  changes  its  taste  and -smell,  and  converts 
the  fluid  into  vinegar.  This  change  takes  place  most  rapidly  at  the  temperature 
of  about  90^,  and  is  promoted  by  changing  the  surfaces  of  the  liquor  by  stirring 
it,  or  pouring  it  from  one  vessel  to  another.  During  the  acetous  fermentation 
the  alcohol  imbibes  oxygen  to  a  degree  that  converts  it  into  an  acid  ;  and  if  the 
liquor  which  has  undergone  this  process  be  distilled,  pure  vinegar,  instead  of 
araent  spirit,  comes  over.  Simple  mucilage  will  pass  to  the  acetous  fermentation, 
without  oeing  preceded  by  the  vinous,  or  at  least  the  vinous  fermentation  is  so 
transient  as  not  to  be  discernible.  Wines  deprived  of  mucilage  cannot  be  con- 
verted mto  vinegar. 

Putrid  FermerUiUion,  When  dead  vegetables  contain  much  saccharine 
matter,  and  the  other  circumstances  necessary  to  fermentation  are  combined, 
the  vinous,  the  acetous,  and  the  putrid  fermentation,  succeed  each  other  in 
regular  order.  When  mucilage  is  the  predominant  principle  of  the  vegetable, 
the  acetous  fermentation,  above  described,  is  the  first  change  discoverable,  the 
putrid  follows  of  course,  as  it  is  always  the  last,  but  the  vinous  does  not  appear. 
When  albumen  and  gluten  are  predominant  in  the  vegetable  matter,  the  putrid 
fermentation  only  is  apparent.  We  have  observed  the  progress  of  a  saccharine 
fluid,  from  the  vinous  to  the  acetous  fermentation ;  let  us  now  trace  it  to  the 
putrid.  When  vinegar  has  been  completely  formed,  and  the  warmth  and 
ezposiure  to  the  air  in  which  it  was  formed  are  still  continued,  it  gradually 
becomes  viscid  and  turbid,  an  ofiensive  gas  is  emitted,  ammonia  flies  ofi*,  an 
earthy  sediment  is  deposited,  and  the  remaining  fluid  scarcely  difiers  from  water. 
Such  is  the  change  produced  by  putrefactive  fermentation  in  a  saccharine  fluid. 
When  moist  vegetables  are  heaped  together  in  considerable  quantities,  their 
putrefaction  is  attended  with  the  production  of  considerable  heat,  their  whole 
texture  becomes  less  coherent,  their  colour  dark,  and  nitrogen,  hydrogen,  car- 
bonic acid,  and  ammoniacal  gases,  begin  to  be  evolved.  When  the  putrefactive 
process  has  advanced  to  this  stage,  the  vegetable  matter  afibrds  excellent  manure ; 
for  it  is  obvious  that  the  principles  of  vegetables  are  liberated,  and  are  ready  to 
nourish  the  seed  or  the  root  to  which  the  manure  is  applied,  while  the  warmth 
with  which  the  decomposition  is  attended  enables  the  seed  or  root  more  readily 
to  receive  the  food  thus  offered.  The  putrefaction  of  animal  substances  goes  on 
under  the  same  circumstances  that  promote  the  putrefaction  of  vegetables — 
humidihr,  a  temperature  neither  hot  nor  cold,  and  tne  access  of  the  atmosphere; 
but  is  distinguisned  by  a  far  greater  noisomeness.  The  presence  of  the  air  is 
the  least  essential  particular,  for  putrefaction  goes  on  in  vacuo,  the  air  required 
being  supplied  by  the  decomposition  of  water.  A  very  small  quantity  of  salt 
hastens  putrefaction,  while  a  considerable  quantity  remarkably  retards  it,  and 
is  therefore  used  in  the  preservation  of  animal  food.  The  first  indication  of 
putrefaction  in  animal  substances  is  a  cadaverous  odour,  their  substance  becomes 
soft,  pale,  Uien  green,  blue,  and  lastly,  a  blackish  brown ;  the  smell  at  the  same 
time  becomes  more  nauseous  and  penetrating,  ammoniacal  gas  is  perceived, 
other  gases  also  escape,  which  are  of  an  infectious  and  poisonous  nature ;  in 
tiie  end^  the  substance  loses  all  traces  of  organization,  becomes  dry,  soft,  and 
reduced  to  a  state  resembling  that  of  an  earth.    The  worms  and  insects 

Snerally  found  among  putrefying  subetances  are  not  produced  by  putre- 
stion,  and  therefore  not  a  necessarv  consequence  of  it ;  life  never  ^  springs 
but  firom  life,  and  the  maggots  are  there  because  the  insects  from  whicn  they 
ipring,  directed  by  instinct,  have  deposited  their  eggs  among  matter  suitable 
:or  their  food. 
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FERRETTO.  A  aubstance  uied  in  colouring  glasa,  obtained  by  the  eald- 
nation  of  copper  and  powdered  brimstone,  or  of  copper  and  white  vitriol. 

FESTOON,  in  Architecture,  an  ornament  in  the  form  of  a  garland  of 
flowers.  The  term  is  also  applied  to  drapery,  When  suspended  so  as  to  form 
elliptic  curves,  with  the  extremities  of  the  cloth  depending. 

FIBRE  (Veqktable).  A  substance  of  great  use  in  the  arts  and  manu- 
factures, furnishing  thread,  cordage,  &c.  For  these  purposes  the  filamentous 
parts  of  hemp  and  flax  are  employed  amongst  us ;  in  Sweden,  a  strong  cloth 
IS  said  to  have  been  prepared  from  the  stalks  of  hops ;  and  in  India,  exceed- 
ingly serviceable  cordage  and  cables  are  manufactured  from  the  husks  of 
cocoa  nut. 

FIBRIN.  A  peculiar  organic  compound,  found  both  in  animals  and  vege- 
tables, but  procured  however,  in  its  most  characteristic  state,  from  animal  mat- 
ter. To  obtain  it,  we  may  beat  blood  as  it  issues  from  the  veins  with  a  bundle 
of  twiffs.  Fibrin  soon  attaches  itself  to  each  stem,  under  the  form  of  long 
reddish  filaments,  which  become  white  by  washing  them.  It  is  solid,  whiter 
insipid,  without  smell,  insoluble  in  water,  softens  m  the  air,  becoming  viscid, 
brown,  and  semi-transparent  Fibrin  does  not  putrefy  speedily  when  kept 
under  water.  It  shrinks  on  exposure  to  a  considerable  heat,  and  emits  tne 
smell  of  burning  horn. 

FID.  A  short  and  thick  bar  of  wood  or  iron,  which,  passinff  through  a  hole  cut 
in  the  lower  part  of  the  topmast  or  top-gallant  mast,  and  restmg  upon  the  trestle 
trees,  serves  to  support  those  masts.  A  most  important  improvement  upon  this 
part  of  a  ship's  apparatus,  is  the  patent  lever  fids,  Invented  by  Air.  Rotch,  by  means 
of  which  ships  may  strike  their  topmasts,  or  top-gallant  masts,  at  any  moment,  in 
less  than  one  minute,  and  fid  them  again  in  less  than  five  minutes.  The  lever 
fids  consist  of  two  powerful  levers  of  the  first  class,  resdng  upon  iron  plates  or 
carriages,  bolted  upon  the  upper  surface  of  the  trestle-trees,  and  carrying  the 
gudgeons  or  trunnions  which  form  the  fulcrums  of  the  levers ;  these  gudgeons 
pass  through  circular  notches  cut  in  the  upper  side  of  the  levers,  and  that  part 
of  the  levers  which  rests  upon  the  plate  being  formed  into  the  arc  of  a  circle, 
of  which  the  gudgeons  are  the  centre,  the  wnole  weight  of  the  masts  is  sup- 
ported upon  the  carriages,  instead  of  upon  the  frilcrum,  which  merely  serves  as 
a  centre  of  motion.  The  operation  of  fidding  a  mast  is  as  follows : — ^The  mast 
being  swayed  high  enough  tor  the  short  arms  of  the  levers  to  enter  the  fid-hole 
(which  is  defended  by  a  very  stout  iron  plate),  the  longer  arms  are  depressed  by 
tackles  hooked  to  their  extremities  until  they  attain  a  norizontal  position,  when 
they  are  secured  by  lashings.  To  strike  a  mast  (the  top  rope  being  rove  and 
made  fast  below),  all  that  is  necessary  ii  to  slack  the  lashings  until  the  strain  is 
brouffht  upon  the  top  rope,  and  then  to  lower  away.  These  patent  lever  fids 
may  oe  applied  to  any  snip  without  any  alteration  in  her  tops,  mast,  or  fid- 
holes;  ana  from  the  rapidity  and  certainty  of  their  operations,  are  calculated  to 
render  most  important  service  to  navigators  in  the  most  trying  situations,  where 
despatch  in  striking  a  mast  may  be  of  essential  consequence,  as  in  the  case  of 
a  sharp  ship  grounding  upon  a  rapidly  falling  tide,  in  gales  of  wind  at  sea  in  a 
dark  night  In  the  case  of  springing  a  topmast  just  above  the  cap,  when 
in  chase,  the  lever  fids  will  be  found  invaluable,  as  the  topmast  may  be 
instantly  lowered  until  the  part  which  is  sprung  is  below  the  cap,  by  just 
shaking  the  vessel  in  the  wind  for  half  a  nunute,  when  all  will  be  safe,  and 
she  mav  be  kept  on  her  course  ag^ain.  So  sensible  were  the  Lords  of  the  Admi- 
ralty of  the  utility  of  this  invention,  that  they  paid  to  Mr.  Rotch  a  large  sum 
for  the  use  of  it  in  the  Royal  Navy. 

Mr.  Rotch  has  subsequently  taken  out  a  patent  for  a  prop  for  supporting 
masts,  by  which  the  strain  is  transferred  frx>m  the  trestle  trees  to  the  lower 
mast,  iust  beneath  the  top,  and  acts  in  a  direction  nearly  vertical.  The  cut  on 
the  following  page  represents  an  outline  sketch  of  the  apparatus,  a  is  the  top- 
mast; b  the  lower  mast ;  c  the  fish  (which  is  a  strong  piece  of  timber  fixed  to 
the  lower  mast  to  strengthen  it)  shown  in  dotted  lines ;  d  the  cheeks  of  the 
lower  mast,  on  which  are  fixed  the  trestle-trees  e;  f  the  fid  of  the  Unp- 
mast ;  g  a  bolt  stay  to  the  top-mast ;  A,  the  new  patent  prop,  bolted  to  the  heel 
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of  the  top-mait   by  mesni  of  an  iron 

plate,  connected  with   the  binge  joint 

npon  which  it  turna,  the  other  end  reit' 

fae  in  en  angular  cavity  made  to  recelT* 

it  in  the  fish  of  the  lovrer  mast ;  i  riioire 

the  poiilion  vhich  the  prop  takei  when 

tha  top-maat  is  being  raised  or  lowered; 

the  curved  doited  lines  o  o  represent  the 

form  into  which  the  trestle-tree*  ordi< 

narily  become  bent  by  the  action  of  the 

top-mast.     This  latter  effect  is  owing  to 

the  trestle-trees  having  to  support  the 

whole  weight  of  the  top-mast,  with  ita 

end*  resting  upon  the  trestle-lreei.     To   ,  -~— 

the  weight  is  to  be  added  the  force  of  .^ 

the  wind,  which  has  a  tendency  to  in-      "     . 

create   that   effect  in  a  tenfold  degree, 

eniecially  when  (he  inclined  position  tn 

which  the  masts  of  most  ships  are  placed 

is  taken  into  conrideration.     If  instead 

of   the  fid  and   the  trestle-trees  having 

to  wilhatand  all  this  force,  the  little  prtHi 
A  be  pal  into  the  cavity  of  the  iish,  it 

will  be  seen  that  nearly  the  whole  of  it 
IS  thereby  thrown  diagonally  upon  the 
lower  mut,  which  is  well  able  to  sustain 
it. 

FILAMENT.     Those  extremely  deli- 
cate threads  of  animal  or  vegetable  pro- 

dactloD,  such  at  are  produced  by  the  silk-worm,  spiders,  flax,  nettles,  Sk.  ;  by 
the  combination  and  twisting  of  which,  threads,  cordage  and  cloth  are  made. 

PILE.  A  steel  instrument  employed  for  shaping  or  giving  a  smooth  gurfiice 
to  articles  made  of  metal,  bone,  wood,  Ac.  The  varieties  of  files  are  very 
extensive,  beingespressly  adapted  to  numerous  different  trades  or  branches  of 
manufacture.  There  is,  however,  en  immense  variety  of  files  which  are  appli- 
cable  to  general  purposes ;  these  are  distiuguished  by  the  terms  of  flat,  half- 
round,  three-square,  foiiivsquare,  round,  hand,  pillar,  cant,  and  other  technical 
names,  which  denote  their  transverse  sectional  shape  ;  [hen  each  of  these  shapes 
may  be  single  or  double  cut ;  that  is,  the  notches  or  incitiona  made  upon  them 
may  consist  of  only  one  series  of  paialle!  lines,  technically  called  floats,  or  of 
two  series,  in  which  the  lines  or  incisions  cross  each  other  diagonally.  Then 
again,  either  of  these  latter  may  be  of  difierent  degrees  of  coarseneas  or  fine- 
ness, denominated  in  the  trade,  rough,  bastard,  second-cut,  and  smooth ;  the 
latter  term  indicating  teeth  so  fine  and  close  as  to  produce  upon  metal  a  surfaca 
nearly  smooth,  and  requiring  only  the  aid  of  the  burnisher  to  polish  it.  It  is 
then  to  be  understood,  that  each  of  these  classes  and  varieties,  or  moat  of  them, 
are  mode  of  lengths  differing  from  two  or  three  inches,  up  to  twenty  inches 
long.  Even  these  are  not  all ;  there  are  also  a  numerous  class  of  rasps,  which 
have  jagged  teeth,  and  are  chiefly  used  in  working  bone  and  hard  woods ;  also 
rubbers,  which  are  great,  heavy  square  files,  used  oj  smiths  and  others ;  and  a 
peculiar  class  of  heavy  fUee,  chiefly  need  by  millwrights  and  eneineers,  farming 
a  mediiun  between  rubbers  and  (ilea  of  ordinary  thickness ;  oesides  a  great 
variety  of  extremely  delicate  files  of  the  best  steel,  used  by  watchmaker*  and 
others.  When,  therefore,  it  is  considered  that  the  file  manufacture  thus 
embraces  several  thousand  distinctions,  and  that  many  thousands  of  families 
are  constantly  employed  in  their  bbrication  in  the  neignbourhood  of  Sheffield, 
Birmingham,  and  other  places,  an  idea  of  the  extent  and  importance  of  it  may 
be  formed.  The  steel  employed  for  files  is  required  to  be  very\«td,  and,  in  con- 
sequence, undergoes  a  longer  process  in  the  conversion,  and  ia  said  lobf  dauU« 
converted.     The  very  heavy  files  are  made  of  the  inferior  marks  of  bliitered 
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steel ;  those  for  sharpening  the  teeth  of  saws,  and  the  more  delicate  kinds,  art 
made  of  cast  steel.    The  steel  is  previously  drawn  at  the  tilt  hammer  into  rods 
of  a  suiUble  size.    The  flat  and  the  souare  files  are  made  wholly  with  the 
hammer  and  the  plain  anvil.     Two  woramen,  one  called  the  maker  the  other 
the  striker,  are  required  in  the  forging  of  heavy  files,  the  smaller  being  forged 
by  one  person  only.    The  anvil  is  provided  with  a  groove  for  the  reception  of 
bosses  or  dies,  which  are  used  for  the  purpose  of  forging  the  half-round  and 
three-angled  fiiles.  The  half-itmnd  boss  contains  a  hollow,  which  is  the  segment 
of  a  sphere,  less  than  half  a  circle.    That  used  for  the  three-angled  files  has  a 
hollow  consisting  of  two  sides,  terminating  in  an  angle  at  the  bottom.     In 
forging  the  half-round  file,  the  steel  is  drawn  out,  as  if  intended  to  make  a  flat 
file,  it  is  then  laid  in  the  die  and  hammered  till  the  underside  becomes  round. 
The  steel  for  the  triangular  files  are  tilted  into  square  rods.  The  part  to  form  the 
file  is  first  drawn  out  with  the  hammer,  as  if  intended  to  form  a  souare  file ;  it 
is  then  placed  in  the  die  with  one  of  the  angles  downwards,  and  by  striking 
upon  the  opposite  angle,  two  sides  of  the  square  are  formed  into  one,  and  con- 
sequently a  three-sided  figure  produced,  which  is  perfected  by  successively 
presenting  the  three  sides  to  the  action  of  the  hammer.     In  forming  the  tangs 
of  most  mes,  it  is  necessary  to  make  the  shoulders  perfectly  square  and  sharp. 
This  is  performed  by  cuttine  into  the  file  a  little  on  both  sides  with  a  chisel, 
and  afterwards  drawing  out  3ie  part  so  marked  ofi*  to  form  the  teng.     After 
forging,  and  previous  to  beine  ground  and  cut,  the  files  require  to  be  annealed. 
This  process  is  generally  performed  by  piling  up  a  ereat  quantity  together  in  a 
furnace  for  the  purpose,  and  heating  them  red  not,   suffering  them  after- 
wards to  cool  slowly.    This  method  of  annealing  files,  and  indeed  any  other 
articles  in  wEich  great  hardness  is  requisite,  is  very  objectionable,  since  the 
surface  of  steel,  when  heated  red  hot  in  the  open  air,  is  so  liable  to  oxidation. 
A  superior  method  of  annealing  is  practised  by  some  file-makers ;  and  since 
hardness  in  a  file  is  so  essential  a  property,  the  process  ought  to  be  generally 
adopted.  This  method  consists  in  placing  the  files  in  an  oven  or  trough,  having 
a  close  cover,  and  filling  up  the  interstices  with  sand.    The  fire  is  made  to  play 
on  every  side  of  the  vessel,  as  gradually  and  as  uniformly  as  possible,  till  the 
whole  mass  becomes  red  hot    The  fire  is  then  discontinued,  and  the  whole 
sufiTered  to  cool  before  the  cover  is  removed  from  the  trough.     Steel  jmnealed 
in  this  way  is  perfectly  free  from  that  scaly  surface  acquired  in  the  open  air ; 
and  if  each  corticle  be  perfectly  surrounded  with  the  sand,  and  the  cover  not 
removed  before  the  steel  is  cold,  the  surface  will  appear  of  a  silvery  white 
colour.     If  the  steel  be  suspected  to  be  too  kind,  from  containing  too  little 
carbon,  powdered  charooal  may  be  employed  instead  of  sand,  or  sand  mixed 
with  charcoal.     In  this  case  the  files  should  be  stratified  alternately  with  the 
charcoal,  in  order  that  the  extra  conversion  may  be  uniform.    The  next  thing 
is  to  prepare  the  files  for  cutting,  by  making  the  surface  to  contain  the  teeth  as 
level  as  possible.     This  was  formerly  effected  by  files,  and  the  process  is  called 
striping.    The  same  is  still  practised  by  the  Lancashiro  file-makers  (who  excel 
in  the  manufacture),  and  by  others  not  having  the  convenience  for  grinding. 
The  greatest  quantity  of  files  are,  however,  groundy  to  prepare  them  for  cutting. 
The  stones  employed  for  this  purpose  at  Sheffield  are  of  a  compact  and  sharp 
texture,  of  great  diameter,  and  aoout  eight  inches  broad  over  the  face.     When 
used,  the  surface  is  kept  immersed  in  water ;  the  ^nder  sits  in  such  aposition 
as  to  lean  over  the  stone,  whilst  its  motion  is  directed  from  him.     Tne  next 
process  is  that  of  cutting  the  files,  which  is  performed  by  means  of  a  chisel 
and  hammer  on  an  anvil.    The  chisel  and  hammer  are  of  such  a  size  as  the 
size  and  cut  of  the  file  require.     The  file-cutter  is  also  provided  with  a  leather 
strap,  which  goes  over  each  end  of  the  file,  and  passes  round  his  feet,  which 
are  introduced  into  the  strap  on  each  side,  in  the  same  manner  as  stirrups  are 
used.     He  therefore  sits  as  if  he  were  on  horseback,  holding  his  chisel  with 
one  hand,  and  his  hammer  in  the  other,  at  the  same  time  he  secures  the  file 
in  its  place  by  the  pressure  of  his  feet  in  the  stirrups.     While  the  point  of  the 
file  is  cutting,  the  strap  passes  over  one  part  of  the  file  only,  while  the  point 
rests  upon  the  anvil,  and  the  tang  upon  a  prop  on  the  other  side  of  the  strap. 


FILE.  497 

When  one  tide  of  the  file  b  tmfle  cut,  a  fine  file  is  run  ilightly  over  the  teeth 
to  take  away  the  roughneny  when  they  are  to  be  double  cut;  and  another  set 
are  then  cut,  crossing  the  former  nearly  at  right  angles.  The  file  is  now 
finished  on  one  side,  and  it  is  evident  that  the  cut  side  cannot  be  laid  upon  the 
bare  anvil  to  cut  the  other.  A  flat  piece  of  an  alloy  of  lead  and  tin  is  there- 
fore interposed  between  the  serrated  surface  and  the  anvil,  while  the  other  side 
is  cut,  which  completely  preserves  the  side  previously  cut.  Rasps  are  cut  in 
precisely  the  same  way,  using  a  triangular  punch  instead  of  a  flat  chiseL  The 
art  in  cutting  a  rasp  is  to  place  every  new  tooth  opposite  to  a  vacant  space  in 
ihe  adjoining  row  of  teeth  The  last  and  most  important  part  of  file-making 
is  the  hardening  them.  In  effecting  this,  three  thines  are  to  be  observed :  1st. 
To  prepare  the  file  on  the  surface,  so  as  to  prevent  it  nrom  being  oxidated  by  the 
atmosphere  when  the  file  is  red  hot,  which  effect  would  not  only  take  off  the 
sharpness  of  the  tooth,  but  render  the  whole  surface  so  rough  that  the  file 
would,  in  a  little  time,  become  clogzed  with  the  substance  it  had  to  work  upon. 
This  is  accomplished  by  laying  a  substance  on  the  surface  consisting  of  salt  dis- 
solved in  water,  and  stiffened  with  ale  grounds  or  common  flour.  When  it  fuses, 
this  forms  a  kind  of  varnish,  which  defends  the  metal  from  the  action  of  the 
air.  2d.  The  heat  ought  to  be  very  uniformly  red  throughout,  and  the  water 
in  which  it  is  quenched  fi^csh  and  cold,  for  the  purpose  of  giving  it  the  proper 
degree  of  hardness.  And  lastly,  the  manner  of  immersion  is  of  great  import- 
ance to  prevent  the  files  from  warping,  which,  in  long  thin  files,  is  very  difil- 
cult.  After  the  file  is  properly  heated  for  the  purpose  of  hardening,  it  should 
be  cooled  as  soon  as  possible.  The  most  common  method  of  effectins  this  is 
by  quenching  it  in  tne  coldest  water.  All  files,  except  the  half-round,  should 
be  immersed  perpendicularly,  as  slowly  as  possible,  so  that  the  upper  part  shall 
not  cool.  Tins  management  prevents  the  file  from  warping.  The  half-round 
file  must  be  quenched  in  the  same  steady  manner,  but  at  the  same  time  that  it  is 
kept  perpendicular  to  the  surface  of  the  water,  it  must  be  moved  a  little  hori- 
zontally m  the  direction  of  the  round  side,  otherwise  it  will  become  crooked 
backwards.  When  the  files  are  hardened,  they  are  brushed  with  water  and 
coke  dust,  the  surface  becoming  of  a  whitish  grey  colour,  as  perfectly  firee  from 
oxidation  as  before  it  was  heated.  They  may  likewise  be  dipped  in  lime  water, 
and  dried  before  the  fire  as  rapidly  as  possible ;  after  which  they  should  be 
rubbed  over  with  olive  oil,  in  wnich  is  mixed  a  little  turpentine,  and  then  they 
are  finished.  To  preserve  them  for  use,  or  pack  them  for  sale,  they  are  wrapped 
in  stout  oiled  brown  paper  in  half-dozens,  the  paper  interposed  between  each 
preventing  any  injury  to  the  opposed  teeth. 

The  operation  of  simple  file  cuttine  seems  to  be  of  such  easy  performance, 
that  it  has  for  almost  two  centuries  been  a  sort  of  desideratum  to  construct  a 
machine  to  perform  that  which  is  not  only  done  with  ereat  facility  by  the  hand, 
but  with  wonderful  expedition.  It  is  said,  that  a  lad  not  very  experienced  in 
the  business,  will  produce  with  his  hammer  and  chisel  nearly  three  hundred 
teeth  in  a  minute.  With  respect  to  machinery,  Mathurin  Jousse,  in  a  work 
entitled.  La  Fldelle  Ouverture  ae  tArt  de  Serrurierf  published  at  La  Flesche,  in 
Anjou,  in  1627,  gives  a  drawing  and  description  of  one  in  which  the  file  is 
drawn  along  by  shifts  by  means  of  wheel-work,  and  the  blow  is  given  by  a 
hammer.  There  are  several  machines  for  this  purpose  in  the  Machmet 
approuvies  par  VAcademie  Royale  de  Paris,  There  is  also  one  published  in 
the  second  volume  of  the  Transactions  of  the  American  Philosophical  Society; 
and  a  patent  was  taken  out  by  Mr.  William  Nicholson,  in  1802,  for  the  same 
object  From  the  knowledge,  talent,  and  assiduity,  of  the  last- mentioned  inventor, 
we  may  be  assured  that  it  was  a  very  elaborate  and  judiciously-constructed 
machine ;  nevcrtlteless  it  was  found  wanting,  and  never  got  into  practical 
operation ;  files,  therefore,  continue  to  be  cut  as  they  were  a  century  ago. 
File-cutting  is  au  art  that  appears,  at  first  thought,  extremely  simple,  but  a  little 
investigation  of  the  subject  will  convince  the  reader,  (as  it  did  ourselves 
many  years  ago,  when  we  designed  a  machine  for  the  purpose,)  that  it  abounds 
with  difficulties,  which,  though  probably  not  of  an  insuperable  nature,  are  such 
as  call  for  unremitting  study,  the  devotion  of  much  time,  and  the  incurring  of 
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a  cMwdenAle  expcnie  to  McomplnL  No  mui,  dwnfcr*,  ihonld  nndMUk*  it 
who  ii  not  poncMcd  of  abnnduit  capital,  lejanie,  and  cooitiuctiTa  tkilL  In 
tfae  operations  of  filing,  the  coaner  cut  filet  an  alwaji  to  be  tnccMded  bj  the 
fln«r,  and  the  general  rule  is  to  lean  heavy  on  the  file  tn  thrnctmg  it  forward 
becaiue  the  teeth  of  the  file  are  made  to  cut  forwudi ;  but  in  drawing  the  file 
back  again  to  make  a  tecond  itroke,  it  i*  to  be  lifted  jiut  above  the  work,  to 
prevent  it«  cutting  or  rubbing  ai  it  comei  back.  The  rough  file,  or  a  rubber, 
•erret  to  take  off  tbe  moet  uneven  part  of  the  work ;  then  foUowi  the  bntlard 
file,  to  reduce  the  file  cuU  or  icoree  of  the  rough  file,  end  next  uniallj  a  imontk 
file,  to  remove  the  ecorea  of  the  baitard,  and  prepaiv  the  work  for  the  hur- 
nilher,  if  it  ii  to  be  poliahed. 

FILLAOREE  WOKK.  A  kind  of  enrichment  on  gold  or  laver,  wrought 
delicately  in  manner  of  little  tbreadi  orgraine,  or  both  intermixed.  In  Sumatra, 
inanufecturei  of  tbii  kind  are  rarried  on  to  very  great  perfection.  But  what 
tenderi  thii  a  matter  of  great  euriouty  ii,  that  the  tooli  made  use  of  are  vei? 
Goane  and  clnmay.  The  gold  ii  melted  in  a  crucible  of  their  own  fanning,  and 
inatead  of  bellowi,  they  blow  with  their  moutha  through  a  piece  of  bamboo. 
They  draw  and  flatten  the  wire  in  a 
manner  similar  lo  that  of  Europeans.    It 

is  then  twiated,  and  thue  a  flower,  or  the  __     '    - 

shape  of  a  flower,  ii  formed.  Pattema  of 
them  or  of  foliage  are  first  prepared  on 
paper,  of  the  aiie  of  the  gold  plate  on  which 
the  fllagree  is  to  be  laid.  According  to 
this,  tliey  begin  to  dispose  on  the  plate  the 
larrer  compartments  of  the  foLage,  for 
which  they  use  plain  flat  vire  of  a  larger 
■iie,  and  fill  them  up  with  their  leaves. 
A  gelatinous  aubatance  is  used  to  fix  the 
work,  and  af^r  the  leaves  have  been 
placed  in  order,  and  stuck  on  bit  hy  bit, 
a  solder  is  prepared  of  gold  filings  and 
borax,  moistened  with  water,  which  tbev 
itrew  over  the  plate,  and  then  putting  it 
on  the  Area  short  time,  the  whole  becomes 
nnited.  When  the  filagree  is  finished,  it 
is  cleaned  with  a  solntion  of  salt  and 
alum  in  water.  Tfae  Chinese  make  moat  of 
their  filagree  of  silver,  which  looks  very 
elegant,  out  is  deficient  in  the  extra- 
ordinanr  delicacy  of  Malay  work. 

FILLET,  in  Architecture,  is  a  narrow 
rectangular  moulding.  In  the  nelalUc 
framing  of  machinery,  oarrow  moulded 
slip*  or  fillets  are  put  in  (he  angles,  to 
facilitate  the  casting  and  strengthen  the 


FILTRATION.  A  proceas  for  freeing 
liquids  from  particle*  held  in  puspension 
in  them,  by  causing  them  to  percolate 
through  various  parous  substances,  which 
intercept  the  insoluble  matter,  but  allow 
a  pstsage  to  the  liquids,  which  are  thereby 
rendered  clear  and  transparent.  The 
purpose  to  which  filtration  is  most  ex- 
tensively applied,  is  the  purification  of 
water  for  domeatic  purposes ;  and  from 
the  importance  of  pure  water  as  regards 
the  preservation  of  health,  and  from  the 
ganeral    complaints   of   the   impurities 
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■bounding  in  tha  wat«r  nipplied  hj  the  difTereot  eomputfn,  the  lubject  bai  <d 
late  excited  much  attention,  and  a  variety  of  filtering  apparotu*  have  been  offered 
to  the  public,  lome  few  of  which  we  propoie  to  descrite. 

The  first  of  thew  machines  which  we  ahall  notice  ii  Meun.  White  and  Aveline'i 
"artificial  apring,"  in  which  the  water  ii  made  to  filtrate  upwardiby  ita  prauure 
■gaimt  the  under  aide  of  a  alone,  the  quantity  filtered  depending  upon  the  area 
of  the  Btone,  and  the  height  of  the  reierroir  frnm  nhicQ  the  water  deacendi; 
bnt  with  a  head  of  35  feet,  which  can  be  obtained  in  most  homes  in  London,  a 
■tone  of  10  inches  square  will  fitter  nearly  thirty  gaQons  per  hour.  The  eo" 
graving  on  the  oppoute  page  exhibits  a  vertical  aecliou  of  the  apparatus,  a 
II  the  cistern  which  receives  the  water  in  its  impure  state ;  it  has  ■  ball  float 
and  lever  to  keep  a  constant  head  of  water  over  the  pipe  b,  and  likewiae  t« 
prevent  any  air  passing  down  it.     The  pipe  6  b  is  shown  broken  off,  that  the 

rce  between  may  be  considered  HH  of  any  required  length.  To  the  lower  end 
the  pipe  there  ii  a  nozle  c  through  which  the  pipe  pasaei,  which  causes  the 
water  to  shoot  up  against  the  under  surface  of  the  filtering  stone  /■  Through 
this  atone  the  water  ooiea  with  great  rapidity,  leaving  the  animalcmie  and  other 
impurities  in  the  lower  part  or  baain  e  of  the  machine,  from  whence  they  are 
drawn  off  occasionally  by  the  cock  g,  and  carried  away  by  the  neate  pip*  A. 
When  the  filtered  water  rises  in  the  reservoir  above  t  to  n  certain  height  die 
filtration  is  stopped  hy  the  rising  of  the  float  I,  which  by  its  lever  or  rod  n,  shuts 
a  cock  0  in  the  supply  pipe.  When  the  atone  has  become  charged  with  a  deporit 
on  its  under  surface,  it  is  capable  of  being  cleansed  by  the  scraper  t  which  is 
turned  round  by  means  of  a  handle  shown  at  the  bottom  of  the  reservoir  t, 
the  axis  passing  throueh  the  stone ;  provision  is  thus  made  for  reviving  the 
filtering  propertiea  of  the  stone  whenever  required,  and  with  very  little  trouble. 
A  very  old  contrivance  for  filtering  water,  but  which  has  been  the  origin  of 
most  of  the  more  recent  apparatus  for  the  purpose,  consists  in  nearly  fillip  the 
two  legs  of  a  pips,  fotmed  either  of  metal  as  in  Fig.  1,  or  of  wood  u  ui  Fig.  2, 
with  washed  sand,  leaving  merely  a  space  at  b  and  e  to  receive  the  turbid  water, 
and  another  at  e  or/  for  the  filtered  water  to  nui  off  b/.    The  chief  olgectioa 


tu  these  maehinea  ia,  that  they  soon  become  foul,  and  coniequent]^  useless, 
until  reatored  by  deandng,  and  this  task,  as  generally  performed,  la  ruch  a 
laborious,  tedious,  and  slopping  one,  that  these  filters  are  usually  abandoned  in 
a  short  time.  This  abjection  seems  to  he  obviated  in  the  arrangement 
shown  in  the  cut  on  the  roUowing  page,  a  is  a  barrel  capable  of  being  turned 
round,  bnt  rendered  itatianary  by  pina  paadng  through  the  extremities  of  their 
bearings  at  (  i ;  e  is  ■  bed  i»  MUid  occupying  about  one-third  of  the  cask ;  d 
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b  the  Bipply  pipe  or  how,  (tny  flexible  lube,)  which  CMdiKti  ibe  turbW  wrter 

from  ■  reKrrtOT  above,  into  the  euk;  at  r  is  a  union  joint  and  noile  piece, 

containing  a  iponge,  irliich  Km  three  purpom :  it  preventi  the  grooeat 

impuritiM  of  the  water  from  ~ 

enteriog  among  the  land ; 

it  prtTCDt*  the  eoliunn  of 

water  from  forcing  up  the 

bed  of  aand ;   and  it  pre- 

renti  the  land  from  falling 

into  llie  pipe.     I'he  filtered 

water   is   drawn   off   at  / 

When    ttie    und    requires 

cleaning,   the  pins   at   the 

bearings   of   the    axis  are 

Uken  out,  and  the  winch  i 

tnmed   so  as  to  bring   the 

UDion  jiuDt  to  the  top  of  the 

eaik,  previous  to  wliich  the 

IHpe  should  be  detached  by 

often  as  necessary, 
:h  fHcility,  that  the  filtering 


fThe  sponge  being  now  removed,  the  water  may  be  li 
the  barrel  turned  by  the  winch  g,  by  which 


uily  washed,  the  water  heiii     

which  it  is  obvious  may  be  effected  with 

powers  may  be  at  any  time  renewed  in  a  f^~  ...... «.i-. 

The  following  engraving,  Fig.X,  refresenti  an  apparatus  of  ai 
byMr.Jamei,  orlCnighubridge.  It  consists  of  two  veeselg  (A 
ware,  placed  upon  a  strong  iland  c.  The  upper  ve«»el,  which  is  coveted, 
receives  the  impure  water  in  s  chamber  d,  at  the  lower  part  of  which  there  is 
a  Urge  aperture,  stopped  by  a  sponge  e,  which  detains  the  grosser  impurities : 
hence  the  water  panes  through  a  finely  perforated  earthenware  plate  into  a 
layer  of  six  inches  of  prepared  charcoal,  through  which  the  water  filters,  and  ii 

Kg.  a. 


thereby  purified  ftom  any  noxious  smells,  u  well  ••  any  floadng  impurities ;  H 
then  passes  tbrouEh  another  perforated  plate  g,  and  is  received  at  h  into  the 
•eparale  vessel,  which  is  a  atone  ware  cask,  from  which  it  may  he  drawn  off  at 
pleasure  by  the  cock. 

A  very  convenient  filtering  machine,  from  its  portability,  is  Wist'*  patent 
filler,  which  is  shown  in  the  preceding  cut,  Fig.  2.    o  is  a  force  pump;  b  a 
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■uetion  |UM,  to  be  luierted  in  a  pail  or  other  venel  of  water  j  e  the  pipe  vhich 
G<niducti  the  water  out  of  the  pump  to  the  top  of  the  veuel  d;  >  ii  a  receiver 
fbr  the  purified  water;  /a  cock  for  drawing  it  oSjo  g  g,  icrewi  for  tepantine 
Ae  receiTer  from  the  machine  whaa  reared.  The  filtering  mbitancei  uied 
io  thii  apparatus  are  of  the  same  description  ai  in  the  foregoing  onei.  The 
upper  portion  of  the  filter  down  to  the  letter  rf  in  the 
engrsTUig,  i*  left  vacant  for  the  dirty  water  which 
firM  patMt  throufh  a  thin  hed  of  charcoal,  and  then 
through  a  bed  ^  land  occupjing  the  recoalnder  ot 
the  ve»el,  and  supported  bj  a  penorated  metal  plate, 
covered  with  a  few  laj'ert  of  flannel. 

A  very  simple  method  of  freeing  water  from  its 
impurities  hy  means  of  the  capillary  attraction  of 
fibrous  enhstaDcei  ii  repreiented  in  the  annexed 
engraving,  a  it  the  reservoir,  b  the  lower  com- 
partroeot,  e  an  open  tube  soldered  into  the  bottom 
of  the  reserroir,  in  which  is  put  a  viclt  of  cott«n 
or  wool,  (the  latter  is  beat,)  with  one  end  immersed  in 
the  bottom  of  the  reeervoir,  whiljt  the  other  end 
haiu^  down  &  little  iwlow  it,  forming  a  kind  of 
ayphon.  The  water  in  rising  by  the  capillary 
attraction  between  the  filament*  depotitt  the  gross 
matter  floating  therein,  and  deacendi  in  a  compara- 
tively pure  ilttte  into  the  vesael  b,  or  into  a  jug 
,    placed  tbereiu. 

1^  figures  repreaanled  in  page  502,  are  a  portion  of  Mr.  Suwerkrop'a  appa- 
Tstm  for  filtering  and  heating  water. ,  f^.  1  shows  a  side  elevation  of  the  veaaeli 
in  question;  and  .^.2  is  a  vertical  section  of  the  same.  The  letters  have  refer- 
ence to  similar  parts  in  each  figure.  The  water  is  supposed  to  be  conveyed  by 
the  jnpe  a  from  a  reservoir  situated  upon  a  higher  level  than  the  cask  b,  whica 
is  divided  by  the  partition  c  into  two  equal  parts,  forming  thereby  a  double  fi' 


taring  machine.  In  each  of  these  divisions,  the  filtering  substancn  and  the 
•iraiuement  of  them  are  the  same.  As  the  water  flows  from  a  higher  level, 
it  wilTof  coune  ascend  through  the  filtering  substances,  and  flow  out  at  the 


upper  part.  The  first  substance  which  it  has  to  pass  through  is  ( 
d,  made  by  coiling  up  and  sewing  together  a  rope  of  plaited  bme-hair,  which 
detains  the  grossest  of  the  impuntiea;  from  thu  it  passes  through  a  floor  or 
lillir  bottom  of  wood,  *,  pierced  throughout  with  numerous  small  holes ;  upon 
the  wooden  bottom  is  laid  first  a  stratum  of  coarse  gravel  or  small  pebbles,  over 
this  is  put  a  layer  of  finer,  then  a  layer  of  finer  sdit,  and  lastly,  a  bed  of 
land/,  about  six  or  seven  inches  thick ;  from  this  the  water  rises  in  a  tolerably 

re  state  ;  If  not  sufficiently  punfied,  '"^'^'^^^^  of  drawing  it  ofi"  for  use,  it  may 
allowed  to  pass  through  the  curved  pipe  h  mto  the  upper  division  i  of  the 
cask.  The  water  continuing  to  rise,  then  percolates  luccesdvely  through  the 
horse-hair  mat  j,  the  perforated  floor  t,  and  the  various  strata  of  the  sand  and 
gravel  I,  finally  flowing  out  of  the  cask,  and  through  the  pipe  m,  into  the  heating 
vat  n.  The  vat  is  constructed  with  a  (umaea  o,  and  flue  p  p  inaids  of  it,  aU 
made  of  copper,  except  the  grating  for  the  fuel,  which  is  made  of  cast  iron  as 
nnial ;  copper  being  preferred  for  the  flue  on  account  of  it*  oxidating  less  r^idly 
thu)  iron  or  other  cheap  material*.  The  heated  air  or  gases  first  rise  up  the 
neck  s  into  the  hollow  sphere  r,  which  becomes  soon  occupied  with  intensely 
heatea  air,  fi^m  whence  it  has  little  disposition  to  descend  and  escape  by  means 
of  the  spiral  tubes,  which  finally  become  fiues  for  the  grosser  products  of  the 
combustion ;  as  these  tubes,  however,  make  a  long  drouilous  course  ihroufh  the 
'    if  water,   the  heat  is  almost  wholly  abaorbed  by  iL     The  ftimace  and  flues 


re  supported  and  kept  in  their  positions  by  stays  fixed  to  the  sides  of  the  vat,  ai 
""       ■  ■       ■  B  in  the        '   ■    "     ■  '      " 

^..,  _.    .       .    „ ._    le  horse-hair  mats,  by  pasaiogi 

them  downwards ;  and  for  talcing  out  and  refreshing  the  layers 


shown.     The  three  closed  apertures  in  the  cask  b.  Fig.  1,  are  for  the  several 

''     '  '   ■     nats, by pasi'  '■        "■ 


purposes  of  washing  the  bottoms  of  the  horse-hair  mats,  by  pasaiog  water  through 
them  downwards ;  and  for  taking  out  and  refreshing  the  layers  ''  — '  '*"' 
grarel  when  they  have  beooms  foul  by  deposition  from  the  water. 


The  engraving  on  tha  next  page  represent)  iiu  apparatiu  contrired  b;  Mcmt*. 
Williuns  and  Doyle,  for  the  purixue  of  leparating  the  salt  from  KK-aater,  by 
merelj  cauiinK  it  lo  percolate  through  a  bodv  of  und  under  mechanical  com- 
jRVadon,  andtaua  to  render  it  ireih.  Could  thu  object  be  obtained  l>]reuchmMn% 
the  inTeiiti<Hi  irould  doubdeai  be  one  of  the  utmoit  importaDce  to  navigation,  ai 
it  would  render  a  itore  of  freih  water  unneceiur;,  thereby  affording  additional 
■towage  for  pTOviiioiu  or  cargo;  but  we  are  not  aware  of  any  eiperimenta 
pronng  that  siihitancee  diuolved,  and  chemically  combined  with  a  liquid,  can 
M  leparated  by  filtration ;  we  therefore  apprehend  that  the  s^paratue  would  be 
ineffectual  for  the  object  the  inventon  had  in  view,  altbougb  it  may  prore  *ery 
efficient  in  freeing  water  from  any  impuritiei  floating  or  nupended  in  it  l%e 
fnliowine  deicription  of  the  engraving  (which  repretenli  one  of  the  lereral 
mode*  of  coDBttuction  propoted  by  the  ioventon),  ii  derived  from  the  ipecifi- 
cation  of  their  patent  ana  part  of  the  caalc  sappoaed  lo  contain  aea  wat«r ; 
6  a  tube  deicending.d)erefrDm,  made  fait  by  bondi  c  c  e  to  the  flllerinc  *pp^- 
ratui  d  d,  which  ii  a  Itrong  iquire  trunk  c^  wood,  lined  internally  with  ■beet 
lead,  which  are  cemented  together  to  prevent  the  interpoution  of  water. 
This  part  of  the  ^paratus  ie  given  in  section,  that  the  construction  and  arrange- 
ment may  be  seen  at  one  view;  r  is  the  lower  chamber,  where  the  water  ll 
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flnt'ncMvedi  /  u  k  ttttmg  itool  of  open  frame  work,  supported  on  five  (tout 
leg*,  ff.  A  plan  of  thu  itool  ii  given  in  a  leparate  fi^re  P,  the  ntuation  of 
e^  of  the  five  legi  beinf;  marked  irilh  B  ff.  Over  thu  ihort  frame  is  nailed  k 
plate  of  copper,  pierced  with  numeroui  imall  hoUi ;  this  plate  ii  also  ihown  hy 
B  aeparate  figure  H.  Over  the  petforated  plate  are  Mveral  Uyera  of  woollen 
cloth,  or  woven  hone-hair  i,  and  above  theie  a  body  of  aand  i,  filling  up  the 


entire  tmnk ;  on  the  (op  ii  placed  a  sliding  cover  /,  which  U  operated  upon  by 
ft  strong  icrew  m,  workmg  ihrourh  a  fixed  nut  n,  which  ii  lupported  by  curved 
iron  arm*,  extending  from  opposite  aides  of  the  trunk.  The  sand  having  been 
compressed,  by  the  agency  ot^  the  screw,  into  a  more  dense  and  compact  mass, 
is  prevented  &om  riling  by  the  pressure  of  the  water,  which  percolating  through 
the  minute  inteiistices  to  regain  its  level,  deposits  its  salt,  and  runs  out  by  thepipo 
0  in  a  fresh  state  into  a  vessel  p  placed  to  receive  it.  When  the  sand  has  become 
■aturated  with  salt,  it  is  to  be  removed  by  taking  out  the  screw  and  the  press- 
ing board  / ;  the  man  boles  r  r  may  then  be  opened  by  unscrewing  the  )ilug«, 
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when  the  other  materials  may  be  eanly  sifted.  These  matters  beiag  eom]J«ted, 
a  fresh  quantity  of  sand  may  be  taken  from  the  ballast  of  the  ship,  and  Uie 
process  of  filtration  continued  as  before. 

We  shall  close  this  article  with  a  description  of  a  Teiy  convenient  apparatus 
for  filtering  liquids  out  of  contact  with  the  atmosphere,  invented  by  Mr.  Donovan. 
By  means  of  this  arrangement,  alkalies  can  be  preserved  in  their  caustic  state, 
the  absorption  of  carbonic  add  by  the  alkali  heme  prevented,  a  is  a  bottle  of 
green  glass,  with  a  funnel-shaped  end  inserted  into 
another  botUe  (,  the  junction  bemg  luted  or  ground  to 
fit  dosclv ;  the  neck  d  of  the  upper  vessel  has  a  cork 
tightly  fitted  to  it,  perforated  m  the  middle  for  the 
reception  of  the  glass  tube  c,  which  being  bent  down- 
wards, enters  the  branched  neck  e  of  the  lower  vessel, 
thus  connecting  them  tether,  and  opening  an  air 
passage  between  them.  The  funnel-ehaped  end  of  the 
upper  vessd  has  a  piece  of  linen,  loosely  rolled  up,  placed 
in  it,  for  the  purpose  of  filtering,  but  for  the  corrosive 
acids  a  stratum  of  pounded  flints  should  be  employed 
instead  of  the  cloth.  To  charge  the  upper  vessel  with 
the  alkaline  solution,  the  tube  e  must  of  course  be 
removed,  and  the  first  droppings  should  be  allowed  to 
run  to  waste  previously  to  the  apparatus  being  fitted 
together,  that  no  absorption  of  carbonic  add  may  take 
place  in  the  filtered  liquor.  When  the  whole  is  properly 
closed,  the  filtration  will  proceed  without  the  possibilitv 
of  absorption.  Now  it  is  evident  that  no  liquor  can  fall 
from  the  upper  vessel  without  an  equal  volume  of  air 
entering  it,  and  that  none  can  enter  the  lower  without  an 
equal  bulk  escaping  firom  it  Both  these  conditions  are 
fulfilled  by  the  connecting  tube  c,  the  air  being  driven 
from  the  lower  into  the  upper  vessel  at  every  dropping 
of  the  filtered  liquid.  The  whole  process  is  therefore 
conducted  without  the  access  of  more  air  than  the  vessels 
at  first  contained,  and  in  the  most  deanly  and  perfect 
manner.  The  utiUtv  of  this  contrivance  is  veiy  extensive. 
The  most  volatile  liquids,  as  ether,  alcohol,  ammoniacal 
liquors,  volatile  oils,  &c.  may  be  filtered  without  loss,  as  the  vapours  cannot 
escape  during  the  operation ;  and  by  the  exclusion  of  the  atmosphere  in  the 
filtration  of  a  varie^  of  fluids,  other  injurious  effects  to  which  they  are  subject 
by  the  common  process,  may  be  entirely  obviated. 

FIRE,  in  Natural  Philosophy,  combustion,  or  the  decomposition  of  combustible 
bodies,  accompanied  with  light  and  heat.  The  word,  however,  has  been  used 
in  such  various  senses  by  philosophers  of  different  schools,  that  in  works  of 
close  reasoning  it  is  now  generally  exchanged  for  that  of  combustion,  as  a  term 
affording  a  more  definite  meaning.  Fire,  under  this  view  of  the  sul^ect,  is  not 
a  subst^ce,  but  a  quality.  It  supposes  two  or  more  bodies  entering  into  com- 
bination, attended  with  an  emission  of  light  and  heat.  All  these  phenomena 
may  take  place  separately,  but  it  is  a  compound  operation,  resulting  from  the 
union  of  the  whole,  that  aJone  produces  fire. 

FIRE  ARMS  are  all  sorts  of  arms  charged  with  powder  and  ball ;  as  cann<m, 
mortars,  muskets,  pistols,  &c.     See  Cannon,  Oun,  &c. 

FIRE  ENGINE.  An  engine  for  projecting  water  upon  buildings  on  fire. 
Buckets  composed  of  wood,  leather,  or  other  suitable  material,  were  the  only 
means  employed  in  England  and  on  the  continent  for  extinguishing  fires,  up  to 
the  iniddle  or  dose  of  the  sixteenth  centuiy.  The  earliest  mention  of  any 
description  of  fire  engine  with  which  we  are  at  present  acquainted,  occurs  in 
the  building  accounts  of  the  dty  of  Augsburg,  in  Germany,  in  the  year  1518. 
The^  are  tnere  described  as  "instruments  for  fires,"  and  "water  syringes, 
useful  at  fires.*'  They  are  stated  to  have  been  made  by  Antliony  Blatner,  a 
goldsmith  of  Friedburg,  who,  in  the  year  above  mentioned,  became  a  dtixen  of 
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Angsbiurg.    Thete  qrrinffet  appear  to  have  been  of  oonnderable  magnitude,  aa 
thev  were  mounted  on  wheels,  and  worked  by  levers ;  Uiey  are  also  represented 
to  nave  been  expensiTely  constructed.    Cas]^  Schott,  the  well-known  Jesuisty 
states,  that  small  engines  of  this  description  were  used  in  his  native  city 
(Konigshofen)  in  the  year  1617.  This  writer  has  also  furnished  a  short  account 
of  a  much  burger  one,  which  he  saw  tried  at  Nuremburg,  in  1657.     It  was 
constructed  by  John  Hautsch,  of  that  place,  and  was  mounted  on  a  sledge  ten 
feet  long  by  four  feet  broad,  which  was  drawn  by  two  horses.    It  had  two 
working  cjrunders  placed  horiaontally  in  the  cistern,  which  was  eight  feet  loi^, 
four  feet  high,  and  two  feet  broad.    It  was  worked  by  twenty-eignt  men,  and 
threw  a  jet  of  water  one  inch  in  diameter  to  the  height  of  eis'hty  feet     This 
is  the  largest  and  most  powerftil  squirting  engine  of  which  we  nave  any  record. 
The  Engfish  appear  to  have  been  unacquainted  with  the  pnwress  made  by  the 
German  engineers,  or  to  have  been  very  slow  in  availing  £emselves  of  their 
discoveries;  for  at  the  close  of  the  sixteenth  century,  hand-squirts  were  first 
introduced  in  London  for  extinguishing  fires.    They  were  usuaUv  made  of 
brass,  of  various  sixes,  holding  mm  two  to  four  quarts  of  water  eacn.    Those 
of  the  former  capacity  were  iwout  two  feet  and  a  half  long,  and  one  inch  and 
a  half  in  diameter,  HaaX  of  the  nozle  being  half  an  inch.    They  were  ftumished 
with  handles  on  each  side,  and  everv  synnge  required  three  men  to  work  it. 
One  man  on  each  side  grasped  the  dandle  in  one  hand  and  the  nozle  in  the 
other,  while  a  thurd  man  worked  the  piston  or  plunger,  drawing  it  out  while  the 
nosel  was  immersed  in  a  supply  of  water,  which  filled  the  cylinder;  the  bearers 
then  elevated  the  nozle,  when  the  other  pushed  in  the  plunger,  the  skfll  of  the 
bearers  being  employed  in  directing  the  stream  of  water  upon  the  fire.    In  the 
vestry-room  of  St  Dionis  Backchurch,^  in  Fenchurch-street,  London,  there  are 
still  preserved  several  of  these  tymges,  the  property  of  that  parish.    They  are 
said  to  have  been  used  at  the  great  fire  in  1666,  when  one  of  the  set  (originally 
six)  was  lost,  and  several  others  much  damaged.     These  svringes  present  a 
valuable  and  interesting  relic;  for  although  the  number  of  them  formerly  dis- 
persed throughout  the  city  was  once  very  great,  very  few  indeed  of  them  are 
now  to  be  seen.    Soon  after  the  commencement  of  the  seventeenth  century 
the  Londoners  perceived  the  convenience  that  would  arise  firom  fixing  these 
squirts  in  a  porteble  cistern,  and  appl^rinff  their  power  through  the  medium  of 
a  lever:   the  fire  engine  thus  obtained  was  considered  a  great  mechanical 
achievement    The  advantages  restdting  from  this  arrangement  were  certainly 
considerable,  as  they  permitted  a  larger  syringe  to  be  used,  which  could  he 
worked  easier,  as  well  as  much  faster,  than  the  nand  squirt    This  simple  form 
of  engine,  however,  had  many  inconyeniences ;   they  projected  the  water  by 
spurts  only,  a  cessation  of  the  stream  takine  place  between  each  stroke  of  the 
piston,  in  consequence  of  which  a  great  deu  of  water  was  lost,  and  a  difficulty 
was  experienced  in  accurately  projecting  the  stream.    To  be  useful,  it  was  also 
necessary  to  place  these  engines  very  close 'to  the  fire,  which  exposed  the 
persons  working  them  to  imminent  dan^  from  the  falling  of  the  burning 
Duildings.    That  these  engines  were  but  imperfectly  constructed,  and  deficient 
in  strength,  we  leam  firom  a  recorded  circumstance,  that  three  of  them  which 
were  taken  to  extinguish  a  large  conflagration  on  London  bridge,  in  1633,  and 
were  then  considered  "  such  excellent  things,  that  nothing  that  was  ever  devised 
could  do  so  much  good,  yet  none  of  these  aid  prosper,  for  they  were  all  broken.*' 
The  following  description  of  an  engine  of  this  kind  has  been  handed  down  to 
us  by  Mr.  Clare,  in  his  work  on  the  Motion  of  lUiids,  published  in  1735. 
*'  Engines  for  extinguishing  fires,"  he  observes,  '*  are  either  forcing  or  lifting 
pumps,  and  being  intended  to  project  water  with  great  velocity,  their  effect  in 
great  measure  depends  upon  the  length  of  their  levers,  and  the  force  with 
which  they  are  wroiieht    A  common  squirting  engine  which  was  constructed 
on  the  latter  principle,  consisted  of  a  large  circular  cistern,  like  a  great  tub, 
mounted  upon  four  small  solid  wheels,  running  upon  axletrees,  which  supported 
the  vesseL    A  cover  or  false  bottom,  perforated  with  numerous  small  holes, 
was  fixed  inside  the  cistern,  about  a  foot  below  the  upper  edge,  and  about  three 
feet  firom  the  bottom.    In  the  centre  of  the  perforated  cover  was  fixed  a  lifting 
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pump,  to  die  pifton  rod  of  which  was  attached  a  croei-lree  eairving  two  Tertieal 
connecting  rods,  which  were  timultaneouily  worked  up  and  down  by  manual 
labour,  by  means  of  two  curved  levers  (similar  to  common  pump  handles,)  on 
opposite  sides  of  the  machine.    During  the  downward  motion  of  Uie  piston,  a 

auantity  of  water  passes  through  the  TiUTe  on  its  upper  suifkoe,  and  gets  above 
^e  piston,  and  during  the  ascendii^  stroke,  this  water  is  driven  with  ereat 
velocity  tibrough  a  branch  pipe  provided  with  a  flexible  leather  joint,  or  by  a 
ball-and-socket  motion,  screwed  on  to  the  top  of  the  pump  barrel    Between 
the  strokes  the  stream  is  discontinued.    This  engine  is  supplied  with  water 
poured  into  the  dstem  by  buckets,  &c.,  the  perforated  cover  before  mentioned 
Keeping  back  all  such  matters  as  would  be  likely  to  choke  or  injure  the  pump- 
work."    A  year  after  the  great  fire  of  London,  that  is,  in  1667,  an  act  of 
Common  Councfl  was  passed  ''  for  nreventing  and  suppressing  fires  for  the 
future,"  in  wUch,  among  other  ealutai^  provisions,  was  enacted  that  the 
several  parishes,  the  aldermen,  and  dirorent  companies,  diould  provide  a 
certain  number  of  buckets,  hand  squirts,  fire  engines,  &c«;  which  snows  that 
these  were  the  only  conUivances  then  known  for  the  purpose.    We  may  also 
infer  that  the  fire  engines  were  not  much  to  be  relied  umm  at  that  time,  from 
the  sreater  importance  attached  to  hand  squirts  and  Duckets.      With  such 
inefficient  means  it  is  not  to  be  wondered  at  that  fires  spread  as  they  used  to 
do,  but  rather,  taking  into  account  the  buildings  of  that  period,  that  they  were 
extinguished  at  all.  Towards  the  close  of  the  seventeenth  century,  M.  Duperrier, 
in  France,  Leupold,  in  Germany,  and  Newsham,  in  England,  introduced,  almoat 
contemporaneously,  fire  engines  of  a  veiy  improved  description,  which  soon 
came  into  general  and  extensive  use.    The  most  novel  and  important  feature 
of  Uiese  engines  consisted  in  the  employment  of  an  air  chamber,  which  rendered 
the  stream  of  water  continuous  and  uniform ;  together  with  the  equaUy  hn- 
portant  and  valuable  addition  of  the  flexible  leathern  hose,  of  any  requisite 
length,  invented  by  the  brothers  Jan  Van  der  Hdde,  and  first  tried  by  diem  at 
Amsterdam,  in  the  year  1672.    These  contrivances  enabled  the  stream  of  water 
to  be  conveyed  a  considerable  distance  f^om  the  engine,  and  directed  upon  the 
flames  with  the  greatest  precision  and  effect      m  the  engines  of  Leupold, 
Duperrier,  and  some  others,  one  working  cylinder  only  was  employed  in  con- 
junction with  an  air  vessel.  These  machines  very  much  resembled  tiie  common 
garden  engines  of  the  present  day,  which  are  too  well  known  to  require 
describing  in  this  place.    Newsham  used  two  cylinders;  and  the  foUowing 
description  of  his  nre  engine  wiU  be  read  with  much  interest,  when  it  ia 
considered  that,  so  perfect  was  his  machine,  at  the  expiration  of  above  a 
century  we  still  find  it  nearly  as  he  left  it     Various  convenient  alterations  and 
improvements  have  in  the  course  of  this  period  been  made  in  Uie  details  of  this 
engine,  but  the  general  character  and  moae  of  construction  adopted  by  Newsham 
have  not  yet  been  surpassed. 

The  following  engraving  represents  a  perspective  view  of  Newsham's  engine, 
ready  for  workmg.  It  consists  of  a  strong  oak  cistern,  about  three  times  as  long 
as  it  is  broad,  mounted  on  four  wheels,  and  drawn  by  the  handle  a.  The  under 
part  of  the  cistern  is  cut  away  in  fifont,  to  allow  the  fbre-wheds  to  lock  in 
turning  round :  the  earliest  engines  were  not  furnished  with  this  contrivance, 
but  none  are  now  built  without  it  At  6  is  an  inverted  pvramidieal  case, 
enclosing  the  pumps  and  air  vessel,  forming  a  platform  c,  on  which  the  fireman 
formerlv  stood  to  direct  the  jet  of  water  issuing  from  the  apout  or  branch  pipe 
d.  Tlus  branch  pipe  is  attached  to  the  air  vessel  by  two  brass  elbows,  the  first 
of  which  is  screwed  on  the  top  of  the  air  vessel,  and  the  second  elbow  screws 
upon  the  first  by  a  fine  screw  of  several  threads,  so  truly  turned  as  to  be  per- 
fectly water-tight  in  everv  direction.  The  first  elbow  revolves  on  the  top  of^the 
air  vessel  horizontally,  while  the  second  elbow  revolves  on  Uie  first  vertically; 
the  combination  of  these  two  motions,  therefore,  permits  tihe  branch  pipe  to  ne 
guided  in  every  possible  direction.  This  contrivance,  however,  is  now  obsolete, 
except  in  smdl  garden  engines,  whero  it  is  used  in  an  improved  form.  The 
flexible  leather  hose  afibrds  such  a  ready  and  convenient  method  of  oonduelinff 
the  stream  of  water  to  any  reqmred  point,  that  all  Bre  engines  are  fnmii^ea 
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with  *  praper  quantity  of  it,  to  the  extremi^  of  which  the  branch  pipe  !■ 
attached.  At  the  hinder  part  of  the  eneine  ii  leeD  a  itrong  leather  auction 
pipe  (prevented  from  collapiing  hy  a  spiral  piece  of  metal  nuiniog  throughout 


iwed  OQ,  when  required,  to  a  braii  niuile  at 


the  lower  end  of  the  ciilern ;  the  other  end  u  Aimiahed  with  a  roH  or  itraincT, 
and  immerMd  in  the  water  supplied  hj  a  pond,  fire-plug,  &c     To  the  binder 

Eart  of  the  dstein  ii  added  a  wooden  trough  e,  with  a  copper  gratine  (for 
eeping  out  atones,  aand,  dirt,  &e.)  through  vliich  the  ciatem  u  aupplied  with 
water,  when  the  snctioD  pipe  cannot  he  used.  An  open  space  ia  lelt  in  the  fora 
part  of  the  engine,  alio  funiished  with  a  copper  grating,  through  which  water 
may  be  poured  into  the  ciatem.  In  working  this  engine,  the  handlea//,  riaihle 
on  each  nde,  are  moved  up  and  down,  which  givea  alternate  motion  to  the  two 
pumps.  The  workEng  ia  alio  asriated  by  persona  who  Stand  on  two  suspended 
treadles  g  g,  throwing  their  weight  on  each  alternately  as  the;  descend,  and 
keeping  theniselvei  steady  b;  means  of  the  two  rails  k  h.  The  use  of  treadles, 
however,  has  been  diacon^ued  for  some  time,  and  thej  only  now  remain  in 
a  few  of  the  oldest  engines.  Over  the  hiud  trough  there  is  an  iron  handle  or 
key  f,  which  tuma  the  suction  cock  (a  three-way  cock)  situated  beneath  it 
While  the  engine  is  working  from  water  drawn  through  the  suction  pipe,  the 
handle  ■'  stuida  in  the  Erection  of  the  cistern,  as  drawn ;  but  when  the  engine 
works  from  water  contained  in  its  own  cistern,  this  handle  is  turned  •  quarter 
round,  into  the  position  ahown  by  the  dotted  lines.  Between  the  pyramidal 
case  b  and  the  fore  end  of  the  engine,  there  is  a  strong  square  iron  shaft  k, 
lying  in  a  horizontal  position  over  the  middle  of  the  ciatern,  lengthwise,  and 
playmg  in  brasses  at  each  end,  one  of  which  is  seen  placed  between  the  two 
uprights  1 1  supporting  the  hand-raila.  Upon  this  shaft  are  fitted  two  alout  iron 
urs  or  levers  m  m,  one  at  each  end,  which  carry  the  cylindrical  wooden  handle* 
//,  by  which  the  engine  is  worked.  The  treadle*  gg  *re  suspended  at  the  end 
in  pitched  chaina,  and  receive  their  motion  jointly  with  the  handlea  that  are  on 
their  respective  sides,  by  means  of  iron  double  sectors  fixed  upon  the  shaft  k ; 
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the  foremoit  weUn  are  Ken  at  m,  the  other*  are  contained  withio  the  npriglit 
boxfi. 

Pig.  2,  in  the  lubgdned  engraTingi,  ii  a  lectian  of  the  woAing  parta  of  thi* 
engine  Iltniiigh  tbe  eylinden,  ai  teen  on  looking  Avm  the  fore  part  of  the  da* 
tern  toward!  the  air  venel ;  a  o  are  the  working  cylinder!  or  piiiD»4>aTTel! ;  pp 
the  ^Iton  rodi,  with  iquare  holei  to  csrrj  one  end  of  the  treadle! ;  q  'u  tiie 
double  lector  connected  with  the  piiton  roda  b;  the  chain*  before  mentioned. 
It  will  be  leen  that  there  are  two  chaini  to  each  piiton,  one  paning  from  the 
top  of  the  lector  to  the  lower  end  of  the  piiton  rod ;  the  other  from  the  top  of 
the  piiton  rod  to  the  bottom  of  the  lector.  The  cbaini  are  riveted  to  the 
•ecton,  and  attached  to  the  piiton  rodi  by  icrew  nuti,  which  allow  them  to  be 
kept  conitantlj  Eight.  The  pialon*  rr  are  formed  of  two  round  platea  of  bran, 
amaller  in  diameter  than  the  harreti,  put  into  itout  leather  cupa,  and  faitened 
together  by  a  nut,  which  icrewi  on  the  piiton-rod  below  the  piitoni ;  >i  «i  ii  a 
portion  of  one  of  the  lereri,  by  which  the  engine  ii  worked  ;  toe  lituation  of  the 
two  entrance-TalTei  ii  leen  at  the  bollom  of  each  cylinder.  Fig.  3  ii  another 
aection,  taken  verticallj  through  the  hinder  part  of  tae  engine,  ihowing  one  of 


the  cylinden  o  and  the  atr  veitel  4.  On  the  floor  of  the  cistern  ii  placed  the 
•tandinc-^ece,  or  sole,  of  cait-bran,  which  reachei  from  the  noale  i  through 
the  lucuon  cock  y,  and  afterwaidi  divide!  iUelf  into  two  hrancbea,  ao  a*  to  open 
under  each  of  the  harreU ;  one  of  tbete  panagM  ia  leen  in  the  figure,  the 
other  ii  lituated  exactly  behind  it ;  through  then  channel!  water  ii  conveyed 
to  the  pnmpi,  either  from  the  ditem  itiel^  or  firom  any  place  without,  by  meani 
of  the  auction  pipei.  The  two  cylinder!  are  icrewed  down  upon  the  itauding, 
or  ai  it  ia  frequently  termed,  die  nicking  piece,  with  plate*  of  leather  between' 
them,  which  makei  the  jointi  water-tight,  end  alio  fonna  the  valvei,  one  of 
which  appear!  at  t.  Each  cylinder  hai  a  projecting  piece  cait  on  its  lower 
lido,  whicn  fonu  a  aeat  for  the  air  veuel,  and  a  communication  into  it,  which 
b  cloied  by  a  valve  opening  upward  at  v.  The  leather  valvei  are  kept  doied, 
and  alao  Krengthened  by  a  piece  of  metal  having  a  tail,  which  paiaei  through 
the  leather,  and  ii  croii-pinned  under  it.  When  the  engine  ii  at  real,  all  four 
of  the  valval  continue  cloied  by  their  own  weight;  but  when  the  engine  U 
working,  two  are  opened  and  ihut  alternately.   9  i«  the  lector  on  the  uiaft  k, 
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Kni  g  a  one  of  Ihe  treddlei  in  its  bearing  on  the  piaton-rodi  >  shoTi  the 
internal  coDitruction  of  the  air  veuel.  The  action  of  thia  engine  ii  exceed- 
inglydmple;  on  railing  the  piston  r  a  pattial  vocuiun  ii  produced  in  the  cyliO' 
der  0,  when  thepceuure  of  the  atmrapLere  forcei  the  water  up  the  auction 
pipe  through  the  cock  y,  along  the  sole,  and  lifting  the  valve  t  intd  the  cylinder. 
Upon  the  piston  reaching  the  top  of  its  stroke,  and  beginning  to  descend,  the 
valve  t  closes,  and  prevents  the  water,  which  has  entered  tiie  cylinder,  from 
returning  by  the  wav  it  came ;  being  urged  by  the  forcible  descent  of  the 
■pataa,  it  ii  driven  along  the  communication  into  the  air  Tessel,  raising  the 
valve  t>  in  its  progress,  which  closes  again  the  moment  the  water  has  all  passed 
through.  While  this  procesi  has  been  going  on,  the  other  cylinder  has  become 
filled  with  water,  whicn  is  now  discba^ed  in  ila  turn  into  the  air  vessel,  and  so 
on  continuously.  On  the  water  first  entering  the  air  vessel,  a  quand^  of  air 
is  expelled ;  but  so  soon  as  the  water  rises  to  the  dotted  line,  the  lower  orifice 
of  the  exit  pipe  becomes  covered,  and  the  escape  of  any  farther  porUon  of  air 
is  prevented;  the  air  is  therefore  gradually  driven  by  the  continued  influx  of 
water  into  a  much  imaller  space  than  it  originally  occupied,  and  by  its  elastic 
force  reacting  on  the  sur&ce  of  the  water,  drives  up  the  upright  pipe  ■,  along 
the  leather  hose,  and  out  at  the  branch-pipe,  with  so  great  velocity  as  to  break 
wmdows,  Sec,  and  throw  up  a  jet  to  the  height  of  ilzly  or  seventy  feet  New- 
sham  met  with  great  encouragement,  his  patent  bebg  renewed  for  a  second 
term ;  his  engines  were  eagerly  purchased  by  the  government,  nobility,  and 
gentry,  the  diSerent  parishes,  and  by  the  various  fire  insurance  companies  that 
were  formed  about  this  time ;  vii.  the  Hand-iu-Hand,  in  1696 ;  the  Union,  in 
1714 ;  and  the  London  Assurance  Corporation,  in  1720. 

In  the  year  1 792,  Mr.  Charles  Simpkin  took  out  a  patent  for  an  improve- 
ment in  lire-engines,  which  consisted  in  the  employment  of  separate  chambers 
for  containing  the  valves,  instead  of  placing  them  within  the  cylinders  and  air 
vessels,   as  was  done  previously.      Mr.  Sunp'"'      '  "       "   '      "  -'  -   "  —      ' 


engine  it  was  infinitely  superior  to  any  previonsly  built ;  the  only  method  of 
conveying  New  sham's  engine  about,  was  by  placing  it  in  a  cart  or  waggon  made 
purposely  for  it,  and  many  of  our  metropolitan  readers  will  recollect  that  the 
London  Assurance,  Royal  Exchange,  and  Phcenix  Fire  Offices,  continued  to  run 
Newsham's  engines  in  this  manner  to  the  end  of  the  year  1 832,  when  these  and 
other  offices  combined  in  forming  a  general  fire-engine  establishment,  which 
■idopted  Siimpkin's  form  of  engine.  The  above  cut  represents  a  side  elevation  of 
one  of  Mr.  Sunpkin's  engines,  the  principal  working  parts  of  which  are  shown 
in  section.  The  cistern  aha  at  oak,  about  seven  feet  lone  by  two  feet  broad ; 
the  pockets  d  and  the  upper  part  c  are  made  of  fir,  for  the  sake  of  lightness,  great 
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strength  not  beinff  required  in  these  parts.  The  cistern  is  supported  by  strong 
springs  on  four  swMtantial  wheels.  Tne  hinder  axle  is  bent  like  a  crank,  to  give 
due  ^av  to  the  springs,  and  permit  large  wheeb  to  be  used  without  raising  the 
body  of  the  engine  to  an  inconvenient  height  for  working.  The  fore  carriage 
locks  under  the  front  of  the  cistern,  which  is  cut  away  for  that  purpose ;  it  is  fur- 
nished with  a  pole  and  also  shafb,  to  suit  either  cart  or  carriage  horses,  ff  are  the 
handles  working  the  shaft  f  e  by  means  of  two  levers.  When  not  in  use,  the 
handles  are  kept  in  their  present  position  by  the  forked  bar  g.  The  suctbn- 
pipe  screws  on  to  the  nozle  A,  otherwise  closed  by  a  brass  cap.  There  is  a 
screwed  nozle  i  on  each  side,  for  attaching  the  deliveiy  hose,  which  may  be 
fixed  on  to  either  side,  or  both  sides,  at  pleasure.  The  pockets  d  carry  two  six- 
foot  lengths  of  suction  pipe,  and  two  branch  pipes,  one  long,  the  o&er  short. 
The  other  equipments,  generally  about  six  forty-feet  lengths  of  leather  hose, 
rope,  crow-bar,  shovel,  pole-axe,  saw,  &c.,  are  stowed  away  in  convenient  order 
in  the  front  and  uppermost  box  of  the  engine.  All  being  contained  inside,  and 
nothing  hung  on  externally,  this  engine  is  exceedingly  compact,  and  very  el^ant 
in  appearance.  The  top  of  the  engine  forms  an  exceUent  seat  for  the  firemen, 
their  feet  resting  on  the  pocket  d^  while  the  driver  occupies  the  box  seat  in 
front,  guiding  a  pair  of  light  horses,  which  will  draw  an  engine  of  this  kind  at 
great  speed.  At  h  in  the  sectional  portion  is  seen  the  sole,  or  sucking-piece, 
containing  all  the  valves,  and  carrying  the  two  working  cylinders.  At  one 
extremity  of  the  cistern  Uie  three-way  suction  cock  /  is  screwed  to  the  sole  k ; 
to  the  other  end  a  brass  tube  is  also  screwed,  forming  a  communication  with 
the  air  vessel  m  and  exit  pipe  u  n\A  the  first  or  suction-valve  chamber,  divided 
into  two  compartments,  each  containing  a  valve,  closed  on  the  top  by  a  plate  of 
cast  iron,  fastened  down  with  copper  screws,  a  piece  of  leather  bemg  introduced 
between  to  make  the  joint  water-tight  o  is  the  second,  or  deliveiy-valve  chamber, 
also  in  two  compartments,  dosed  m  the  same  way  as  the  former.  The  valves 
are  brass  plates,  grotmd  to  fit  the  circular  brass  seat  on  which  they  rest ;  being 
accurately  ground,  no  leather  is  required  to  make  them  tight.  The  whole  valve 
is  put  togettier,  and  then  slipped  into  grooves,  cast  in  the  side  and  bottom  of 
the  sole  for  its  reception.  It  any  of  these  valves  should  fail,  it  is  only  necessary 
to  unscrew  and  remove  the  covering  plate,  when  they  can  be  got  at  without 
disturbing  the  other  parts  of  the  engine.  In  Newsham's  engine,  if  one  of  the 
suction  valves  became  deranged,  the  engine  had  to  be  taken  completely  asunder, 
before  the  defect  could  be  remedied,  p  is  one  of  the  working  barrels,  six  inches 
in  diameter,  with  a  seven-inch  stroke,  made  of  cast  brass,  carefuUy  bored  and 
screwed  down  upon  the  iron  sole  ^,  with  copper  screws,  an  intervening  leather 
making  the  joint  perfect  The  piston  or  is  of  two  circular  brass  plates,  placed 
in  strong  leather  caps,  and  bolted  tugetner.  The  top  of  the  barrels  is  a  little 
above  the  level  of  tne  cistern,  so  that  when  the  latter  is  filled  with  water  it 
may  not  run  into  the  barrels,  and  wash  away  the  oil  with  which  the  pistons  are 
kept  constantly  covered.  Projecting  arms  on  each  side  of  the  mam  shaft  e, 
work  the  pistons  by  means  of  slings  within  the  piston  rod,  which  is  forked  to 
the  height  necessary  for  that  purpose,  but  ends  in  a  cylindrical  rod,  working  in 
a  guide  plate  above  r,  which  preserves  the  parallelism  of  the  piston  throughout 
its  stroke.  The  main  shaft  works  in  brass  joumab  at  f  ««.  'Die  sole  h  is  made 
so  as  to  form  an  inclined  plane  from  A  to  t,  which  causes  all  the  water  to  run 
out  of  the  en^ne  after  it  nas  ceased  working.  The  principle  of  action  in  this 
engine  is  similar  to  that  already  explained  while  treating  of  Newsham's,  and 
therefore  requires  no  further  mention  here. 

In  the  year  1793  Mr.  Joseph  Bramah  took  out  a  patent  for  a  new  fire  engine, 
with  sundry  improvements  and  additions.  This  engme  was  essentially  different 
in  its  construction  from  those  already  described.  It  consisted  of  a  large 
horizontal  metal  cylinder,  having  a  flanch  at  each  end,  to  which  two  end  caps 
or  covers  were  screwed.  These  caps  enclose  all  the  working  parts  of  the  engine, 
and  have  brass  bearings  with  stuffing-boxes  in  their  centres,  for  carrying  in  an 
air-tight  manner  the  working  axis  of  the  engine.  Within  the  cylinder  is 
placed  a  strong  metal  partition  or  radius,  the  lower  edge  being  joined  to  the 
cylinder,  and  tne  uppermost  edge,  which  is  grooved,  made  so  as  exactly  to  fit 
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the  circle  of  the  latter.  The  axis  U  armed  with  two  wii^  or  faiu,  on  each  of 
which  is  placed  a  valve  opening  upwards,  to  allow  the  water  to  pass  through 
them.  These  fans  are  made  to  move  water-tight  against  the  sides  and  end 
caps  of  the  cylinder,  by  means  of  leather  on  their  edges.  When  the  axis 
carrying  the  fans  is  fixed  in  its  place,  the  groove  in  the  metal  partition  described 
above,  is  filled  with  hemp,  or  some  other  soft  material,  so  as  to  press  on  the 
under  surface  of  the  axis,  and  cause  it  to  move  in  a  water-tight  manner.  The 
fans  being  a  diameter  of  the  cylinder,  divide  it  into  two  parts,  the  lower  of 
which  is  again  divided  by  the  radius  partition  into  two  compartments,  in  each 
of  which  an  aperture  is  cut  through  the  cvlinder  opening  into  the  auction 
passages ;  these  apertures,  like  those  in  the  fan,  are  closed  oy  valves  opening 
upwards.  A  vibratory  motion  being  given  to  the  fans  by  means  of  levers  on 
the  axis,  the  capacity  of  the  two  lower  compartments  of  the  cylinder  becomes 
altematelv  enlarged  and  diminished ;  the  consequence  of  this  is,  that  water 
becomes  drawn  up  into  the  cylinder,  gets  above  the  fans  on  either  side,  and  is 
then  forced  out  through  the  exit  pipe,  the  stream  being  rendered  equable  by 
means  of  a  spherical  air  vessel  placed  on  the  top  of  the  cylinder,  lliis  was  a 
novel  and  ingenious  contrivance,  and  produced  a  very  compact  engine  ;  a 
great  drawback,  however,  upon  its  advantages,  was  the  difficulty  of  packing 
and  making  it  water-tight  in  the  first  instance,  and  the  still  greater  difficulty  of 
keeping  it  so  for  any  length  of  time,  if  much  used. 

Subsequently  Mr.  Rowntree  introduced  an  engine,  in  which  he  attempted  to 
embody  all  the  advantages  of  Bramah's  engine,  and  to  avoid  its  aefects. 
Mr.  Rowntree's  principal  improvement  consisted  in  the  employment  of  one  fan, 
a  radius  of  the  cylinder,  instead  of  two ;  the  vibration  of  the  fan  took  place  in 
the  lower  half  of  the  cylinder,  the 
partition  being  placed  above.  Mr. 
Rowntree,  however,  succeeded  but 
imperfectly  with  his  engine,  which 
has  been  greatly  surpassed  by  a  more 
recent  invention  bv  Mr.  John  Barton, 
which  is  decidedly  the  best  engine 
hitherto  constructed  on  the  vibratory 
principle. 

The  accompanying  drawing  and 
description  will  convey  an  accurate 
idea  of  Mr.  Barton's  engine,  and  show 
the  principle  of  action  in  this,  as  weU 
as  in  the  two  former  contrivances. 
The  figure  affords  an  end  view  of 
Barton's  engine,  mounted  on  a  suitable 
cistern  upon  wheels,  a  is  the  cylinder, 
or  working  barrel,  of  brass  or  iron :  6 
IB  the  £ui  or  piston,  which,  like 
Rowntree's,  is  a  radius,  but  his  was 
placed  below  the  centre,  while  Bar- 
ton's IB  situated  above.  The  fan  is 
composed  entirely  of  metal,  on  the 
expanding  principle,  with  springs  and 
segments,  as  in  Barton's  metallic 
pistons,  ece  c  are  four  valves,  all 
opening  upwards ;  </  is  the  air  vessel, 
with  the  exit  orifice  at  its  lower  part ; 
e  is  the  cistern,  which  may  be  kept 
full  of  water  for  immediate  use  on  the 
breaking  out  of  a  fire.    This  engine,  * 

like  all  the  former,  is  capable  of  working  from  a  pond,  &c.  by  means  of  a 
suction  hose,  as  well  as  from  water  poured  into  the  cistern,  the  supply,  as  in 
Newsham's  engine,  being  regulated  by  a  three-way  cock  placed  within  the 
cistern.    The  engine  is  worked  by  the  elevation  and  depression  of  the  handles 
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h  h,  connected  with  the  axis  of  the  fan  h,  which  vihratet  backward  and  forward 
in  the  upper  part  of  the  cylinder,  and  delivers  at  each  stroke  neariy  one-half  of 
its  contents,  and  may  be  regulated  so  as  to  giTe  more  or  less,  as  required.  The 
workuig  of  the  fan  or  piston  b,  being  pertecUy  air  tight,  tends  to  produce  a 
vacuum  below,  on  that  side  of  the  cylmaer  a  where  the  handle  is  elevated,  and 
the  pressure  of  the  atmosphere  causes  water  to  rush  up  into  this  space.  During 
this  stroke  the  air  that  occupied  the  other  side  of  the  cylinder  has  been  pajtly 
expelled,  and  this  space,  on  the  second  stroke  being  made,  is  filled  with  water, 
while  that  already  on  the  other  side  of  the  piston  is  forced  up  into  the  air 
vessel,  and  thence  through  the  exit  pipes  in  a  continuous  jet. 

A  very  compact  and  convenient  fire  engine  has  lately  been  invented  by 
Mr.Baddeley,  consisting  of  only  one  cylind^  placed  horiiontaUy,  and  working 
on  the  principle  of  De  la  Hire's  double-acting  |famp.  The  ordinaiy  up  and 
down  motion  of  the  handles,  by  means  of  a  sunple  contrivance,  causes  the 
piston  to  traverse  backward  and  forward  within  the  cylinder,  each  side  bdng 
alternately  filled  with  water  which  the  returning  stroke  expels.  There  are  two 
entrance  valves  lying  at  the  bottom  of  the  cylinder,  one  at  each  end,  and  two 
exit  valves,  situated  immediately  over  the  former.  The  water  enters  at  the 
bottom  of  ihe  cylinder,  and  is  discharged  at  the  top,  the  stream  being  equalised 
by  a  globular  air  vesseL  The  inventor  considers  tne  advantages  of  this  ennne 
to  consist  in  its  compact  form,  great  strenffth,  and  durabmty ;  that  it  nas 
fewer  working  parts,  is  lighter,  and  has  less  friction  than  any  other  engine  of 
equal  power. 

Of  all  the  engines  hitherto  constructed  and  worked  by  manual  labour,  the 
floating  fire  engine  is  the  most  powerful.  Engines  of  this  kind  ^[enerally 
consist  of  three  cylinders,  working  into  an  air  vessel  of  large  dimensions,  and 
are  built  in  appropriate  barges.  They  are  put  in  motion  by  the  power  of  (rom 
forty  to  fifty  men,  applied  to  four  long  revolving  cranks,  which,  by  suitable 
machinery,  work  the  three  pistons.  These  ensines  wOl  throw  a  column  of  water, 
one  inch  in  diameter,  upwards  of  a  hundred  teet  high.  They  are  advantageously 
employed  on  the  river  and  in  docks,  where  an  abundant  supply  of  water  can 
always  be  depended  upon. 

These  engines,  however,  have  been  greatly  surpassed  by  the  fire  engines 
recently  constructed  by  Mr.  John  Brai£waite,  worxed  by  steam  power.  The 
last  of  this  kind,  the  Comet,  built  for  the  Prussian  goverment  in  1832,  had  two 
working  cylinders  ten  inches  and  a  half  in  diameter,  with  a  fourteen-inch 
stroke,  the  steam  cylinders  being  twelve  inches  in  diameter.  When  working 
with  a  steam  pressure  of  seventy  pounds  upon  the  square  inch,  and  making 
eighteen  strokes  per  minute,  this  engine  threw  a  jet  of  water,  an  inch  and  a 
quarter  in  diameter,  nearly  one  htmdred  and  twenty  feet  hifh.  The  same 
power  gave  two  jets  of  seven-eighths  of  an  inch,  and  afterwards  four  of  five- 
eighths*  of  an  inch,  an  elevation  of  about  eigh^  feet  The  consumption  of 
c(MEe  was  three  bushels  per  hour,  and  the  average  working  of  the  engine  was 
calculated  to  be  equal  to  the  discharge  of  between  eighty  and  ninety  tons  of 
water  per  hour. 

Numerous  attempts  have  been  made  to  condense  a  powerfiil  fire  engine  into 
a  small  compass.  In  this  respect  Capt  Fisher,  R.N.  appears  to  have  been 
most  successful ;  his  engine,  on  Newsham's  principle,  consisting  of  two  five- 
inch  cylinders,  with  eight-inch  strokes,  and  an  air  vessel  situated  between  them, 
was  comprised  within  a  box  the  size  of  an  ordinary  tea  chest,  exclusive  of  the 
handles,  which  fixed  on  the  outside,  and  served  to  carry  the  engine  by.  Tlie 
purposes  for  which  this  kind  of  ennne  is  suitable  are  so  few,  that  they  nave  not 
been  very  extensively  used ;  for  the  local  purposes  only  of  mansions,  manu- 
factories, or  on  sliip  board,  can  they  be  advantageously  employed. 

Much  ingenuity  has  been  exercised  to  construct  a  fire  engine  on  the  rotatory 
principle,  but  without  success.  An  ingenious  one  of  this  kind  was  the  invention 
of  Mr.  Rangpeley,  for  which  he  took  out  a  patent.  It  consisted  of  two  fluted 
rollers,  working  into  each  other,  while  their  opposite  sides  worked  in  semi- 
cylinders,  with  which  they  were  in  close  contact,  the  ends  of  the  rollers  being 
similarly  circumstanced ;  each  space  between  the  flutings  came  up  filled  with 
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water,  wbicb  was  discharged  by  the  flutings  exactly  fitting  into  each  other  on 
the  descending  side.  In  this,  however,  as  in  all  the  other  rotatoiy  steam  and 
fire  engines,  it  was  found  to  be  practically  impossible  to  construct  an  engine 
sufficiently  water  tight  to  stand  the  great  pressure  to  which  they  are  subject, 
without  incurring  an  excessive  and  destructive  amount  of  friction. 

FIRE  ESCAPE.  Perhaps  few  subjects  have  more  extensively  engaged  the 
public  attention,  or  exercised  so  much  ingenuity,  as  the  best  mode  of  rescuing 
mdivtduals  from  death  by  fire.  Notwithstanding  the  varied  talents  that  have 
been  directed  to  this  object,  it  is  a  singular  fact,  wat  no  invention  has  yet  been 


Fig.  1. 

produced  so  universally  efficient  as  to  supersede  all  others,  or  to  induce  the 
belief  that  the  limits  of  perfection  have  been  attained.  Many  excellent  and 
ingenious  contrivances  have  been  produced,  most  of  which  will  be  found 
embodied  in  the  following  classified  description.  Fire  escapes  may  generally 
be  divided  into  three  clasMs,  viz.  ladders,  portable  escapes,  ana  carriage  escapes. 
With  the  common  fire  ladders  all  must  be  well  acquainted ;  they  are  made  of 
different  lengths  to  reach  a  first,  second,  tiiird,  or  fourth  story  window.  When 
of  the  largest  kinds  they  are  generally  furnished  with  iron  guides  or  hand-rails 
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at  the  sides,  and  also  with  a  contrivance  for  raising  them.    This  oontrlnme* 
consists  of  a  short  conical  iron  tube,  jointed  to  one  of  the  upper  rounds  or  step* 
of  Uie  ladder ;  a  long  pole  fixes  into  this  tube,  and  affords  great  facility  in 
raising  the  ladder.   A  well-made  ladder  of  bamboo,  from  its  extreme  ligfatnea^ 
combined  with  the  requisite  strength,  has  been  considered  by  some  persona 
admirably  adapted  for  the  purposes  of  a  fire  escBpe,    Another  form  of  ladder, 
and  one  that  is  at  present  very  successfiilly  employed,  consists  of  short  lengths, 
from  eight  to  nine  feet  long,  which  fit  one  on  the  other  to  anv  required  extent, 
by  a  stronff,  but  simple  joint,  in  the  same  way  as  scaling  ladders.    The  advan- 
tages of  this  kind  of  ladder  are,  great  portabui^  and  convenience,  with  all  the 
practical  utility  of  the  longest  and  most  unwieldy  ladder.    Mr.  Gregory,  whose 
numerous  fire  escapes  have  attracted  deserved  attention,  has  constructed  a  great 
variety  of  ladders ;  among  them  is  a  very  pretty  ladder,  in  two  jiarts  or  lengths, 
one  sliding  upon  the  other,  and  sustained  at  any  required  elevation  by  a  simple 
contrivance.  A  cradle  is  attached  to  this  ladder,  for  the  rescue  of  timid  or  infirm 
persons ;  the  whole  is  of  a  convenient  size  for  carrying  or  stowage,  and  is  very 
easily  managed.     Mr.  Gr^oiy's  patent  ladders  are  e^iibited  in  the  engraving 
on  the  preceding  page.    I^,  1  is  a  side  view  of  one  of  the  ladders^  nine  feet  in 
length.    Fig.  2  exhibite  three  of  these  ladders  connected  together,  and  applied 
as  a  fire  escape,  witb  a  light  car  or  cradle,  raised  by  ropes  A  A,  working  in  pulleys 
attached  to  the  top  of  the  ladder.     Ftp,  3  represents  four  of  these  ladders 
raised,  for  the  purpose  of  elevating  the  fireman,  and  enabling  him  to  direct  the 
stream  of  water  firom  the  engine  most  effectually  upon  the  fire.    A  set  of  these 
ladders  may  be  placed  on  a  light  hand  carriage,  or  might  accompany  each 
fire  engine.     On  reaching  a  conflagration,  the  lower  ladder  is  first  raiseid,  and 
the  feet  secured  in  their  place  by  a  bolt  passing  tlirough  them  and  two  blocks, 
placed  upon  the  engine  for  that  purpose.    The  iron  stays  bh  crossing  each 
other  are  hooked  into  staples  fixed  in  tne  back  of  this  ladder.    The  first  ladder 
being  thus  firmly  fixed,  a  man  mounts  it  and  attaches  another  on  the  top  of  it; 
a  third,  fourth,  or  a  fifth,  may  in  this  way  be  added,  until  the  required  height  is 
obtained.     When  the  height  is  considerable,  two  guy  ropes  da&re  employed, 
to  preserve  the  ladders  in  the  proper  position.     For  this  purpose  the  back  of 
the  carriage  is  provided  with  two  large  square  staples,  through  which  the  bar 
e  is  thrust ;  to  the  ends  of  this  bar  uie  ropes  are  made  fast,  as  shown.    The 
ladders  are  each  precisely  alike,  so  that  all  fit  one  another;  they  are  connected 
by  the  following  simple  and  effective  contrivance.    Two  long  hooks  or  half- 
staples  a  a  are  fixed  on  the  hook  of  each  ladder  by  means  of  an  iron  strap, 
ana  riveted  tlirough ;  each  ladder  is  provided  with  two  flat  steps  e  c  at  its 
lower  end,  which  drop  into  the  two  hooks  and  make  a  firm  and  secure  joint 
Rope  ladders  have  sometimes  been  employed  as  fire  escapes ;  the  most  common 
kind  consist  of  strong  rope  sides,  with  wooden  steps ;  circular  pieces  of  wood 
are  sometunes  added  to  the  ends  of  the  steps,  to  keep  the  ladder  firom  walls,  &c. 
In  Edinburgh  wire  chain  ladders  are  employed  with  CTcat  success,  being  used 
by  men  duly  trained  for  that  puipose.    The  principal  difficulty  with  idl  ladders 
of  this  description,  is  in  raising  them  to  the  windows  where  they  are  required ; 
this  difficulty  has  been  surmounted  in  the  rope  ladder  of  Mr.  A.  Young,  the 
most  ingenious  and  useful  contrivance  of  this  kind  with  which  we  are  ac- 
quainted. It  consists  of  a  number  of  rounds  A,  Ha,  2,  (in  the  engraving  on  the 
following  page,)  which  form  the  steps  of  the  ladder  by  being  united  with  two 
ropes  B  B ;  tliese  are  suspended  from  an  iron  frame  C,  terminating  in  hooks 
a  a,  which  can  very  conveniently  be  lodged  on  the  sill  of  a  window,  and  thus 
form  a  seciure  support  for  the  ladder.    The  principal  peculiarity  of  ^is  con- 
trivance consists  m  making  the  ladder,  so  that  the  rounas  or  steps  can  be  put 
together  as  shown  at  Fig,  1,  forming  a  pole  by  which  the  firame  c  can  be  raised 
up  to  a  window  fi-om  be|ow.    To  effect  this,  the  ends  e  of  the  rounds  A  have 
ferules  fitted  fast  upon  them,  and  the  other  ends  f  are  reduced  so  as  to  enter 
the  cavities  of  the  ferules,  which  project  beyond  the  end  of  the  wood,  thus 
forming  sockets  for  their  reception.   The  iron  frame  c  at  the  top  has  a  projecting 
pin  d,  which  fits  into  the  socket  e  of  the  upper  round ;  this  supports  it  at  tlie 
top.    Tlie  small  end  of  this  step  is  inserted  into  tlic  ferule  of  the  second,  which 
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ii  again  fixed  to  th«  top  of  the  third,  and  >o.on  to  the  bottom.      In  this  way  a 

pole  is  formed,  u  in  Mg.  1,  of  all  the  stepi  of  the  ladder  joined  tt^ther,  by 

which  means  the  hooks  at  the  lop  of  the  iron  frame  may  be  raised  up  to  a 

window  iill,  and  then  a  single  jerk  or  pull  at/^y    > 

the  lower  end  diiunitei  the  atare*  from  one 

another,  and  they  aasume  the  form  of  Fig.  2, 

ready  for  ascending  or  descending.    Tlie  side  j 

ropes  of  the  ladders  B  B  are  composed   of    i 

three    small    lines    plaited   together,   which    I 

method   givet   the   mean)   of  fastening   the 

staves  very  secure! J  to  them ;    this  is  shoim 

by  fig.  3.     A  hole  ii  bored  Uirough  the  atave 

at  the  place  where  the  rope  is  to  bo  fixed, 

large  enough  to  receive  one  of  the  three  lines, 

and  a  groove  is  turned  round  outside  of  it  at 

the  same  place.     One  of  the  lines  is  passed 

Ibrouffb  this  bole,  the  other  two   are   taken 

round  in  the  groove  so  as  to  surround  the 
■tave,  then  all  three,  being  plaited  together 

make  a  firm  connexion,  llie  &ame  c  at  the 
top  hat  two  iron  rods  6  b  fixed  to  its  sides, 
which  are  usefiil  as  hond-rmls  to  any  pennn 
getting  out  of  a  window  on  to  the  ladder.  The 

whole  rolls  up  into  a  compact  bundle,  and  is 
easily  carried  about  A  ladder  on  the  lame 
principle  may  also  be  constructed  entirely  of 
metal,  by  usuig  wire  chains,  and  metal  tubes 
for  the  steps.  Mr.  Young  received  a  silver 
medal  and  fifteen  ettineai  from  the  Society  of 
Arts  fur  his  invention. 

Mr,  Gregory  constructed  a  very  complete 
rope-ladder  escape,  which  was  supported  on 
the  window  sill,  parapet,  &c.  of  a  house,  bv  a 
book  of  ingenious  workmanship,  composed  of 
two  sides  or  aroii,  bent  into  a  form  very 
closely  resembling  the  external  figure  of  the 
htlmao  ear,  from  that  circumstance  called  the 
ear  book.  The  two  aides  of  this  hook  were 
held  together  by  three  horizonlBl  iron  rails  or 
bars.  This  simple,  original,  and  effectual 
mode  of  attachment  admits  of  universal  ap- 
plication, without  any  previous  provision  for 
lliat  purpose  ;  it  firmly  embraces  alike  the 
thickest  and  thinnest  walls,  and  when  once 
fixed,  no  downward  force  can  separate  it  from 
its  attachment,  but  by  tearing  the  hook  asunder. 
To  thia  hook  was  attached  a  neat,  well  made 
n^  ladder,  to  which  a  sliding  cradle  was 
adapted,  the  rope  by  which  the  cradle  was 
worked  pasting  over  the  central  bar  of  the  ear 

The  next  class  of  fire  escapes,  comprising 

I  portable   description,   is  a  very 

me,  and  may  be  skid  to  commence 
with  a  limple  rope  made  fast  to  something 
within  the  room,  by  means  of  which  a  descent 
might  be  eftected ;  it  has  been  considered  an 

improvement  to  knot  the   rope   pretty  closely,   and   descend   by  alternately 
cbanging  the  grasp,  instead  of  lettmg  the  rope  slipjlirougb  the  hand;  '-  '   '    - 


f'i. .. 


ill 


m 


\e  grasp,  instead  ot  letlmg  tlie  rope  slip  Jl.  .  .^.. . 

imber  of  persona,  however,  who  could  escape  by  these  meana. 
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lias  therefore  been  suggested  to  attach  a  sack  to  the  end  of  a  rope  of  sufficient 
length,  into  which  females,  children,  &c.  might  be  put  and  lowered  in  safety, 
their  descent  being  regulated  by  drawing  tne  bea  dose  to  the  window,  and 
passing  the  lope  once  or  twice  round  the  bed  post,  which  would  generate, 
nriction  enough  to  make  the  descent  easy,  without  much  exertion  on  the  part  of 
any  person.  Several  improvements  have  been  made  upon  this  rude  and  simple 
apparatus,  consisting  in  general  of  a  cradle  in  lieu  of  the  sack,  made  of  a  con- 
venient form  and  suitable  material,  and  in  running  the  rope  Uirough  a  pulley 
hooked  to  a  staple  provided  for  that  purpose ;  a  guide  rope  is  also  attached  to 
the  bottom  of  the  cradle,  which  enables  it  to  be  pmled  aside  from  flames  issuing 
from  the  lower  windows,  and  from  railines,  areas,  &c.  In  some  cases  the 
pulley  is  supported  by  a  grappling  hook  thrown  into  the  window.  Escapes 
of  this  kind  have  been  constructed  by  Messrs.  Cobbin,  Cook,  Fox,  Hesse, 
Merryweather,  Read,  and  some  others,  all  similar  in  principle,  but  differing 
slightty  in  detail.  Mr.  Gregory  emj^loyed  a  stout  rope,  forty  feet  lonp^,  having 
a  hook  at  the  top,  and  a  pimey  within  a  few  inches  of  it;  a  cradle  slides  upon 
this  rope  by  means  of  two  rings,  one.  at  the  top  and  the  other  at  the  bottom  of 
it.  Another  rope,  twice  the  length  of  the  former,  passes  over  the  pulley, 
and  is  fastened  to  ibe  upper  part  of  the  cradle ;  by  this  rope  the  persons  below 
raise  or  lower  it,  until  the  whole  of  the  inmates  of  the  house  are  extricated.  In 
this  escape  the  oscillations,  as  well  as  the  rotatorv  motion,  which  occur  in 
some  of  the  former  contrivances,  are  both  prevented. 

Mr.  B.  Rider  a  short  time  since  exhibited  a  simple  rope  fire  escape,  con- 
sisting of  a  stout  hempen  rope  sallied  with  worsted,  having  at  one  end  a  swivel 
spring  catch,  by  whicn  it  could  be  instantly  attached  to  a  bed  post,  chest  of 
drawers,  bar  of  a  grate,  &c.  Upon  this  rope  was  placed  a  stirrup  or  friction 
seat,  with  three  rings,  through  which  the  rope  passed ;  these  rings  were  not 
placed  perpendicularly  above  each  other,  but  stood  in  a  curved  direction,  so  as 
to  cause  considerable  friction,  and  check  the  too  rapid  descent  of  the  parties ; 
for  one  individual,  with  very  little  exertion,  could,  by  means  of  the  friction 
seat,  descend  with  another  person  in  his  lap.  A  contrivance  was  also  appended, 
for  instantly  fixing  a  secure  noose  under  the  arms,  to  be  used  when  the  friction 
seat  was  not  employed. 

Mr.  Davies  invented  a  rope  fire  escape,  possessing  in  an  eminent  degree  the 
essential  Qualities  of  simplicitv,  efficacy,  and  portability.  It  consists  of  a  long 
rope  doubled,  the  two  ends  of  which  are  secured  to  a  strong  iron  hook,  for  the 
purpose  of  attaching  it  to  a  ring  bolt  screwed  to  the  sash  frame,  or  a  beam  in 
the  ceiling.  A  number  of  loops,  made  of  strong  girth  web,  slide  upon  the 
double  rope,  by  means  of  short  copper  tubes  or  eyes ;  these  loops  are  also 
equipped  with  cloth  slides.  This,  with  a  jointed  rod  for  raising  it  to  a  window, 
comprises  the  whole  of  the  apparatus.  The  mode  of  using  uiis  escape  is  as 
follows :  the  end  of  the  double  ropes  at  which  the  sliding  loops  are  all  collected, 
is  placed  upon  the  forked  extremity  of  the  uppermost  joint  of  the  rope,  a 
second  is  added,  and  so  on,  till  the  necessary  elevation  is  obtained.  The  persons 
above  having  secured  the  hook  to  some  suitable  object,  those  below  hold  the 
ropes  asunder,  thus  forming  a  triangle,  the  apex  bein^  at  the  window,  and  the 
base  in  the  street.  One  of  the  persons  above  then  takes  one  of  the  loops,  and 
passing  it  over  his  head  and  shoulders,  fixes  it  under  his  arms ;  he  then  gets 
out  of  the  window  and  commits  himself  to  the  rope,  down  which  he  slides  to 
terra  firma.  As  the  ropes  are  in  contact  at  the  window,  the  descent  Sa  at  first 
rapid,  but  as  the  person  gets  lower,  the  greater  diveigence  of  the  ropes  mdually 
arrests  his  progress.  There  should  be  at  least  six  or  eight  persons  hdding  the 
ropes,  and  they  should  be  kept  as  wide  apart  as  circumstances  will  permit ;  the 
base  should  always  be  upwards  of  three  yards.  Females,  children,  &c.  may  be 
lowered  by  this  escape  with  perfect  ease  and  safety ;  for,  by  bringing  the  doth 
slide  on  the  loop  dose  to  the  body,  the  person  descending  cannot  quit  the  loop 
till  released  by  withdrawing  the  slide.  Mr.  Barnard  h^  previously  proposed 
the  employment  of  a  wicker  cradle  sliding  on  divergent  ropes,  but  this  arrange- 
ment is  inferior  to  that  of  Mr.  Davies  in  practice  convenience  and  effioacjF* 
The  principal  difficulty  attending  the  use  of  portable  fire  escapes,  is  ui 
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Mtabllihlng  a  communication  with  the  petMm*  in  duiger;  the  mott  iiiual 
nitthod  of  efiecting  thii  object  is  by  rods  about  ax  or  eight  feet  long,  oonnected 
nttwT  by  filhing-nHl  or  bavonet  joiati,  or  by  iorewi,  ai  in  the  ewape*  of  Meun. 
DariM,  Olaai,  MermreaUier,  and  aeveral  other*.  The  accompaiijiiig  iketch 
■horn  •  leiiea  of  rodi  connected  in  thii  manner,  which 
not  only  raise  but  alto nipport  a  pulley  upon  which  a  cradla 
is  worsed;  thii  artmngement,  however,  requirei  itnmg, 
and,  consequently,  very  heavv  rods,  and  therefore  cannot 
be  much  recommended.  Mr.  Gregory  effected  a  com- 
munication by  means  of  a  wallcing  stick  with  three 
extending  joints  like  a  telescope,  by  which  a  line  was 
banded  to  the  persons  in  danger  irom  the  window  of  an 
adjoining  house.  Othen  have  sugsested  the  idea  of 
dropping  a  line  from  the  tops  of  the  houses  on  each 
ude  of  that  on  fire,  which,  attached  to  a  rope,  or  escape 
of  any  kind,  would  enable  it  to  be  raised  to  thoae 
requinn^  it*  aid.  Some  person*  have  proposed  to  throw 
a  ball  with  a  Ibe  attached,  into  the  window  Irom  the 
street,  and  thus  form  the  desired  connexion ;  this, 
howETer,  is  a  difficult  and  random  mode  of  proceading,  | 
and  by  do  means  to  be  relied  on  in  the  Ume  of  danger.  ' 
The  Edinbutgb  firemen  use  a  croas-bow,  and  a  three- 
ounce  leaden  buUet,  attached  to  a  fine  cord  of  the  very  best  raaterials  and 
workmauship,  130  feet  long.  The  ballet  and  cord  are  thrown  over  the  house  by 
the  cross-bow;  to  this  cord  a  stronger  one  is  attached,  and  drawn  over  the 
house  by  the  former,  and  so  on,  untS  a  chain  ladder  or  escape  la  eventually 
eleTateo.  To  act  upon  this  pUn,  however,  with  any  good  chance  of  success, 
requires  the  men  to  be  regularly  trained  for  the  purpose,  as  they  are  in 
EdinbnrRb,  where  they  are  exceedingly  akilful  in  the  management  of^all  their 
fire  machinery. 

Mr.  Buiton  introduced  a  fire  escape,  conslstbg  of  a  laise  strong  canvas* 
sheet,  with  loops  all  round  to  hdd  on  by ;  this  bring  held  under  the  window  at 
which  »ay  penon  is  situated,  by  eight  or  ten  persons,  the  party  above  leu*  out 
of  the  window  into  the  mid<Ue  of  the  sheet,  which  catches  him  uniiuured. 
Although  this  is  by  no  mean*  the  most  pleasant  mode  of  escape,  nevertheleaa 
Uiin^ieden  experiment*  have  proved  It  to  be  a  safe  and  efiectual  one.  As  this 
escape  takes  iq>  hut  little  room,  and  is  ready  for  use  in  a  (ew  seconds,  it  is  w^ 
mdi^led  to  be  carried  by  the  fire  engine^  and  most  of  those  in  London  are  now 
provided  with  eae  of  this  kind. 

Having  thus  hiiefly  noticed  the  most  celebrated  lire  escapes  of  a  portable 
■Mlure,  we  proceed  to  descnbe  those  of  a  larger  kind ;  and  first  of  carriage 
ladder*.  Id  the  year  1809  Mr.  John  Davie*  nibmitted  to  the  Society  of  ArU  a 
fire  eacape,  whkm  consisted  of  thr«e  ladders  connected  to,  and  sliding  upon, 
each  other,  by  means  of  ropes  worked  by  a  small  windlass ;  a  saoood  winolsss 
raised  and  lowered  a  cradle,  supported  by  ropea  passing  over  pulley*  at  the  top 
of  the  uppermoet  ladder.  Tbis  machine  was  mounted  upon  a  low  Snir-wheelMl 
track,  drawn  by  a  horse  or  by  six  men.  Subsequently,  Mr.  Oregory  greatly 
improved  upon  thia  escape  j  he  employed  three  ladders  sliding  on  each  other, 
which,  irtien  lowered,  were  balanced  horiiootally  upon  a  convenient  frame 
mounted  on  a  light  foup>whe*ted  carriage.  When  m  due  position  they  are 
capable  of  bring  run  under  low  gateways,  tte.  with  great  fheility.  lit*  ladders 
■re  brongfat  into  the  peripendioular  position,  and  then  raised  by  a  small  vibidlMS 
in  die  front  of  the  maahme,  to  any  required  height  hetweon  ten  feet  and  forty ; 
the  ladder*  are  then  inclined  towards  the  window,  npoo  the  *iU  ^  which  the 
lop  may  be  made  to  rest.  To  obtain  a  meter  elevatian  than  forty  feet,  one  or 
more  joints  can  he  carried  up  and  affixed,  in  the  manner  already  describeid  under 
the  head  of  Postablb  Lidoibj.  A  cradle  accompanies  this  machine,  for  Ih* 
asHatonee  of  tboe*  who  cannot  descend  the  ladder*.  Mr.  Gregory's  ladder  escape 
has  been  but  partially  employed  for  that  purpose ;.  as  a  valuable  and  convenient 
ladder,  however,  it  baa  been  very  extensively  used  by  architects  and  others. 
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Mr.  John  HadKm,  the  foimdCT  of  ■  d>oit4iTed  locietr  for  (weventii^  lorn  at 
lire  b;  Aw,  in  1829,  caiutracl«d  »a  sMapt^adder,  dtmring  in  ionic  rtyeti 
from  thtt  of  Mr.  Gnmij,  ■Ithongh  npon  a  limilar  princitile.  The  fdknribf  ii 
a  nde  tiow  of  Hi.  Huomo'i  ^^tarabii ;  a  is  ihe  carrii^  mounted  oa  leui 


whaeli,  the  front  pair  of  which  tum  with  theii  axii  and  handle  h  nndsr  the 
carriage,  for  the  facility  of  guidins,  itowage,  &c. ;  //  are  three  laddm  iliding 
in  gTDoret  one  within  another.  The  fbot  of  the  loweit  ladder  ii  hinged  to  a 
lemring  oentra  in  the  middle  of  the  floor  o(  the  oarriage ;  J  ia  an  arched 
frame  forming  the  quadrant  of  a  circle,  with  ratcbet-teetti  on  iti  edgea,  in 
wluch  drape  a  pall  or  click  ;  on  a  croea  bar  fixed  to  the  back  of  the  lowect 


ladder.  The  ladden  uniall;  lie  in  a  horiiontal  poaition,  aa  ihown  b^  the  dotted 
line  I;  the  palla  and  ratchBt-teeth  prevent  the  ladden  from  falling  back  while 
baing  elevated.  In  order  to  place  them  in  the  oblique  poeition  for  we,  they 
m^  oe  elevated  by  band,  or  more  eaiilv  by  turning  the  vrindlaaa  i  loond  the 
banal  of  which  the  rope  k  a  wound,  and  the  other  end  of  it  fattened  to  the 
laddeiB  at  about  three  feet  above  the  floor.  The  ladden  being  thai  braoght 
to  the  podtion  repreeented  in  the  engraving,  the  motion  tf  the  windla«  ii  con- 
tinued, which  winda  off  the  rope  from  the  ladden,  and  elevatei  them  wccee- 
iively  one  above  the  other,  unu  they  attain  the  greateit  bogbt.  The  rope  k 
paeeea  Ihrwgfa  a  poUe*  near  the  bottom  of  the  bweet  ladder,  then  over  the  K^ 
of  it  to  the  bottom  of  ttie  neat,  and  then  over  the  U^  of  the  mum  la  the  bottom 
of  dw  uppenDoet  hdder.  The  pivot  to  wbieb  the  ladden  are  hinged,  ii  for 
ig  them  t«  be  vaered  round  when  it  would  be  incaavenienl  to  tum  the 


earrie^.  The  horiionta]  paction  ii  given  to  the  ladden  tac  enabling  tho 
machine  to  be  conveyed  thioi^  low  panagei,  Ac.  There  it  a  roller  n  at  the 
lop  (^  the  ladder,  to  prevent  friction  when  moving  np  againit  a  wall,  and  a 
UeUe  foU  at  o  fw  eradU  Ac. 

Hr.  Joeeph,  who  entertained  a  itrong  objection  to  the  use  of  a  connected 
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fleriefl  of  ladden,  submitted  the  following  novel  contriTance  to  jmUie  tnspeo* 
tion :— a  is  a  cairiage  capaUe  of  being  drawn  by  two  men,  on  which  is  fixea  an 
elevated  part  b,  sustainine  a  column  of  wood  e  ;  within  this  there  is  a  smaller 
column  of  iron,  capable  of  being  raised  by  a  rack  and  pinion,  acted  upon  by  the 
¥rinch  d;  on  the  top  of  this  internal 
column  is  an  iron  arm  e  on  a  swivel, 
having  a  cleft  at  its  extremi^  to  re- 
ceive the  lone  bar  or  lever  /  fastened 
to  it  by  a  bolt.  The  lower  end  of 
this  bar  is  secured  to  the  carriage 
by  a  pulley-tackle,  which  admits  of 
an  easy  and  secure  adjustment  at 
pleasure ;  to  the  upper  end  of  this 
oar  is  suspended  the  cradle,  &c.  in 
the  usual  manner,  with  guy  ropes  to 
guide  the  cradle  in  its  descent ;  k  is 
the  handle  for  drawing  the  carriage. 
There  is  a  small  rope  ladder  at  ( 
and  a  bolt  and  chain  at  the  top  of 
tlie  column,  for  fixing  the  internal 
pillar  (which  has  a  range  of  eight 
feet)  at  the  required  elevation,  'uie 
pillar  has  a  joint  near  its  base,  by 
-which  it  is  turned  down  into  the 
horizontal  position  whenever  it  is 
reouired  to  pass  under  gateways,  &c. 
In  the  year  1813,  Mr.  Thomas 
Roberts  received  a  reward  from  the 
Society  of  Arts,  for  a  *'  speedy  ele- 
vator and  fire-escape,"  of  a  very 
complex  description,  on  the  principle 
of  the  lazy-tongs ;  the  same  principle 
has  since  been  employed  under 
various  modifications  by  numerous 

S arsons,  and  most  recently  by  Mr. 
oyle.  The  engraving  on  the  fol- 
lowing page  represents  Mr.  Doyle's 
machine;  a  a  exhibiting  the  com- 
bination of  levers  on  one  ride  of  the 
machine ;  6  is  the  frame  that  holds  the  lower  pair  of  levers,  and  wheroin  the 
moving  force  is  applied ;  c  the  carriage  on  four  wheels,  drawn  by  a  handle 
not  shown  in  the  engraving ;  <£  is  a  stage  or  platform  at  the  top  of  the  machine, 
on  which  a  fireman  or  other  individual  is  raised  to  rescue  the  persons  from  the 
house  on  fire ;  at  e  there  is  a  folding-bridge  or  gangway,  to  be  projected  into 
the  window  of  a  room ;  at /is  a  toothed  pinion ;  jr  is  a  toothed  quadrant,  welded 
to  the  lowest  lever-bar  on  one  side,  with  its  teeth  taking  into  those  on  the  upper 
side  of  the  pinion  ;  at  k  is  another  quadrant,  the  teeth  of  which  take  into  the 
lower  side  of  the  pinion ;  motion  being  ^ven  to  the  pinion  by  the  ¥rinch,  the 
two  quadrants  are  moved  in  opposite  directions,  and  the  series  of  levers  are 
simultaneously  operated  upon  in  like  manner,  opening  and  shutting  like  so 
many  pairs  of  shears,  thereby  drawing  them  all  up  closely  together,  or  expanding 
to  the  extent  of  nearly  their  whole  length.  In  the  accompanying  cut  tiie 
machine  is  represented  as  only  expanded  to  half  the  height  it  is  capable  of  being 
extended.  On  the  other  side  of  the  machine,  there  is,  of  course,  a  similar 
set  of  levers ;  they  are  connected  to  those  already  described,  by  cross  horizontal 
bars,  the  ends  of  which  form  the  pivot  joints  on  which  the  levers  turn.  The 
opposite  side  of  the  lower  part  of  the  machine  is  also  a  counterpart  of  that 
represented,  and  the  power  is  connected  by  a  common  axis  to  the  opposite 
pinion.  Although  the  principle  of  the  movement  is,  perhaps,  the  best  that 
could  be  devised  for  the  purpose,  the  practical  difficulties  of  executing  such  a 
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machine  oa  a  large  icale,  have, 
we  are  informed,  been  found  insur- 
mountable,  an  attempt  to  constniot 
one  having  failed. 

Mr.  Gregory,  some  few  yean 
since,  patented  a  **  portable  derrick 
fire-escape,"  which  consisted  of  three 
square  wooden  pillars,  sliding  one 
within  the  other,  mounted  on  a 
convenient  carriage ;  the  uppermost 
carried  a  pulley  for  raismg  a  cradle, 
&c.  The  pulley  was  elevated  by  a 
windlass  and  rope  connected  with 
the  pillars  in  the  same  manner  as 
employed  for  raising  bis  ladders. 

Mr.  Rose,  of  Manchester,  con- 
structed a  fire-escape  composed  of 
an  upright  frame,  fronted  on  a 
four-wheeled  carriage;  a  second 
frame  sliding  withm  the  former, 
carried  at  its  top  a  small  railed 
platform  or  gallery,  in  which  people 
were  received  horn  the  windows  of 
houses;  or  it  was  occupied  by  a 
fireman  ¥rith  the  branch  of  an 
engine,  which  enabled  him  more 
eflSctually  to  throw  the  stream  of 
water  upon  the  fire  in  lofty  build- 
ings. The  sliding  frame  was  raised 
by  two  chains  atteched  to  its  lowest 
end,  and  carried  over  pulleys  at  the 
top  of  the  first  frame,  to  a  windlass 
in  the  body  of  the  machine  ;  a 
ladder  formed  a  communication 
between  the  body  of  the  machine 
and  the  platform  when  it  was  in  its 
lowest  position. 

Besides  the  escapes  alreadv  no- 
ticed, there  is  yet  another  Kind, 
which  may  be  very  properly  desig- 
nated ''domestic  fire-escapes,"  as 
they  are  intended  solely  for  the  u^e 
of  the  family  in  whose  house  they 
are  placed.  Some  of  the  best  <» 
this  class  are  those  in  form  of  o 
chair,  sofa,  or  other  convenient 
article  of  furniture,  and  stand  in 
the  recess  of  a  window,  outside  of 
which  Uiey  are  soon  placed,  and 
constitute  excellent  fire-escapes, 
with  every  convenience  necessary 
for  a  safe  descent.  Mr.  Witty  re- 
ceived a  reward  from  the  Society 
of  Arts  for  an  admirable  escape  of 

this  kind.  These  machines,  however,  do  not  generally  obtain,  for  the  mass  of 
the  people  are  too  indifierent  to  this  subject  to  provide  themselves  with  escapes, 
but  rattier  choose  to  trust  to  the  chance  of  obtaining  external  aid.  Various 
expedients  have  been  resorted  to,  and  different  plans  may  be  adopted  to  efi^ect 
an  escape  from  fire,  according  to  circumstances.  Egress  can  sometimes  be 
made  at  the  top  of  a  house,  either  by  a  door,  or  by  an  opening  made  in  the 
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mof  with  a  (wker  for  ths  pumow.  Shecti  and  blanket*  tied  together  iind 
futened  to  the  bed-poit,  or  the  oed-cordi,  attached  in  tbc  same  waj,  afibrd  tb« 
meani  of  deteending ;  the  feather-bed,  &c.  thrown  oat,  lerre  to  break  the  fall 
when  jampiiig  from  the  window  u  the  last  alternative.  With  a  little  contriv- 
Mioe,  iromen  and  ohildren  may  be  lowered  hy  meani  of  the  bed-clothei.    Upoo 

-■  -  -      'ku,  all  deoendi  upon  the  penwu  in  daagec  retaining  m  much 

mind  m  will  en»' '    -■       -  ..... 


of  mind  ai 


rill  enable  them  to  avail  themieivea  of  the  belt  n 


mora  ingeniiity  and  it 
er*ditfcr. 
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extingiueUng  fin  i«  water;  but  when  that  cannot  be  ipeedil;  obtained 
fident  ahmdaDoc,  it  bti  been  pnipaeed  to  ' 


by  the  addition  of  vi 


ila  extiaguiahing  proper^ 
M.  Van  Aken,  a  Swede,  employed  an 
wiu|uu«ia>»i  liuiuinmHuu  v>  »Kii  uuiding  in  tolution  (ulphata  of  iron,  lul- 
pbtte  M  tluniine,  red  oxide  of  iron,  and  clay,  with  which  he  performed  aeTeral 
■iMcewfbl  experiment*.  Some  pereon*  have  recommended  the  employment  of 
iimpla  ttiiittao*  of  titber  of  the  following  nibetancea — alum,  common  talt, 
pearl-aib,  and  asreral  other  lalti  and  alkaliei.  Other  eiperimentaliata,  on  tha 
oontiwy,  eipeeially  M.  Van  Harum,  hare  contended,  with  much  apparent 
tnrtb,  tax  water  aume,  when  properly  and  judiciouily  applied,  ii  nearly  oi  effl- 
OBoioM  in  axttnguiihiog  fire  a*  any  of  the  above  compound*.  Carbonic  add 
gaM,  inlpharic  acid  nu,  and  ateam,  have  likewiie  been  niggnted  a*  applicabla 
to  the  extinction  of  fire ;  there  is,  however,  much  pTactieaTdifficulty,  and  great 
incoavenienca  in  employing  either  of  these 
sabstancos  for  such  a  purpose ;  with  respect 
to  the  latter,  sooie  extenuve  and  well^on- 
dneted  esperimail*,  recently  perfbrmad  by 
Ifa.  Waterikouse,  at  Preston,  in  Laneadi^ 
have  *liown  Aot  rtaam  will  *peedily«tiii- 
guish  moderately  small  bodies  of  flame,  but 
does  not.poasesB  the  power  of  preventing  a 
low  or  charring  ocmbustion,  and  thatitaam 


dape*.  Water,  however,  is  so  universally 
disbaed,  that  all  other  modes  of  extinguish- 
ing firea  have  fallen  into  disuse.  There  are 
many  way*  of  applying  this  fluid  to  the 
purpoae  sow  under  review,  the  most  uaeAJ 
tf  which  we  prooeed  briefly  to  describe. 
The  uraplest  contrivance  Air  exIiDgnishing 
firai^  b  by  mean*  of  on  elevated  reservoir 
or  oiateRi,  a  pipe  from  which  proceeds 
tbrangh  all  tha  floors  of  the  building,  with 
a  cotk  and  screwed  node  in  each,  to  any  of 
which  a  flexible  hose  and  director  can  be 


bdght  of  the  reservoir,  which  can  be  thrown 
into  that  part  of  tb«  premise*  where  tha 
&e  is  (itnated.  This  arrangement  ii  par- 
tieaUrly  meful  in  large  manufactories  or 
warabonae*.  The  prindpal  advantage  of 
ftlt  plan,  ia  the  great  facility  with  which 
one  person  can  apply  this  remedy,  the 
labour  having  been  previously  performed. 
If  iba  fire  is  so  extensive  a*  to  require 
more  water  for  its  extinction  than  is  con- 
tained in  the  reservoir,  the  supply  muat  be 
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miintained  by  pamping.  In  fimi  of  the  reMrroir  and  ifitam  of  pipct»  tom* 
penons  prefer  nxed  pumM,  drawing  their  euppiy  of  water  from  a  well.  Hie 
engraving  on  the  preceding  page  rcpreicnts  a  atationary  fire-pomp  of  tfaia 
deaeiiption,  as  erected  in  Tarious  phuset  by  the  late  Mr.  Rnawll,  of  Sc  Jolm 
Street,  London.  It  contiets  of  a  lifting-force  pamp»  with  an  air-vemcl  to  eqoaliaa 
ti&e  stream  between  the  strokes,  placed  in  a  deep  welL  The  node  of  the  pnmp 
is  screwed  for  attaching  one  or  more  lengths  of  leadier  hose,  according  to  the 
distance  of  the  fire ;  the  handle  is  forked  to  allow  sereral  hands  to  work  the 
pump.  The  adrantages  of  this  and  other  kinds  of  stationaiy  engines,  consist  in 
the  promptness  with  which  they  can  be  got  into  acdon,  and  ue  certain^  of 
obtaining  a  sufficient  supply  of  water :  one  disadvantage  is,  that  their  usdulness 
is  confined  to  a  comparattvely  limited  space.  In  some  late  experiments,  one  of 
these  pumps,  erectea  at  Aldgate,  delivered  a  stream  of  water  with  considerahb 
force  at  the  distance  of  sixteen  hundred  feet  from  the  source  of  supply. 

Of  all  the  portable  contrivances  ior  extincuishing  fires,  peiiiaps  that  invented 
by  Capt.  Manby  is  the  most  convenient,  and  is  very  ingemous.  This  aj^aratna 
consisted  of  a  copper  vessel,  two  feet  long,  and  eight  inches  in  diameter,  capable 
of  holding  four  ^ulons.  A  metal  tabe,  a  quarter  of  an  inch  in  diameter,  psissd 
internally  from  the  top  to  within  half  an  mch  of  the  bottom  of  the  vessel,  fiv- 
nished  at  the  top  with  a  stop-cock  and  jet-pipe  one-eighth  of  an  inch  in 
diameter.  Three  gallons  of  a  saturated  solution  of  pearl-ash  in  water  being 
put  into  one  of  these  vessels,  the  jel-pipe  was  removed,  and  a  condensing 
syringe  afibrded  in  its  place ;  as  much  air  as  possible  was  then  pumped  into  thn 
space  remaining  above  the  fluid :  the  stop-cock  was  then  turned,  and  the  con- 
densing syringe  exchanged  for  the  jet-pipe.  In  this  state  the  apparatus  fiirmed  the 
well-known  artificial  fountain  in  pneumatics ;  on  turning  the  cock,  the  elastioi^ 
of  the  condensed  air  reacting  on  the  sur&oe  of  the  fluid,  forces  it  out  at  tho 
nozle  in  the  form  of  a  violent  jet  Six  of  these  vessels  were  placed  in  a  liffht 
hand-carty  with  which  a  man  could  run  at  a  good  speed.  On  reaching  the  fire 
the  man  tekes  one  of  the  charged  vessels  ^m  the  cart,  and  slings  it  in  fitmt 
of  him  bv  a  strap  passing  over  his  shoulders;  he  then  enters  the  build- 
ing, and  placing  himself  as  close  as  possible  to  the  fire,  turns  the  cock,  and  dis- 
chaiges  tne  contents  of  the  vessel  on  the  flames ;  by  the  time  the  first  vessel  ia 
expended,  others  will  have  been  conveyed  to  the  man,  who  discharges  them  in 
succession.  All  fires,  even  the  greatest,  have  small  beginnings,  and  when  early 
discovered,  are  easfly  kept  under  or  suppressed.  CapL  Manby 's  fire-cart  appears 
well  adapted  to  check  the  progress  of  nres,  if  not  by  entirely  suppressing  tliem, 
yet  by  keeping  them  within  the  ranse  of  easy  extinction  by  more  powerful 
means,  which  cannot  be  so  expeditiouuy  implied. 

Fire-engines  are  now  common  in  every  civilised  country ;  the  several  kinds  of 
these  useful  machines  having  been  already  fully  described,  it  wfll  only  he  nece»* 
sary  in  Uiis  place  to  offer  a  few  practical  remarks  on  their  management  In 
bringing  up,  placing,  and  setting  a  fire-engine  to  work,  great  judgment  is  requi- 
site, and  much  will  always  depend  upon  the  acquaintance  of  the  parties  employed 
with  the  duty  they  have  to  perform.  Great  activity  is  required  in  combination 
with  skilfuluess ;  six  good  hands  wiU,  at  any  time,  get  a  large  fire-engine  to 
work  through  two  or  three  forty-feet  lengths  of  hose  in  alMut  two  minutes, 
supposing  water  to  be  at  hand.  An  engine  being  set  to  work,  its  efficient  per- 
formance will  depend  entirely  upon  the  manner  in  which  the  stream  of  water 
is  directed.  The  old  method  was  to  throw  the  water  into  the  windows  at  ran* 
dom  ;  latterly,  however,  a  more  rational  mode  of  operating  has  been  adopted, 
and  one,  the  advantafe  and  efficacy  of  which  was  strikingly  exemplified  by  the 
experiments  of  M.  Van  Manim,  before  alluded  to.  The  only  successful  mode 
of  using  a  fire-engine,  is  to  take  the  director  or  branch-pipe  into  the  building,  aa 
near  as  possible  to  the  fire,  and  be  sure  that  the  stream  of  water  strikes  directly 
upon  the  burning  materials ;  this  cannot  be  too  often  or  too  anxiously  inculcated 
on  every  person  using  a  fire-engine.  £very  other  method  not  having  this  for 
ite  fundamental  principle,  will,  in  nine  cases  out  often,  utterly  fidl.  When  the 
water  is  thrown  into  trie  building  hap-haxard  from  the  street,  it  is  impossible  to 
t>sy  if  any  of  it  touches  the  parts  on  lire  or  not,  unless  the  flames  i^pear  al  the 


windowi.    Ob  taUng  tb*  hou  and  branch  [upa  inaide  the  building,  beaidea  the 

advanlace  of  the  water  atriking  directly  upon  the  fire,  there  i>  a  great  lavingin 

the  article  of  water  ita«lf  I  the  whole  quantity  thrown  by  the  engine  ij  uae^^ 

mnd  advantageously  appliad,  and  no  more  ii  thrown  into  the  building  than  la 

abtoluleiy  neceiaary  toe:''       ■'■■- 

flamei  are  found  to  cover 

able    ipace,    the   thumb   ahould    be 

S laced  partly  over  the  aperture  of 
le  node,  which  will  apread  the 
I  of  water  according  to  the 
~9  applied,  lo  aa  to  waih    - 


In  e 


er,  much  inconrenience  aniei 
&om  the  imoke  and  heat ;  to  avoid 
the  forrner,  by  fiu  the  moat  annoy- 
ing and  dangeroua  of  ths  two,  it  lie- 
come*  neceaiary  to  kneel  or  lie 
down,  M  that  the  fire  may  be  clearly 
•een  and  the  water  thrown  upon  iL 
While  in  a  recambent  poature,  aper- 
•on  wIU  generally  be  able  to  respire 
aircomparativelypure,  thongh  itand- 
ing  umighl,  aunocation  would  be 
inevitalile :  the  pureat  air  ia  alwaya 
the  lowest. 

Mr.  Roberts,  a  miner,  invented  a 
"hood  end  mouth -piece,"  which 
enabled  the  wearer  to  enter  premises 
when  on  fire,  through  the  mo«t  denae 
amoke,  and  reicne  human  life  and 
proper^,  or  apply  the  most  eligible 
meana  for  eztinginshing  ^e  flamei. 
Hr.  Roberti'a  t^paratua  ii  shown  in 
the  accompanying  angraving,  which 
il  a  side  view,  aa  it  appeaia  on  the 
wearer.  It  conaiats  of  a  leather  cap 
or  hood  a,  which  entirely  coven  the 
head  and  Eace,  with  strong  glataes 


covered  with  wash  leather,  which 
being  drawn  twht  round  the  neck 
by  a  strap  and  tnicUa,  excludes  the 


funoundmg 


imcient  capa- 
j  to  inclode  the  noae  and  mouth 
of  the  wearer,  and  finma  the  channel 
through  which  he  reipirei.  A  trum' 
pet-mouthed  orifice  u  formed  at  e, 
provided  with  a  good  cork  ilopper,  . 
vUch  is  aeeured  by  a  small  tnaas 
chain ;  the  use  of  thia  appendage  is 
to  kffixd  a  ready  relief  to  the  rongs, 
without  taking  off  the  hood  when 
4ha  wearer  goes  to  the  door  or  win- 
dow of  a  building  on  fire,  fi>r  the 
pnrpoaa  of  respiring  a  purer  atmo- 
sphere, or  to  eanauh  with  penooa  on  the  outride.  Below  this  part  ia  attached, 
1^  maani  of  an  union  joint,  a  fleiible  tube  d,  about  two  feet  six  iuchea  Icrag, 


and  tmninating  in  >  funnel  Rve  mche*  in  

■ponge  wtorated  with  wKter.  The  flexible  ppe  i*  kept  dkteiided  by  a  mini 
cofl  of  wire,  and  the  itrepe  e  e  are  for  the  pnrpon  of  bnttoniDg  it  b>  the  inm 
at  the  wearer,  to  ai  not  to  enconiber  hint,  or  impede  hii  excrtioiw.  Tie  open* 
tioa  oT  the  appu«tiu  i*  ai  fbHowi: — The  gtMoni  nd  other  nosiom  m" 


whieb  eziit  in  the  apatHneiit,  are,  by  the 
Ihimuh  the  funnel  of  the  tube,  where  the^  ai 
liquid  coaiained  in  the  aponge,  and  the  air  " 
•ate.    The  vfficae*  of  the  nipantui 
lua  been  repeatedly  proved,  in  the 
pmenee  of  nnmerona  inentific  indf- 
Tidnali,  anudat  the  ntott  denaemioke, 
oriaing  from  the  combmtion  of  wixA, 
wet  hay,  wood  ihaTinca,  Ice.,  beddea  _ 
large  quanlitiw  of  nilphiir,  in  tem- 
!•  varying  from  90  to  240°  of 

e  meaiure,  the 
„ . . .  ^ng  the  apartment 

fai  which    the   fire   u    raging,    Mr. 
Oeot;ge  Dodd  tQTented  and  patented 


to  tlie  lung*  in  a  pure 


of  a  peeiiliar  arrangement  of  levers 
and  jointa  connected  with  the  hoae 
rfa  fire  engine,  by  which  the  operator 
may  direct  a  j  etof  water  to  an  v  un  leen 


part  oftheintenarofaabiporDi 
fire.  Thit  will  at  once  be  understood 
on  reference  to  the  above  engraving, 
Fig.  1,  wherein  •  penon  at  □  ii  point- 
ing to  the  ipot  where  the  fire  ie  nlu- 
ated ;  the  operator  t  then  direct! 
the  lever  c  he  holda,  ao  at  to  point 
to  that  part ;  thia  movement  cauiea 
the  none  d  to  point  to  the  Mine 
place,  and,  conseauently,  the  utmott 
efiect  in  eitinguiiiiing  the  Bre  it  pro- 
duced, which  is,  of  eoune,  greatly 
accelerated  b^  excluding  the  admia- 
tiaa  of  freih  air.  The  annexed  Z^-  ^ 
exbibita  a  part  of  the  above  on  a 
larger  ecale,  ihowing  more  exactly 
the  eonilruction  of  Ihe  apparatui  by 
wbicb  theae  efibcta  are  produced ;  e 
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necessary  to  insert  the  apparatus,  the  carpenter  would  bo  directed  to  strike  out 
a  hole,  as  shown  at  g,  through  which  the  branch  would  be  let  down  to  the 
required  position,  when  it  womd  be  made  fast  by  turning  the  screw  h  in  the 
fenxle  ^  the  aperture  below  being  entirely  covered  by  a  large  flanch  at  the 
bottom  of  the  ferule,  as  represented.  The  lever  c  moves  upon  a  fulcrum,  or 
centre-pin,  at  the  upper  end  of  the  branch  pipe  e,  not  affixed  to  Uie  pipe  itself, 
but  to  another  ferule  fixed  thereon.  To  this  lever  is  attached,  by  another 
centre-pin  k,  the  louff  bar  1 1,  which  is  connected  by  a  pivot-joint  to  the  nose 
pipe  d.  It  will  now  be  seen,  that  as  the  distance  between  the  two  joints  in  the 
nose  pipe  is  the  same  as  the  distance  between  the  two  joints  in  tne  lever  c,  a 
corresponding  motion  will  be  produced  when  operated  upon  in  any  direction, 
upward,  downward,  horixontaUv,  or  obliquely ;  and  as  the  connectmff  rod  /  is 
perforated  with  a  number  of  holes,  it  may  be  attached  in  any  part  of  its  lengdi 
to  the  lever  c,  so  that  the  jet  may  play  close  under  the  deck,  or  far  firom  it 
There  are  several  otHer  modifications  of  the  apparatus  to  suit  diflbrent  circum- 
stances, but  the  above  explains  the  principle  of  action  of  the  whole,  which 
appears  calculated  to  prove  useful  in  stopping  fires  on  ship-board. 

FIRES,  Pbevention  op.    Among  the  vanous  modes  which  have  from  time 
to  time  been  proposed  for  this  purpose,  the  most  useful  and  important  are  those 
relating  to  ihe  manner  in  whicn  buildings  are  constructed.    The  general  prin- 
ciples to  be  attended  to  are  simple  and. briefly  stated,  vix.  the  use  of  incom- 
bustible materials  to  the  greatest  possible  extent,   and  the  placing  of  those 
necessarily  inflammable  in  situations  and  under   circumstances    the   most 
unfavourable  for  combustion.  The  incombustible  materials  commonly  employed 
in  building  are  stone,  brick,  and  metal ;  the  combustible  is  timber,  in  all  its 
various  forms.      Many  ingenious  expedients  have  been  resorted  to  for  the 
purpose  of  rendering  wood  fire-proof;  solutions  of  muriate  of  ammonia,  muriate 
of  soda,  sal  ammoniac,  borax,  alum,  and  several  other  salts  and  alkalies,  have 
this  property  to  a  certain  extent    Professor  Fuchs,  member  of  the  Academy 
of  Science  at  Munich,  invented  a  composition  for  making  wood  fire-proof, 
which  consisted  of  ten  parts  potass  or  soda,  fifteen  parts  fine  silicious  earth, 
and  one  part  charcoal,  mixed  together  with  water.     This  composition,  applied 
to  the  surface  of  wood,  forms  a  vitreous  coat,  which  efiectually  resists  the  action 
of  fire.    After  some  decisive  experimente  had  fidly  established  the  efficacy  of 
ibis  plan,  the  Royal  Theatre  at  Munich  was  protected  by  the  application  of 
this  composition ;  the  surface  covered  was  upwards  of  four  hundred  thousand 
square  feet,  and  the  expense,  it  is  said,  did  not  exceed  five  thousand  francs. 
The  following  is  an  English  composition  for  the  like  purpose :— one  part,  by 
measure,  of  fine  sand,  two  parts  wood  ashes,  and  three  parts  slacked  lime, 
ground  toeether  in  oil,  and  laid  on  with  a  painter's  brush,  the  first  coat  thin, 
the  second  thick.     This  forms  a  very  strong  and  adhesive  coating,  which  is 
both  fire  and  water-proof.     There  are,  in  genera],  however,  many  practical 
objections  to  the  use  of  these  preventives ;  and  the  more  feasible  method  of 
obtaining  the  desired  security  appears  to  be  in  the  judicious  selection  and 
skilfiil  disposition  of  the  materials  most  commonly  employed.    Bricks  form  the 
staple  material  for  building  in  most  of  the  towns  in  this  country,  and  with  them 
the  external  walls  are  ususuly  constructed  ;  where  due  attention  is  paid  to  the 
prevention  of  fire,  the  partitions  will  be  of  the  same  material.   If  circumstances 
permit  it,  brick  arches  will  also  be  used  for  supports.    When  it  is  desirable,  for 
the  purposes  of  trade,  &c.  to  support  the  walls  on  brestsummers,  those  of  cast 
iron  are  employed.    Pillars  of  tiie  same  material  are  also  frequentiv  used  with 
advantage  to  support  fronts  of  considerable  length.    In  this  way  the  skeleton 
or  frame-work  of  a  building  is  easily  completed  in  a  fire-proof  manner.    The 
next  thing,  then,  to  be  attended  to,  is  tne  floor;  and  here  we  find  caution 
extremely  necessary,  as  the  security  of  die  building  depends  greatly  upon  the 
manner  in  which  the  floors  are  constructed.  In  dwelling  houses,  floors  of  wood 
are  essential  to  an  Enslishman's  notion  of  comfort;  nor  is  there  any  real 
difficulty  in  obtaining  uiem  of  this  material  perfectly  compatible  with  the  end 
now  under  consideration.   There  is  a  particular  description  of  floor  occasionally 
used  in  Edinburgh,  which,  although  not  absolutely  fire-proof,  is  certainly  almost 
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pnctiettlly  to.  It  it  eompoted  liiiiDly  of  plaak,  two  and  a  half  or  tfafee  inehet 
thick,  lo  dotdy  joined  and  lo  nicely  fitted  to  eath  other  and  lo  the  waDa,  at  to 
he  oompleteljr  air  tight  Its  thidmeti^  and  itt  piupetty  of  heing  air  tight,  wiD 
feadHy  be  otieenrea  to  he  ita  only  caoae  of  tafety.  A  floor  of  «  aomewhal 
aimflar  kind  hat  been  employed  in  the  neighhoorhood  of  Manehetter  widi 
tncceti ;  the  plankt  are  about  three  inehet  tUek,  lointed  and  ploqghed  oo  the 
edget  for  the  porpote  of  recetving  tlipt  of  iron  called  tongnea,  that  enter  aome 
dirtance  into  each  bofdd ;  thit  makea  a  tight  and  tofattantial  floor,  which,  aa 
well  at  the  fimner,  ihould  be  laid  on  iron  joiatt.  Great  protection  it  capable  of 
being  given  to  boaided  floori,  by  nting  a  ttrang  fire^inKif  cenient  for  the  ceilingB ; 
the  plMter  at  pretent  employed  it  to  to  a  certain  extent,  but  thit  maybe  greatly 
improT^  If  a  fire  occurred  in  a  room  protected  in  thit  manner,  the  chance 
it  more  than  ten  to  one  that  it  would  bnra  ittelf  out  before  it  could  ignite  the 
building.  It  would  be  very  difficult  to  tet  fire  to  the  floor,  from  the  natural 
tendency  of  flame  and  heat  to  atcend ;  it  would  he  itill  more  difficult  to  ignite 
the  ceiling,  firom  the  retiatance  cffmd  to  the  flamet  by  cement,  iron  joittt, 
and,  finalfy,  by  the  doteneta  of  the  flooring.  If  the  fire  thould  not,  however, 
be  entirely  repulted,  ttill  itt  prqgreat  would  he  to  greatly  retarded  at  to  afiord 
l^nty  of  time  for  the  tuccenful  application  of  the  uaual  modet  of  tiqipretaion. 
before  quitting  thit  tubject,  however,  there  are  tome  kindt  of  floon  veritably 
fire-proof,  which' could  not  with  propriety  be  omitted.  At  Manehetter,  fire-proof 
floort  have  been  conttructed  in  the  following  manner : — the  columnt  and  beama 
are  of  catt  iron,  and  are  firmly  tecured  in  their  placet  vrith  wrought-iron  bara 
that  travene  firom  beam  to  beam.  Upon  a  maigm  undernde  the  beam  ipring 
archet  of  brick  work ;  theie  are  fillea  to  a  level  on  their  upper  side  with  hard 
rubbith,  and  then  covered  with  flags  or  tilet. 

Mr.  Frott,  builder,  of  Bankride,  London,  haa  tuoeeeded  in  fiirming  excelleut 
floors  and  rooft  to  houtet,  of  hollow  earthenware  tobet  and  cement,  to  combined 
at  to  form  a  floor  as  strong  aa  one  of  timber,  but  perfectly  fire-proot  The 
hollow  tubet  are  square  in  toe  tection,  and  are  made  of  brick  earth,  prepared 
by  machinery  in  a  very  superior  manner ;  they  are  placed  in  ttrata  in  cmiratite 
directions,  and  cemented  together.  The  floor  or  flat  roof  thut  produceu,  it,  in 
effect,  one  solid  flag  stone  of  the  size  required,  but  not  one-fifth  the  weight  of 
stone.  The  cement  which  Mr.  Frost  employs  is  thus  formed :  chalk  is  ground 
fine  in  a  mill,  and,  as  it  it  ground,  mizea  with  water,  which  carriet  itt  lighter 
particles  to  a  reservoir.  Clay  it  ground  at  the  same  time,  and,  mixed  with 
water,  is  conveyed  in  the  mann^  before  mentioned.  This  combination 
of  chalk  with  about  thirty  per  cent  of  clay,  is  drained,  and  left  to  evaporate 
to  dryness.  The  mixture  is  then  broken  up,  burnt  in  a  kUn,  and  after  being 
ground  to  powder,  it  it  closely  packed  in  casks;  in  thit  ttate  it  will  keep  for 
any  period,  and  may  be  tent  to  any  distance.  Mr.  Frost's  floors  have  many 
recommendations,  and  his  cement  affords  a  very  convenient  mode  of  protecting 
various  parts  of  buildlnga  firom  the  action  of  fire. 

^  Mr.  Farrow,  of  Great  Tower-street,  London,  took  out  a  patent  a  few  yean 
tince  for  a  new  method  of  constructing  fire-proof  buildings,  a  large  model  of 
which  was  erected  in  Mark-lane,  for  public  inspection.  The  walls  are  of  coarse 
brick  or  stone,  built  in  the  usual  manner.  The  joists  are  of  wrought  iron ;  they 
are  formed  with  a  lateral  projecting  flange  on  each  side,  upon  Mich  are  lai^ 
fit>m  joist  to  joist,  a  teries  of  flat  stones,  and  of  sufficient  thickness  (firom  two 
to  two  and  a  half  inches,)  to  lie  flush  with  the  upper  edge  of  the  joist,  forming 
a  level  floor  of  stone  interlined  with  iron :  it  may  be  used  in  thit  ttate,  or 
covered  with  plankt,  according  to  the  purposes  of  the  apartment  The  ends 
of  the  joists  are  turned  down  and  let  into  oond  stone  laia  upon  the  walls,  and 
cemented  or  run  in  with  lead,  which,  with  the  weight  of  the  wdls,  continued 
UDward,  takes  off  the  elasticiW  of  the  iron,  to  at  to  enable  the  joiatt  to  cany 
almott  any  weight,  and  at  the  tame  time  tiet  the  walls  together  in  such  a 
manner  at  to  render  it  impossible  for  them  to  separate.  The  boarded  floon  aro 
grooved  into  the  e^e  of  tne  joists  about  half  an  inch,  and  when  doweUed,  will 
require  very  little  faatening  down.  But  where  it  ia  necesaary,  a  atub  ia  let 
into  the  stone  floor,  and  screwed  to  the  edge  of  the  board;  there  are,  therefiire. 
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DO  nails  beceflssTy,  nor  any  other  fiuteninga  Tiaible  when  the  floors  are  ftushed. 
The  under  jart  of  the  atone  is  stabbed  or  made  rough,  so  as  to  form  a  good  key 
for  the  eeihng,  therefore  no  hiths  are  neeessaiy,  and  the  whole  floor  occupies  no 
more  than  from  four  to  five  inches  in  depth.  A  roof  is  the  same ;  and,  being 
corered  with  mastic,  is,  according  to  the  statement  of  the  patentee,  the  cheapest 
roof  ever  mvented,  wiUi  the  important  advantages  of  being  fire,  air,  and  water- 
proof. These  floors  have  been  successflilly  employed  in  some  susar  refineries, 
and  other  jiremises  liable  to  accident  tnm  fire,  and  are  admiramy  adapted  to 
nrerent  this  calamity.  Having  thus  briefly  described  some  of  the  most  important 
facts  relative  to  floors,  we  proceed  to  state  that  the  most  material  part  of  all 
buildines,  so  for  as  prevention  of  fire  is  concerned,  is  the  staircase,-^for  this  part 
above  ul  others,  acts  as  a  conductor,  and  gready  assists  the  spreading  or  the 
flames.  When  a  fire  is  discovered  before  it  has  gained  possession  of  the  stairs, 
its  suppression  is  comparatively  easy ;  but  the  staircase  once  on  fire,  there  is 
but  sught  chance  of  saving  the  buOdiiig.  Eff*ectuallv  to  prevent  the  spread  of 
fire,  therefore,  it  is  absolutely  necessary  that  the  stairs  should  be  wholly  com- 
posed of  some  incombustible  substance.  In  many  places  on  the  continent  tibe 
stairs  are  always  of  stone,  which  is  quite  sufficient  to  account  for  tiie  speedy 
manner  in  wmch  conflagrations  are  eztinsuished  by  the  fire  associations  of 
tiiooe  countries,  where,  although  the  number  of  fins  are  considerable,  the 
amount  of  damaee  is  usually  verv  small.  Nothing  gives  a  more  elegant  appear- 
ance to  a  house  than  a  clean  weU-proportioned  stone  staircase,  and  this  material 
is  by  far  the  most  eligible  for  the  purpose ;  economy,  however,  may  dictate  the 
employment  of  a  cheaper  material  without  prejudice  to  the  efiect  In  ordinary 
dwelling  houses  it  is  necessary  that  the  roof  should  be  as  light  as  practicable, 
nor  is  it  very  essential  to  bestow  fire-proof  qualities  on  thu  part ;  but  in  manu- 
foMBtories  and  public  edifices  it  becomes  desirable  to  render  the  building  fore-proof 
throuffhout  This  is  done  in  some  cases  by  using  cast-iron  framed  roofs,  with 
metaluc  or  other  covering.  At  the  New  Palace,  in  St  James's-park,  the  builder, 
Mr.  John  Richardson,  of  Spencer-street,  introduced  fire-proof  floors  and  roofs, 
composed  of  hollow  earthen  coombs  or  pote,  invented  some  thirty  years  before, 
and  first  used  at  Knifht's  Hill,  near  Diuwicb,  the  seat  of  Lord  Thurlow.  The 
coombs  are  arranged  m  arches,  springing  from  stone  abutments  resting  on  the 
flanses  of  the  iron  girders ;  the  spandrils  of  the  arches  are  filled  u^  with  brick 
work,  forming  a  level  roof,  which  is  covered  with  hot  cement  This  cement  is 
composed  of  chalk,  coal  tar,  and  sand.  The  first  coat  being  levelled  with  heated 
irons,  is  sufiered  to  harden  ;  a  second  coat  is  then  aj^plied,  and  the  slates 
embedded  in  the  cement  whfle  it  is  hot  Woeful  experience  has  shown  that 
the  defective  construction  of  chimneys  and  setting  of  stoves  have  been  a  fruitful 
source  of  fires ;  a  slight  attention  to  these  points  would  be  sufficient  to  remedy 
the  evils  arising  from  this  cause.  Lateral  openings  are  sometimes  imprudently 
sufiered  to  remain,  communicating  between  the  chimney  and  sides  of  the 
room ;  these  places  in  time  become  filled  with  soot,  which  a  falling  spark 
ignites,  and  sets  fire  to  the  apartment    No  beam  should  on  any  account  be 

S^rmitted  to  enter  a  chimney ;  this  was  too  common  formerly,  and  has  caused 
e  destructioiF  of  many  buildings.  An  act  of  parliament,  passed  some  years 
back,  for  regulating  buildinss,  and  so  preventing  the  spread  of  fires,  has  tended 
in  some  degree  to  remedy  the  evils  just  referred  to ;  this  act  however,  contains 
many  incongruities,  and  it  stands  ffreatly  in  need  of  that  revision  which  it  is 
expected  very  soon  to  undergo.  It  would  doubtless  be  both  useful  and  inte- 
resting to  follow  out  the  subject  of  fire  prevention,  and  detail  the  cautions 
necessary  to  be  observed  in  the  application  of  fire-heat  to  manufacturing 
processes,  as  well  as  the  management  of  fire  and  light  in  the  arrangements  of 
domestic  economy.  The  limits  of  this  work,  however,  will  not  permit  us  to 
extend  the  present  article ;  but  in  many  of  those  that  follow  we  shall  have 
occasion  to  make  some  observations  on  the  subject. 

FIRE-PLACE  is  a  general  term  given  to  the  brick,  stone,  and  iron- work, 
which  constitute  the  apparatus  for  heating  the  apartments  of  dwelling-houses^ 
and  for  performing  culinary  and  other  domestic  operations,  to  which  the  various 
names  of  stoves,  stove-grate,  grate,  and  range,  are  given ;  but  as  it  would  be 
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iminteretting  and  nideM  to  explain,  in  this  place,  the  haiMt  pmtMamt  fugtfdrd, 
and  other  common  open  atoTes  and  ranges,  with  wliich  cTenr  eye  is  fami- 
liarized, we  shall  connne  our  notice  to  the  leading  features^  (stripped  of  all 
ornament),  of  those  deviations  from  the  ordinary  apparatus,  which  are  regarded 
as  improvements  upon  the  before-mentioned.  It  has  been  remariLeo,  thai 
Englishmen,  who  boast  so  much  of  their  firesides,  and  who  are  the  neatest  and- 
most  skilfbl  manufacturers  of  iron  work  in  the  world,  are  generally  the  worst 

Provided  with  the  means  of  comfortable  warmth  of  any  civilised  nation, 
'he  mode  almost  universally  adopted  for  increasing  the  temperature  of  our 
apartments  by  the  common  open  stoves,  supplied,  as  they  are,  with  air  drawn 
from  around  the  chilled  persons  of  its  occupants,  is  pmaps  as  wasteful  and 
inefficient  as  could  be  designed.  Full  nine-tenths  or  the  neat  generated  in 
the  grate  is  rapidly  conduct^  away  up  the  chinmey  into  the  atmosphere,  while 
the  remaining  feeble  tenth  is  radiated  into  the  apartment  The  mtroductioo 
of  the  remitter  stoves,  about  thirty  years  ago,  undoubtedly  effected  a  connderable 
mitigation  of  the  evil  just  mentioned.  These  stoves,  filling  up  the  entire 
openms  of  the  fire  place,  and  being  provided  with  a  flap  door  at  the  upper  part 
or  the  back,  which  can  be  opened  and  shut,  more  or  less,  according  to  tne  state 
of  the  fire,  and  the  emission  of  the  smoke,  check  in  some  degree  the  current 
of  cold  air  which  is  constantly  rushing  to  the  fire-place  to  fill  up  the  vacuum 
in  the  chimney,  and  support  the  combustion  of  the  fuel  in  the  grate.  When 
there  is  only  a  little,  or  a  veiy  dear  fire  in  (he  grate,  the  flap  door  may  be 
almost  closed,  in  which  state  it  prevents  the  falling  of  soot  into  the  apartment. 
There  is,  however,  this  objection  to  such  stoves  bemg  made  entirely  of  metaL 
which,  horn  its  great  conductibility,  is  not  so  economical  with  respect  to  the 
fuel  as  the  following,  and  some  others  of  a  very  humble  kind. 

Irith  Stove. — Mr.  Buchanan,  in  his  Euojf  on  the  Eecmomy  of  Fuel,  relates^ 
that  on  landing  in  Ireland,  he  was  much  struck  with  the  excellent  construction 
of  the  fire-grate  in  the  room  of  the  inn  where  he  lodged.  He  at  first  thought 
it  was  an  mvention  of  his  landlord's,  but  on  proceeding  on  his  journey,  he 
found  the  same  kind  of  grates  common  in  that  part  of  Ireland.  Ag.  1  repre- 
sents a  front  elevation,  and  Fijf,  2  a  transverse  vertical  section  of  one  of  these 
fire-places,  which  appear  well  calculated  to  remedy  the  smoking  of  chimneys^ 


Fig.h 


Fig.  2, 


and,  at  the  same  time,  to  lessen  the  consumption  of  fuel.  The  fire  room  is 
wide  and  shallow,  presenting  the  greater  surface  of  fire  to  the  room,  and 
thereby  radiating  the  greatest  quantity  of  heat  into  it  The  upper  portion 
of  the  chimney  recess  is  partly  closed  by  an  \ipright  slab  of  nre  stone,  in 
which  is  cut  an  arch.  The  back  wall  is  formed  or  me  stone,  or  fire  brick,  into 
an  oval  niche,  and  the  throat  of  the  chimney  is  made  very  small  to  increase 
the  velocity  of  the  air,  and  thus  enable  it  the  better  to  cany  off  the  smoke. 

Btrmmgnam  Stove. — The  stoves  in  common  use  in  Staffordshire  and  War- 
wickshire, although  not  so  elegant  as  those  made  in  London  and  Nottingham 
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for  the  uine  cIiM  of  roonu,  are  far  more  judicioiuly  diiposed  for  difiUiIng 
warmth.  Instead  of  the  uiual  receu  in  the  brickwork  for  the  leceplian  of  the 
stove,  the  wall  Ubuilt  up  in  front  from  the  ground  to  the  mantel,  and  flush  with 
it,  leaving  only  an  aperture  of  eight  or  nine  inches  squaie  for  the  pastage  of 
smoke  into  the  chimney ;  this  is  situated  just  above  the  back  of  the  tloTS, 
which  is  placed  agaiiut  thii  wall,  projectiDg  its  whole  depth  entirely  into  the 

Oven  Fira. — There  is,  from  long  cuatom,  to  great  ■  detire  among  all  ranks 
in  &igland  to  see  the  fire  that  wumi  their  apartments,  that  the  most  con- 
veoient,  cleanest,  and  cheapest  methods  of  heating  them,  are  sacrificed  to 
this  tingle  circumstance.  Accordingly,  persons  who  attempt  the  improvement 
of  stoves  are  compelled  to  endeavour  to  combine  what  appears  to  be  itreeon- 
cilable,  namely,  the  appearance  of  a  bright  open  fire,  with  an  economy  of  fiict, 
regularity  of  temperature,  and  without  producing  a  draught  through  tne  apart- 
ment Of  the  variona  eontrivinou  in  which  the  attainment  of  these  proper- 
ties have  been  attempted,  there  are  but  fbw  worthy  of  notice. 

Sr  Qtont  0.  Pa»i't  Slopt. — This  stove  may,  at  [Measure,  be  made  either  an 
open  fire-place,  or  a  close  stove,  heating^  the  room  by  the  radiation  of  the  heat 
trora  its  m>nt  wall ;  and  when  thus  addng  as  a  close  stove,  it  serves  as  a  ven- 
tilator of  the  apartments  with  which  it  is  connected.  The  fire-place  is  of  the 
radinaiy  dimeniions.  Folding  doors  are  mode  to  close  the  fronts  of  the  ash- 
pit, and  to  fall  back  against  the  hobs ;  other  folding  doors  are  made  to  close  the 
ftoat  of  the  grate,  and  to  fall  back  against  the  sides.  The  lop  of  the  fire  grate 
was  also  provided  with  a  floor,  which  formed  a  back  when  open,  but  when  shut 
down  boriMntallv,  lefl  only  a  small  cavity,  and  produced  a  strong  draught.  It 
was  nipplied  witb  air  by  tunnels  underneath  tbe  hobs.  Although  the  utility  of 
this  itove  was  satisfactorily  proved  in  Gloucester  gaol,  and  other  plaee^  its 
ehimsy  inelegant  appearance  prevented  an  extensive  adoption.  Mr.  Marriott 
ha^  however,  so  modified  it  as  to  remove  the  above-mentioned  objection,  and 
has  racently  bimighl  it  before  the  pubUo  in  the  following  form.  The  shadowed 
-   dtndfiai 


just  of  sufficient  depth  to  admit  of 
the  doors  «  e  and  ff,  when  folded 
back,  to  lie  flush  with  the  other 
parts  of  the  front  of  the  stove,  as 
IB  the  case  with  those  marked  e 
and  d.  We  have  thus  arranged 
them  in  the  drawbg  merely  to 
render  the  matter  quite  clear  to 


the  i 


.ucU 


(nevertheless  cases  may  be  ii 
giued  wherein  tbey  would  be  so, 
■uch  as  screening  particular  objects 
from  the  inSuence  of  the  fire,  or 
increaeing  the  combustion  of  a 
particular  part  of  the  fuel,  by 
altering  the  direction  of  the  cur- 
rent of  air.)  In  lighting  a  fire,  or 
in  reolenishing  one  that  is  Ion,  the  combustion  is  greally  excited  by  ahut^ng 
the  fiar  tgiptr  Aoan,  which  act  as  a  "blower."  On  the  contrary,  when  a  fire 
bums  too  ra[Hd1y,  or  if  not  much  wanted,  the  four  loiter  doors  may  be  shut, 
which  will  damp  it  immediately,  yet  allow  a  great  portion  of  the  heat  to  radiate 
into  the  room.  On  retiring  to  bed,  or  wishing  to  leave  the  room  in  perfect 
security  from  fire,  all  the  doors  may  be  closed,  when  the  fire  will  infallibly  go 
out  for  want  of  draught  To  keep  in  the  fire,  and  yet  leave  the  room  in  safetv, 
or  to  prevent  the  radiation  of  much  heat  and  light  in  a  room  (ol^n  deairable, 
in  the  chamber  of  the  sick),  the  doors  may  be  placed  thus  ~V  V.  For  such 
chimoeyi  as  occasionally  return  their  smoke,  or  m  which  the  draught  is  feeble, 
these  stoves  will,  we  doubt  not,  be  also  found  very  convenient  and  advantageouB. 
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Pyen^'i  Patent  Fkt  &ot«.— Mr.  P^crofl,  6t  RoUarton,  Bwr  Burton-opOB- 
IVent,  took  out  a  p«t«nt  for  improvemeata  in  fire-pIacM^  in  lUI,  the  princiiile 
of  irtiieh  coniisti  m  connecting  with  th«  fira  it«ve  b  chunbei  fcr  bot  ab,  to  b« 
admitted  «X  plesiure  either  into  the  apartnietit  where  the  lira  !■  HlnUcd,  Mr  into 
one  adjoining  thereto.  The  hot-aii  chamber  eitendi  ftom  bakw,  up  bahind, 
■nd  on  each  aide,  and  over  the  top,  under  the  muteL  The  air  pa  mm  into  the 
chamber  by  a  lerie*  of  regiiten  dtuated  below  the  fire,  and  when  heated, 
'poMes  out  mto  the  cboDtber  bj  a  aeriei  of  regiatera  lituated  orer  the  fire. 
When  it  ia  intended,  for  the  aake  of  venlilatiDn,  to  recrive  the  air  to  be  heated 
from  the  external  atmosphere,  inatead  of  ftwa  the  room  whera  the  fire  ii  dto- 
at«d,  the  regiatera  below  the  fire  muit  be  cloaed,  and  a  communication  opened 
between  the  external  air  and  the  lower  part  of  the  chamber  ;  and  when  it  ii 
intended  to  throw  heated  air  into  an  adjoining  apartment  above  the  fire,  the 
regiiten  are  to  be  closed,  and  a  cammimicati<m  opened  between  the  tipper  part 
of  the  chamber  and  the  apartment  to  be  heated-  For  the  putpoae  of  exciting 
a  draught  at  pleasure,  and  of  prerenting  any  smoke  issuing  into  the  room,  a 
hood  or  blower  ia  hinged  to  the  upper  part  of  the  ^rate,  which  maj  be  brought 
out  towards  the  trout  or  top  bar  of  the  fire.  Behind  this  is  anolber  hood  or 
blower,  which  is  raised  or  lowered  by  a  knob  passing  through  the  first ;  thia 
inner  hood  is  provided  with  angular  nde-flaps,  which,  when  the  blower  ia 
btousht  down  and  projected  forward*,  tncloge  the  dde  of  the  fire.  This  stove 
has  likewiie  a  fl^  vajve  at  the  back,  acted  upon  by  a  handle  in  front,  by  which 
the  flue  or  throat  into  the  chimney  may  be  regulated  in  it*  dimeniloni,  and  tha 
draught  increased,  diminished,  or  entirely  slopped  at  pleasure. 

CuUn't  Patent   Stovt:—Th.n   invention, 

when  first  brought  before  the  public  in  ISlJi,  -j '', 

metw)(hconuderaUepBtronage;butitisnow,     ^-^         '  ' 
we  believe,  but  little  used,  owing  to  soma      J  ^ 


The  spirit  of  enterprise  which  originated  the 
invenLon  received,  we  have  been  informed, 
a  severe  check,  by  the  numerou*  and  com- 
bined attempt  oTrival  manubcturen  to  invade 


itOTCB  and  fire-place*  in  such  a  manner  as 
that  the  fuel  necestaiy  for  combustion  shall 
be  raised  and  supplied  &om  a  close  chamber 
beneath,  where  the  upper  atiatum  of  coal 
•hall  be  conitanlly  undergoing  the  process  of 
coking,  the  gaa  from  which  becomes  ignited 


n  passing  through  the  open  part  of  the  grate 
ibove,  and  bv  causing  Uie  said  cbarober  to 
descend  at  pleasure,  so  as  to  extinguish  the 


fire.  The  figure  represent!  a  vertical  section 
of  a  register  itove,  presenting  an  end  or  side 
view ;  a  is  one  of  the  front  pilasters ;  b  the  en- 
tablature; c  the  back;  d  the  chimney,  the 
entrance  to  which  ia  shown  by  the  curved 
e  the  top  plate,  turning  upon  hinge 


:ely,  hut  leaves  a  narrow  opening  at/, 
for  the  escape  of  the  vapour  and  dtut  that  inay 
arise  jirior  to  the  current  being  established  in 
the  direction  of  the  arrow,  by  the  effects  of  the  combustioD  i  j  are  the  &ont  gnt* 


FIRE-PLACeS.  531 

ban ;  il  the  receptacle  of  the  coi^,  including  i,  the  place  (at  uiual)  where  lliey 
are  fanmed.  Ai  the  air  which  findi  its  way  into  the  cloae  box  h,  a  only  (indent 
to  coke  the  coals,  their  perfect  combiu^on  a  not  effected  unlil  they  are  raised 
above  the  iront  plate  t,  at  which  place  the  air  poura  in  on  ^  four  lides,  between 
the  ban  in  front,  through  the  side  grates,  one  of  which  ii  ahown  at  I,  and  from 
an  aperture  at  o,  under  the  bottom  edge  of  the  back ;  p  i(  a  vertical  groove,  In 
which  the  bar  q  (seen  endwaya)  ttSTene*  up  and  down,  supportinK  the  movable 
bottom  plate  of  the  coal  bos  h.  To  each  end  of  this  bar,  eiteriorfy,  is  attached 
a  chain  r,  which  thereby  suspends  the  coal  chamber  (or  movable  bottom),  by 
an  horizontal  roller  i,  extending  aeroM  the  ttove.  This  roller  is  the  shaft  or 
axi*  of  a  cog-wheel  I,  and  is  put  in  motion  by  a  pinion  u ;  the  axis  of  u  is  a 
small  iquare  pin,  fitting  into  the  cavilv  of  the  winch  v ;  the  turning  round  of 
the  latter  winds  the  chain  upon  the  roller,  and  elevates  the  movable  bottom  g, 
which  raises  the  coals,  as  they  may  be  required  for  combustion,  to  nipply  the 


the  coals  resting  on  it,  ai  far  as  the  plate  x,  when  the  fire  dies  away  for  want 
of  air.  The  patentee  employs  a  pall  and  ratchet  to  stop  the  action  of  the 
roller,  which  is  operated  upon  by  prearing  upon  a  pin,  placed  externally.  Two 
objections  have  beet)  urged  against  these  jto'ves ;  one,  that  the  current  of  air 
passing  through  it  makes  an  unplea»nt  roaring  noise,  like  that  of  an  air 
nunace ;  the  other,  that  the  expansion  of  the  coals  in  undergoing  the  procesa 
of  coking  prior  to  bein^  raised  into  the  open  part  of  the  fire,  causes  tnem  to 
adhere  so  fast  to  the  sides,  as  to  render  the  mction  excessive,  and  the  labour 
great,  of  railing  up  and  getting  down  the  coals.  These  objections  are,  how- 
ever, we  believe,  not  of  an  insuperable  character,  and  may  be  overcome  by 
mechanical  skill. 

Jtfrt.  StnM'M  Store. — A  plan  of  a  stove  designed  for  burning  ita  own  smoke, 
was  communicated  by  Mrt.  Rachel  Smith  to  a  petiodical  journal,  which  seems 
susceptible,  by  its  wmplicity  of  construction  and  soundness  of  principle,  to  be 
made  effective  (or  the  object  intended  Hie  stove  is  made  exteriorly  of  the 
usual  fbim,  excepting  that  the  Sre  part  /  is  of  greater  length  or  height  than  is 


common,  and  the  spaces  under  the  hobs  are  made  into  reservoin  to  receive  the 
coal;,  as  shown  at  e  e,  for  supplying  the  fire.  The  hobs  are  upon  hingea,  and 
fonn  lids,  which  shut  down  veiy  cloeely,— if  air  tight,  the  better.  The  cheeks 
of  the  grate  are  open  at  the  bottom,  so  that  the  cmIs  lying  upon  the  inclined 
planes  of  the  reservoirs  descend  by  their  own  weight,  and  occupy  the  lower 
part  of  ^e  grate ;  and  as  the  fiiel  u  consumed,  or  raised  by  the  poker,  a  &eih 

' .• r     °^l . C :.!.» L^L    „f  tk.    ^..^..-^      .„A    Alia  i<n  th* 


■pace.    In  this 
smoke.    The 
for  the  di^'s  < 


from  either  or  both  of  the  reservoirB,  and  fills  up  the 

the  ftiel  is  constantly  supplied,  occasioning  little  or  no 

lirs  should  be  of  a  edacity  sufficient  to  hold  enough  coals 
ijrtion. 
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AUma't  Patau  Slave.  — Mettn.  Atkiu*  and  Maniolt  haJ  a  joinl  patent  fur  a 
■moke-conaiiining  ilove  on  the  principle  of  the  lut  described,  which  thejr 
manuTactured  in  a  ityie  of  gnat  el^ance,  and  adapted  to  ths  tbHoui  liEutUioni 
and  application*  of  domeatic  itOTea.  The  patenteet  atate  their  object*  to  be, 
flnl,  to  afibrd  *  remedy  for  imoky  chimneys  i  and  lecondly,  to  ecooomiie  fiiol, 
•nd  regulate  the  heat  evolved  from  >lovei  or  gratei  for  warming  apartmenti, 
and  for  the  varioui  operationa  of  cooking.  In  order  to  efieet  the  combuMiou 
of  the  auioke,  the  cotU  are  thrown  into  a  coal  chamber  at  the  back  of  tlie 
grate,  which  ii  eloied  by  a  door.  At  the  lower  part  of  thii  chamber  there  ia 
an  opening  through  the  Iwck  into  the  grate,  the  interior  of  the  box  being  formed 
to  at  to  throw  thp  coalt  forward  to  aupply  the  grate  when  neeetMrr-  Tixe  other 
improvement  made  by  the  patenteet  coniitti  of  an  appendage,  in  lieu  of  a 
fender,  attached  to  the  front  and  lower  part  of  ony  kind  of  etove  or  grate,  which 
they  denominate  a  baaemenL  Thia  baaement  they  uaualiy  make  of  a  convenient 
inclination,  to  put  the  feet  upon,  but  it  may  be  made  of  any  figure  or  dimenaiona 
according  to  individual  tattc.  It  it  provided  with  a  drawer  or  box  to  receive 
the  othea,  beneath  the  fire,  and  with  aperturea  in  front  to  admit  air  beneath  the 
file  has.  The  whole  of  the  iulerior  of  this  baaemeot,  except  the  aab  box,  ia 
filled  with  a  mixture  of  pulveiiied  charcoal  and  lime)  the  atove  haa  alto  a 
canopy  or  cornice  filled  with  aimilar  alow  conductora  of  heat;  alto  each  aide  of 
the  BTBte,  at  well  at  a  ^rt  of  the  back,  are  provided  in  like  manner.  The  effect 
of  Uieae  Bppendagea,  m  retaining  that  portion  of  heat  which  ia  nearly  all  lott 
to  the  apartment  in  other  atoTea,iB  doubtleat  very  great ;  we  are,  indeed,  credibly 
informcil  that  it  will  pretterve  nearly  the  tame  temperature  in  a  room  for  teversl 
bouri  afler  the  fire  it  extinguithed  These  alovea  have  pipet  or  patsages  for 
allowing  a  column  of  air  to  aacend  through  the  baaement  and  upper  portion, 
which  becomee  warmed  in  itt  paaaage,  and  fiowt  out  into  the  apaitmeDt  above. 

Jacomb't  Palml  Qraltt. — The  principle  of  thia  Invention  alio  conaiata  in 
placing  the  fresh  fuel  underneath  the  ignited  portion ;  but  the  mode  of  carrying 
it  into  effect  ia  peculiar.  The  atove  ia  a  kind  of  grated  cage,  cylindrical  or 
parallelopi pedal,  turning  upon  axet,  which  are  mounted  on  tide  standardt. 
On  two  of  the  oppoiite  tidea  of  the  aai  ~ 


r^ —  -„e  aaid  cage  it  a  grated  door,  each  of  tliei.. 

•erviug  alternately  for  admitling  the  freeh  fuel,  and  a*  an  aah  grate.  The  coala 
■re  supplied  at  the  top  of  the  &e ;  the  door  of  admiasion  it  then  thut,  and  the 
grate  turned  half  round,  to  at  to  bring  the  freth  fuel  underneath,  b^  which 
meant  the  gat  Fmitted  hecomei  infiam^  in  ita  ascent  through  the  ignited  fuel 
above.  The  telection  of  the  materials,  and  the  divenification  of  deaigna  and 
proportioQt  for  the  construction  of  ttovea,  will^f  courte  depend  upon  Qie  utea 
to  which  they  are  applied ;  but  we  will  aelect,  at  an  exam[je,  the  following  one 
adapted  for  a  parlour,     fig.  1  it  a  front  view,  and  Fig.  1  is  a  aide  view,     a  a 
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are  the  axet,  which  rest  and  tlide  in  horixontal  grooves  b.  lite  two  doort 
before  mentioned,  represented  in  I^.  S,  are  made  fast  by  catchea  x  «.  The 
stove  ia  put  into  action  by  ligh'ting  a  fire  in  the  ordinaiy  inanner  with  coal  or 


fire-places.  538 

other  fuel,  as  near  as  possible  at  the  top,  preferring  to-  place  uppermost  the 
cinders,  and  green  coal  undermost ;  the  fire  will  then  gradually  find  its  way  to 
the  bottom,  burning  with  little  or  no  smoke,  which,  together  with  the  gas  or 
vapour,  is  consumed  as  emitted.  When  fresh  fuel  is  required,  it  is  to  be  placed 
on  the  top  of  the  ignited  fuel,  and  the  door  shut  down  and  secured  by  the  catch 
X ;  the  grate  is  then  to  be  drawn  forward  in  the  groove  6,  and  turned  round 
one  half  of  a  revolution  on  its  axis,  and  then  be  returned  back  again  to  its 
former  position  in  the  groove. 

LUnf^t  Patent  Stove  consists  in  the  adaptation  of  a  box  in  a  recess  at  the 
back  of  an  ordinary  register  or  other  stove,  for  the  reception  of  sufficient  coals 
for  a  day's  consumption,  which  are  to  be  drawn  forward  into  the  fire  as  they 
may  be  wanted,  and  thus  supersede  the  use  of  the  coal  scuttle, — an  utensil 
which  has  certainly  its  inconveniences.  That  this  operation  may  be  performed 
with  facility,  the  box  at  the  back  of  the  stove  is  closed  with  a  sliding  door,  the 
weight  of  which  is  supported  by  a  counterbalance  suspended  over  a  pullev ;  it 
is  therefore  drawn  up  or  let  down  with  ease,  by  means  of  a  small  handle  placed 
conveniently,  when  the  coals  may  be  raked  on  to  the  fire  by  means  of  the 
poker. 

Smoke'-coneuming  Stove.'^The  annexed  cut  is 
illustrative  of  a  design,  by  an  anonvmous  inventor, 
for  a  stove  to  consume  its  own  smoke.  We  are  not 
aware  of  its  having  ever  been  constructed,  but  as  it 
presents  a  novel  and  elegant  arrangement  of  parts, 
calculated  to  answer  the  intended  purpose  in  judi- 
cious hands,  we  give  it  insertion.  The  inventor 
proposes  that  the  smoke  from  the  frerii  fuel  -shaU 
oe  allowed  to  ascend  up  a  short  flue,  and  then 
descend  and  rise  again  through  a  tube  placed  in 
the  middle  of  the  fire,  after  which  the  tube  conducts 
the  remaining  incombustible  gases  into  the  chimney. 
The  intense  heat  of  the  tube  which  rises  through 
the  fire  must  necessarily  bum  the  smoke,  economize 
fuel,  and  increase  the  temperature  of  the  room. 

Silveiter^s  Patent  Stove, — ^The  common  methods 
of  heating  buildings  by  means  of  hot  air  stoves  had 
been  much  and  justly  complained  of,  from  the  salubrity  of  the  air  being  fre- 
quently iniured  by  its  commg  in  contact  with  the  surface  of  a  stove  compara- 
tively small,  but  intensely  heated ;  and  to  remedy  this  evil,  the  late  Mr.  Silvester 
introduced  cockle  stoves,  first  in  the  Infirmary  of  Derby,  and  afterwards  in 
many  other  places,  with  large  heating  surfoces,  that  they  might  be  sufficient  to 
heat  moderatelv  a  large  quantity  of  air,  but  not  to  be  heated  so  high  as  to 
injure  ^ny  portion  of  it ;  and  thus  was  obtained  an  extetisive  ventilation  by 
air  moderately  warmed.  (See  Air.)  Still,  however,  stoves  of  this  kind, 
without  considerable  care  and  skill  on  the  part  of  the  firemen,  were  liable  to 
become  ovei>heated,  and  at  times  to  deteriorate  the  air;  and  to  obviate  the 
possibility  of  this  defect  seems  to  be  a  principal  object  with  the  present 
patentee.  He  proposes,  in  the  first  place,  to  lower  the  fire  grate,  till  the  bottom 
bars  are  on  a  level  with  the  surface  of  the  floor  of  the  room  in  which  it  is 
placed.  The  fire  bars  are  prolonged  and  widened  to  touch  each  other  in  front 
of  the  fire,  so  as  to  form  a  nearth.  Thev  re<jw're  no' fastening  into  their  places, 
bat  simply  to  be  laid  upon  appropriate  bearings  at  each  end.  There  are  grooves 
made  on  the  under  sides  of  the  fire  bars,  for  the  admission  of  fresh  air  for 
supporting  the  combustion  of  the  fuel  within  the  grate,  and  for  the  escape  of 
hot  air  into  the  room.  It  is  stated  that  the  bars  may  be  either  made  of  equal 
lengths,  to  constitute  a  rectilineal  hearth,  or  of  different  lengths,  to  constitute  a 
curvilineal  one,  at  pleasure.  When  the  ash  pit,  which  is  situated  below  the 
fire  in  the  usual  manner,  requires  dearinff  out,  a  few  of  the  fire  bars  are  to  be 
removed,  which  can  be  effected  with  faciuty,  as  they  are  not  ma4e  fast  to  any 
thing.  Mr.  Silvester  proposes,  in  the  second  place,  to  surround  at  least  three 
sides  of  his  fire  with  a  vessel  containing  water,  and  upon  the  exterior  of  this 
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water  veisel  he  csiuet  a  large  quantity  of  cold  air  to  impinge,  that  ita  teni' 

Eerature  may  be  elevated  sufficiently  to  communicate  the  required  degree  of 
eat  or  ventuation  to  any  adjacent  apartments  to  which  it  may  be  conveyed* 
For  the  purpose  of  conveying  the  cold  air  to,  and  the  heated  air  from,  the 
water  vessel,  the  patentee  proposes  to  employ  apparatus  of  the  same  description 
as  that  employed  with  the  not  air  cockles  invented  by  his  father. 

GawU  and  £ckiUm*s  Grate. — ^The  stove  designea  by  these  gentlemen  (for 
which  they  had  a  patent  in  1831,)  has  a  grate  of  bars,  of  a  semi^iptical  form, 
attached  to  a  straight  back,  which  is  brmight  much  further  forward  than  are 
the  backs  of  stoves  of  the  usual  construction,  by  which  arran^ment  three 
sides,  or  what  is  equivalent  to  three  sides,  of  the  fire,  is  in  a  situation  to  radiate 
beat  into  the  room.  Immediately  over  the  fire  is  placed  a  metallic  hood,  which 
receives  and  radiates  into  the  room  a  portion  of  the  heat  which  would  otherwise 
pass  up  the  chimney.  The  distance  Mtween  the  fire  and  hood  is  diminished 
and  increased  at  pleasure,  by  elevating  or  depressing  the  ^rate  containing  the 
fire,  and  thus  is  obtained  the  means  of  increasing  or  diminishing  at  pleasure 
the  draft  of  the  fire,  and  of  preventing  the  escape  of  smoke  into  the  room. 
The  change  in  the  altitude  m  the  grate  is  effected  by  means  of  projections 
from  the  grate  passing  through  vertical  slits  in  the  back,  which  projections  are 
joined  together  by  a  cross  bin*,  attached  to  a  lever  bv  a  connecting  link ;  this 
lever  has  on  its  exterior  end  a  toothed  sector,  which  is  actuated  by  a  small 
pinion,  whose  axis  receives  a  regulating  winch,  passing  through  a  small  hole  in 
the  back.  This  hole,  with  the  pinion  axis,  is  the  only  part  connected  with  the 
rising  apparatus  which  is  visible  in  firont,  which  admits  of  their  being  manu- 
factured m  a  style  of  great  elegance  and  neatness. 

Maw*s  Stooe.-^ThiB  apparatus,  for  which  Lieut  Maw  obtained  a  patent  in 
1831,  consists  in  the  introduction  of  a  fuel  drawer,  or  receptacle  for  the  fuel, 
which  is  placed  under  a  grate  of  the  usual  construction,  in  order  that  the  moat 
volatile  portion  of  the  fuel  may  be  liberated  and  be  consumed  in  its  ascent  through 
the  fire ;  and  when  the  coal  has  thus,  by  parting  with  its  gaseous  matter,  been 
converted  into  coke,  it  is  to  be  removea  from  ue  fuel  receptacle,  and  placed 
upon  the  fire,  leaving  the  receptacle  at  liberty  for  the  introauction  of  another 
supply  of  fresh  fuel.    A  fix>nt  elevation  of  one  of  Lieut.  Maw's  fire  grates  is 
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exhibited  in  the  above  cut  at  Fig.  1,  and  a  sectional  side  view.  Fig.  2,  wherein 
a  shows  a  grate  of  the  usual  construction,  and  b  a  fuel  drawer  or  receptacle^ 
having  a  grating  underneath,  for  the  admission  of  atmospheric  air  to  maintain 
the  combustion.  The  openings  in  the  grating  between  the  fire  and  the  fuel 
receptacle  are  made  at  some  distance  from  the  front,  that  the  volatile  matter, 
in  its  ascent,  may  not  pass  so  near  tiie  firont  of  the  fire  as  to  be  cooled,  lest  it 
escape  without  beinff  consumed.  The  advantages  which  would  result  from 
having  the  fuel  supplied  to  a  fire  under  the  isnited  portion,  have  been  long 
acknowledged;  and  of  the  various  pUms  that  have  been  proposed,  we  do  not 
think  there  is  one  so  well  calculated  to  answer  the  purpose  of  burning  the 
smoke  as  that  of  Lieut  Maw. 

WfUys  Ftre  Places.  —  Mr.  Witty,  by  a  judicious  attention  to  proportions. 
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and  the  oonyenienees  required,  hat  tucceeded  In  adi^ng  the  original  invention 
of  Watt  (descrihed  under  the  word  Furnace,)  to  domestic  stoves,  particularly 
those  of  the  close  kind.  Mr.  Witty  has,  however,  unadvisedly  taken  out  a 
patent  for  these  stoves,  although  we  can  discover  nothing  that  is  original  in  the 
principle  nor  in  the  arrangement  of  the  parts.  Some  elegant  and  very  effective 
stoves  on  this  plan  may  be  seen  at  the  Museum  of  National  Manufiutures  and 
the  Mechanic  Arts,  in  Leieestei^uare. 

NoU*8  PaiefU  Fwmaeei, — A  very  efl^tive  kind  of  dose  stove,  particularly 
adapted  to  large  rooms,  halls,  and  churches,  and  jMssessin^  considerable 
novelty  of  appearance,  has  lately  been  introduced  into  this  country  by 
Mr.  J.  B.  Nott,  from  the  United  States.  In  the  upper  part  of  a  low  pedestal 
is  a  large  capacious  chamber,  capable  of  holding  a  sufficient  supply  of  coals  for 
the  day  s  consumption ;  from  this  receptacle  the  coals  gradually  sink  down,  as 
they  are  consumed,  in  front  of  the  grate,  and  are  deposited  upon  an  arched 
grating,  supported  upon  a  pivot,  upon  which  it  is  made  to  osciUate,  Coy  usins 
the  poker  as  a  lever  for  that  purpose,)  and  thereby  dear  the  bars  of  asnes ;  and 
when  it  may  be  necessary  to  clear  or  put  out  the  fire  entirdy,  the  said  vibrating 
^ting  is  moved  through  a  greater  anele,  by  which  all  the  ignited  ftiel  thereon 
is  thrown  out  at  either  end  of  the  arcn.  To  give  the  lively  appearance  of  an 
open  fire,  and  the  security  of  a  close  stove,  the  front  of  the  stove  is  enclosed  by 
windows  of  talc,  through  which  the  glowine  fuel  is  seen.  The  air  is  admitted 
for  lighting  the  fire  by  leaving  the  ash-pit  drawer  a  little  way  open,  and  when 
ignition  is  complete,  the  drawer  may  be  entirely  shut,  as  sufficient  air  finds  its 
way  through  the  imperfectjunctions  or  fittings  of  the  metal,  to  preserve  a  vivid 
combustion  of  the  niel.  The  fire  chamber  b  encased  in  fire  brick,  or  some 
other  suitable  dow  conductor,  which  prevents  the  surrounding  cast  iron  from 
obtaining  that  high  temperature  which  is  found  to  deteriorate  the  air  of  the 
apartment,  and  the  heat  b  in  consequence  more  uniformly  difiused  over  the 
other  parts  of  the  structure,  which  presents  dtogether  a  very  extensive  surface 
of  metd  for  the  radiation  of  heat,  principally  derived  from  a  tall  ornamented 
chimney,  of  a  flat  pyramidd  or  pilaster-like  form.  In  this  chimney  there  is  a 
turn  valve,  to  regulate  the  egress  of  air,  the  action  of  which,  together  with  the 
management  of  the  ingress  crevice  at  the  ash-pit  drawer,  determines  the 
quantity  of  heat  or  the  rate  of  combustion  of  the  fuel.  In  fitting  a  stove  of 
this  kind  to  a  room  having  the  ordinary  cavity  for  the  fire-place,  Mr.  Nott 
converts  the  latter  into  a  hot  air  chamber,  and  places  his  close  stove  upon  the 
hearth  in  front.  A  stove  of  this  kind  is  employed  for  warming  the  extensive 
range  of  rooms  at  the  Museum  of  Nationd  Manufactures  and  the  Mechanic 
Arts,  in  Leicester-square,  which  it  does  most  efficiently,  with  ver^  great  economy 
of  fuel.  Anthradte,  or  stone  coal,  which  is  dmost  wholly  free  nom  bituminous 
matter,  and  emits,  in  consequence,  scarcely  any  smoke,  may  be  very  advan« 
tageously  bumod  in  stoves  of  this  kind. 

German,  Pjframidal,  Pedestal,  Sarcopkagut,  ^.  Slov€».-~All  grates  of  this 
class  are,  strictly  speaking,  close  stoves,  the  fire  being  entirely  shut  up  within 
them,  the  flue  or  chimney  usually  consisting  of  a  metdlic  pipe,  which  is  con- 
ducted through  the  walls  of  the  room  to  the  extemd  atmosphere.  The  German 
stove  is  a  verticd  cylinder  of  sheet  iron,  mounted  upon  legs,  having  internally, 
and  about  midway,  a  short  cylinder  of  cast  iron,  with  a  grating  at  bottom, 
which  constitutes  the  fire  room,  and  underneath  is  the  ash  pit.  The  tops, 
which  are  varioudy  formed  to  suit  particular  purposes,  are  made  to  take  on  and 
off,  so  as  to  allow  of  baths,  boilers,  or  retorts,  to  fill  up  the  aperture,  and  thus 
become  the  cover  to  the  upper  part  of  the  furnace ;  tne  application  of  heat  is 
thus  very  convenient  and  effective,  and  is  much  used  for  chemicd  processes, 
and  manufacturing  operations  on  the  small  scde.  The  pyramidal,  pedestd,  and 
sarcophagus  stoves  are  of  similar  intemd  construction  to  the  German  or 
cylinaer  stoves,  but  they  are  usually  of  cast  iron,  and  designed  with  a  view  to 
ornament  as  well  as  utility :  their  extemd  forms  are  explained  by  their  names. 

Having  now  described  the  principal  varieties  of  stove  grates  or  fire-places  in 
their  most  improved  forms,  (including  dr  stoves,  which  will  be  found  under  the 
article  Air),  we  shall  close  this  part  of  the  subject  by  a  few  observations  on  the 
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proper  construction  of  fire-plaee«  in  p«neral,  in  order  that  the  reader  may 
understand  the  defects  that  may  exist  m  his  own,  and  know  bow  to  apply  the 
remedy.     In  open  fires  the  bars  should  not  be  larger  than  is  necessary  for 
strengUi,  as  they  obstruct  the  radiation  of  heat,  and  prevent  the  egress  of  air, 
which  is  reouisite  for  making  the  fire  bum  clear.    To  attain  a  clear  fire, 
Mr.  Tredgola  justly  says,  that  the  sides  of  the  bumine;  fuel  should  be  at  least  half 
surround^  with  slow  conductors  of  heat^  otherwise  the  heat  developed  will  pass 
off  so  quickly  by  conduction,  that  the  fuel  will  bum  dead,  and  that  heat  which 
ought  to  be  radiated  will  be  expended  in  warming  the  walls,  &c.  behind  the 
fire.     Iron  is  a  very  rapid  conductor  of  heat,  and  therefore  it  should  be  used 
as  sparingly  as  possible.    Fire  brick,  a  slow  conductor,  is  employed  with  much 
advantage  for  tne  backs  and  ends  of  grates  by  a  few  manufacturers,  but  iron- 
mongers in  general  seem  to  think  it  more  desirable  to  use  iron  than  to  economize 
fuel,  or  to  work  on  sound  principles.    But  when  a  fire-place,  made  of  slow 
conducting  materials,  is  huge  and  filled  with  fuel,  as  soon  as  the  fire  becomes 
bright  the  heat  is  extremely  intense  and  scorching ;   when  the  fire  is  in  this 
state  it  is  often  too  powernil  for  the  room,  though  perhsps  barely  sufficient 
when  the  combustion  is  less  perfect    This  mav  be  remedied  by  any  method 
which  enables  lis  to  expose  a  greater  surface  of  hot  matter  with  the  same  bulk 
of  fuel,  and  at  a  lower  degree  of  heat.    Some  time  iu;o  "  fire  balls,"  (spheres 
made  of  baked  clay,)  were  used  with  this  object ;  but  weir  inconvenience,  when 
not  judiciously  attended  to,  brought  them  into  disrepute.      An  improved 
substitute  for  them  has  been  suggested  by  Mr.  Tredgold,  when  the  fire  is 
of  mater  length  than  18  inches ;  that  of  building  a  projection  from  the  back 
of  Uie  grate  (and  of  the  same  depth)  to  within  three  mcnes  of  the  front  bars. 
This  projection  should  be  of  gooa  fire  brick,  and  built  firmly  in  with  the  other 
part  of  tne  back.  Thus  is  left  a  space  for  a  sufficient  body  of  fire  on  each  side, 
and  the  surface  is  increased  without  adding  to  the  mass  of  burning  fuel. 
The  combustion  of  the  fuel  in  an  open  grate  should  not  be  faster  than  is 
necessary  to  produce  a  clear  fire.     To  guard  against  the  loss  of  heat  by  the 
warm  air  of  the  room  ascending  the  chimney,  two  partial  remedies  have  been 
adopted — that  of  lowering  the  mantel,  and  contracting  the  throat  of  the 
chimney ;  but  the  first  of  these  remedies  impairs  the  ventilation  of  the  room» 
and  the  second,  causing  a  rapid  draught,  increases  the  consumption  of  fuel. 
For  some  rules  in  duly  proportioning  the  flues,  see  the  article  Chucmbt.     A 
grate  should  offer  as  little  obstruction  as  possible  to  the  radiation  of  heat,  and 
therefore  the  usual  mass  of  metal  below  the  front  bars,  called  a  fret,  is  objec- 
tionable ;  and  the  sectional  form  of  bars  should  be  that  of  a  wedge,  with  the 
sharp  extremity  rounded  of^  which  part  should  be  inside,  or  next  to  the  fuel, 
as  it  is  advantageous  to  have  as  little  metal  as  possible  in  contact  with  the  fuel. 
There  is,  however,  no  objection  to  the  employment  of  metallic  covings,  as 
reflectors  of  heat,  when  separated  by  a  slow  conductor  finom  the  metal  of  the 
erate ;  and  instead  of  these  being  blackened,  as  they  are  usually  in  the  common 
Riimford  stoves,  they  should  be  hright  or  polished  surfaces,  and  preferably  of 
brass  to  the  other  common  metals.     The  ande  best  suited  for  the  coving  is 
45°  with  the  firont  line  of  the  grate.  The  height  of  the  grate  from  the  floor  is  an 
object  of  some  importance ;  if  it  be  placed  too  low,  the  heat  is  expended  almost 
wnolly  on  the  hearth,  and  the  fire-place  seems  buried  within  the  fender ;  if  it 
be  placed  too  high,  a  person's  face  is  scorched,  while  too  small  a  portion  of 
heat  is  given  to  the  floor  to  render  a  room  comfortable ;  but  a  high  mantel  has 
the  advantage  of  producing  a  more  effectual  ventilation.     Mr.  Tredgold  con- 
sidered  that  the  top  bar  of  stoves  ought  not  to  be  less  than  20  inches  from  the 
floor,  and  never  exceed  2  feet ;  and  when  the  lower  part  of  the  fire  is  not 
buried  in  a  mass  of  metal  work,  there  will  be  an  abundant  supply  of  heat 
thrown  upon  the  floor  from  the  greater  height.   The  space  between  the  top  bar 
and  the  mantel  will  require  to  be  proportioned  to  the  size  of  the  room  ana  the 
height  of  the  chimney,  and  in  ordinary  cases  may  be  about  15  or  16  inches. 
With  respect  to  the  proportion  of  grates  to  different  sized  rooms,  Mr.  Tredgold 
has,  from  observation,  deduced  the  following  rule : — Let  the  length  of  the  front 
of  the  grate  be  made  one  inch  for  each  foot  in  length  of  the  room,  and  the 


FIRE-PLACES. 


537 


depth  of  the  frtnt  be  half  an  inch  fir  each  fbot  in  breadth  of  the  room.  If  ihc 
length  of  the  room  be  Mich  ai  requires  ths  grata  to  be  longer  than  2)  feet, 
two  fire-places  will  be  neceuarj ;  and  in  that  caie  the  latne  proportiona  maj 
be  adopted,  divided  into  two  gratet,  unlew  the  room  be  veiy  wide,  when  a 
greater  length  ihould  be  given,  and  leu  depth,  k>  aa  to  praaerre  an  equivalent 
area.     For  varioiu  information  connected  with  tht»  nmject,  lee  the  arti^ei 

VeKTILATIOH,  ComBUITIOH,  a  IB,  FuBHAcn,  ftc. 

WeUa't  Patent  Perrptintl.—Tb.\t  is  t,  imall  portable  cooking  itove,  and  b 
TCTj  ingeniouity  contrived.  The  patentee  itatei  in  hii  proipectui  of  it,  that 
"  it  boQji  water,  preparei  coffee  and  chocolate  in  a  very  fupenor  manner,  boil* 
eggi,  cooks  a  beef-iteak  or  a  slice  of  ham,  all  in  less  than  ten  minutes.  For 
dinner,  it  will  prepare  toup,  steam  vegetables,  and  cook  fish,  ehopa,  or  iteaks, 
at  the  «ame  lime ;  and  (or  these  one  farlhing'i  worth  of  fuel  is  sufficient." 
F^.  I  is  an  external  view,  and  Ftg.  2  is  a  vertical  section ;  a  is  a  smalt  coae  of 
cast  iron,  having  at  the  bottom  a  grating,  on  which  is  put  the  iiiet  (cbaieoal), 
bniken  into  small  pieces ;  below  tbii  is  a  small  chamber  h,  perforated  at  ita 
sides  for  the  admiuion  of  air,  and  containing  a  small  pan  to  receive  the  ashes, 
and  also  to  light  the  charcoal  b;  a  piece  of  paper ;  the  vessel  e  contains  water, 
which  eutirclj  sumnrnda  the  cone ;  the  next  vesael  #  above  is  intended  to  be 


used  as  a  steamer;  it  has  in  its  centre  a  frustrum  of  a  cone,  the  lower  edges  of 
which  descend  below  the  bottom  of  the  vessels,  and  fit  upon  the  cone  beneath, 
so  as  to  carry  up  the  due  to  the  chamber  above,  which  has  open  perforated 
tides,  whence  the  vapours  produced  by  the  combustion  escape.  On  the  top  of 
the  cone  there  is  a  valve  for  enlarging  or  diminishing  the  aperture,  having  a 
horiiontal  rod  fixed  to  it,  which  passes  to  the  outside  of  the  vessel,  as  shown. 
The  vessel  over  this,  /,  ii,  we  suppose,  a  stew-pan,  or  something  of  the  kind  j 
it  it  heated  by  the  hot  air  and  direct  influence  of  the  fire  ;  above  this  pan  is 

! laced  in  a  cavity  of  the  cover  a  small  pot  for  waiming  small  quantities  of 
iquid.  There  are  several  appendages  or  vessels  for  peculiBr  purposes,  such  aa 
the  boiling  of  eggs,  &c.  which  fit  one  over  another  in  a  similar  manner  to 
those  described.  The  apparatus  is  proposed  to  be  used  on  the  breakfast  or 
dining-table,  to  be  taken  in  a  carriage,  in  a  boat,  or  carried  by  pedestrians. 

Tottr'i  Patent  Cal^actor.  —  Thu  is  another  ingeniously  contrived  little 
cookine  stove,  and  ii  intended  to  meet  many  of  the  wants  of  a  small  family, 
especially  in  the  summer  season,  when  the  amaltest  quantity  of  artificial  beat  ia 
desirable.  The  diagram  In  the  next  page  is  explanatory  of  itl  construction 
and  arrangement  wlen  applied  to  roasting  and  steaming  ;  some  of  the  parts 
in  the  drawing  are  slightly  varied  from  their  real  positions,  for  the  purpoae  of 
elucidation  by  a  single  l^re.  a  is  the  steam  boiler,  which  has  a  large  ellip- 
tical  opening   down  the  centre  tm  depositing  a  variety  of  culinary  vessels 
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flierein ;  b  an  aperture  for  charghig  the  boiler  with  water ;  e  a  stop-cock  for 
drawing  off  the  water  as  may  be  required,  bat  placed  high  in  the  boiler  to 
admit  a  draught  of  air  to  the  grating  if,  on  which  the  charcoal  is  burned ; — the 
grating  is,  ttricUy  speaking,  a  strong  iron  plate,  perforated  all  over  for  the  free 


admission  of  air  through  the  holes ;  /  is  termed  the  ovem  pan^  which  is  ^a  castr 
iron  dish,  suspended  about  half  way  down  the  elliptical  opening ;  ^a  sheet-iron 
cover ;  h  a  pipe  conveying  the  steam  from  the  boiler  a  to  the  steamers  i  and^, 
which  separate  in  the  middle,  and  allow  of  one  or  both  being  used  at  a  time ; 
each  of  these  steamers  may  be  subdivided  into  distinct  compartmento ;  fc,  a 
sliding  damper  for  enlaraing  or  contracting  the  air  passage  d^  so  as  to  increase 
or  diminish  the  combustion  of  the  fiiel,  as  may  best  suit  the  peculiar  culinary 
process.  When  the  aipparaim  is  not  required  for  roasting,  but  for  boiling,  or 
making  soup  or  broth,  the  oven  pan  is  to  be  removed,  and  in  its  place  the 
requirel  vessels  (all  of  which  are  made  to  fit)  are  deposited.  In  some  cases 
the  patentee  adopts  two  haJf-kettles  instead  of  one.  A  current  of  heated  air 
is  constantly  kept  up,  entering  at  the  mting  at  bottom,  and  passing  out  at  the 
grating  above,  where  die  beat  is  reverberated  aeainst  the  top  and  sides  of  the 
cover,  prior  to  its  escape  through  a  small  central  aperture  in  the  latter. 

FIRE-SHIP.  A  small  vessel  filled  with  combustible  matter,  and  employed 
for  the  destruction  of  an  enemy's  shipping  by  being  run  into  the  midst  or  them, 
and  set  on  fire  by  the  crew  before  they  quit  the  vessel. 

FIRE-STONE.  A  coarse  kind  of  free-stone,  obtained  at  Reigate  and  other 
places,  which  is  capable  of  bearing  a  considerable  degree  of  heat,  and  is  there- 
fore used  in  the  construction  of  furnaces,  ovens,  &c.  Its  colour  is  a  pale  grey, 
tinged  with  green,  which  the  fire  changes  to  a  light  red. 

FIRE-WORKS.  As  the  leading;  object  of  this  work  is  utility  and  not  mere 
amusement,  we  shall  but  very  bnefly  notice  the  nature  and  composition  ^ 
artificial  fire-works.  Of  these  the  most  generally  interesting,  firom  the  great 
altitude  of  their  flight,  are  rockets.  They  are  made  by  ramming  into  strong 
cylindrical  paper  cases  (put  into  wooden  moulds  to  support  thern^  powdered 
gunpowder,  or  the  ingredients  of  which  it  is  composed ;  namely,  saltpetre,  sul- 
phur, and  charcoal,  very  dry.  To  represent  a  fiery  rain  falling  finom  tne  rocket, 
mix  among  your  charge  a  composition  of  powdered  glass,  filmgs  of  iron,  and 
sawdust ;  this  shower  is  called  the  peacock's  tail,  on  account  of  the  various 
colours  exhibited.  Camphor  mixed  with  the  charge  produces  white  or  pale 
fire ;  resin,  a  reddish  colour ;  sulphur,  a  blue ;  sal  ammoniac,  a  green ;  anti- 
mony, a  reddish  yeUow ;  ivory  shavings,  a  silvery  white ;  pitch,  a  de^  or  dark 
coloured  fire ;  and  steel  filings,  beautifrd  coiruscations  ana  sparks.  Sticks  are 
fastened  to  the  rockets  for  the  convenience  of  discharging  them,  and  causing 
them  to  pass  through  the  air  like  an  arrow ;  the  resistance  of  the  air  to  the 
rush  of  fire  at  the  end  of  the  rocket  causing  it  to  ascend.  Artificial  fire-works 
differ  from  each  other  verjr  much  in  point  of  simplicity  of  construction.  Some 
require  very  little  dexterity  in  the  preparation,   and  are  either  employed  aa 
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appendages  to  works  of  greater  importance,  or,  if  used  by  themselves,  are  con- 
fiiied  to  the  sports  of  school-hoys.  Of  this  nature  are  squibs,  crackers,  ser- 
pents, stars,  sparks,  maroons,  saucissons,  pin-wheels,  leaders,  Roman  candles, 
&c.  Others  are  venr  complex  in  their  structure,  require  considerable  address 
and  ingenuity,  and  rorm  the  amusement  of  fashionable  circles  on  occauons  of 

Sublic  rejoicmg,  or  private  festivity :  such  are  wheels,  suns,  globes,  pyramids, 
rc^  and  rockets  of  various  kinds.  Those  who  wish  for  precise  instructions  in 
the  preparation  of  these  resplendent  trifles,  we  would  recommend  to  consult 
the  article  Ptrotechnt,  in  the  Ostfcird  Encvchpedia. 

FLAGEOLET.  A  little  flute,  made  of  box  or  other  hard  wood,  with  an 
ivory  mouth-piece,  and  having  six  holes  besides  the  one  at  bottom,  and  one 
behmd  the  neck.  Great  improvements  were  made  in  this  pleasing  instrument 
by  the  late  Mr.  Bainbridge,  who  also  invented  the  double  flageolet,  upon  which 
one  nerson  may  play  duets. 

FLAIL.  An  instrument  for  threshine  com.  It  is  composed  of  two  stafis 
united  at  one  end  of  each  by  strong  double  leathers. 

FLAME.  The  luminous  phenomenon  produced  by  the  combustion  of 
gaseous  substances,  or  under  certain  circumstances  of  a  solid  and  a  gaseous 

FLANNEL.  A  kind  of  loose  woollen  stufl^  composed  of  a  woof  and  warp, 
woven  in  a  loom  with  two  treddles,  in  the  manner  oi  baize. 

FLAX.  A  plant  having  a  slender,  round,  hollow  stalk,  about  two  feet  high ; 
its  bark  is  full  of  filaments,  like  hemp;  the  leaves  are  long,  narrow,  and 
pointed;  it  bears  a  blue  flower,  to  which. succeeds  a  roundish  fruit,  about  the 
size  of  a  pea,  containing  ten  little  seeds,  full  of  an  oily  substance,  or  meal.  There 
are  twen^-five  species,  of  which  the  most  remarkable  are  the  common  annual 
flax,  and  the  perennial  Siberian  flax. 

FLAX  DRESSING.  Before  flax  can  be  converted  into  doth  or  other 
articles,  it  undergoes  certain  preparatory  processes,  constituting  what  is  called 
"  dressing ;"  the  object  of  which  is  to  separate  the  boon,  or  core,  from  the  flax, 
which  is  the  cuticle,  or  bark  of  the  plant,  and  to  straighten  out  the  fibres  for 
the  spinner.  These  operations  are  sometimes  performed  by  hand,  but  at  the 
present  day  more  commonly  by  machinery,  driven  by  steam  or  water  power, 
when  the  flax  is  dressed  by  hand,  the  bark  is  separated  from  the  core  by 
means  of  an  instrument  called  a  ''flax-brake,''  composed  of  three  wooden  tectn 
or  swords,  fastened  longitudinally  on  a  horizontal  bench,  and  of  a  lever,  to  the 
under  side  of  which  are  fixed  similar,  but  rather  smaller  teeth,  which  fit  in 
between  the  interstices  of  the  others.  The  flax  being  held  in  the  left  hand 
across  the  under  swords  of  the  brake,  the  upper  teeth  are  then  with  the  right 
hand  quickly  and  often  forced  down  upon  the  flax,  which  is  artfully  shifted  and 
turned  with  the  left  hand,  in  order  that  it  may  be  fully  and  completely  broken 
in  ite  whole  length.  The  fibres  are  then  straightened  by  means  of  a  kind  of 
comb  called  a  "  hackle,"  whence  the  operation  is  termed  "  hackling."  The 
hackle  is  composed  of  a  number  of  long  teeth  or  spikes,  fixed  firmly  in  a  bench; 
and  the  worxman  striking  the  flax  upon  the  teeth,  draws  it  quickly  through 
them.  To  persons  ^unacquainted  with  this  kind  of  work  it  may  seem  a  very 
simple  kind  of  operation ;  but,  in  fact,  it  requires  as  much  practice  to  hackle 
well  as  any  other  operation  in  the  whole  manufacture  of  linen.  The  workmen 
use  finer,  or  coarser,  and  wider-teethed  hackles,  according  to  the  quality  of  the 
flax ;  generally  putting  the  flax  through  two  hackles,  a  coarser  one  at  first,  and 
then  a  finer  one  in  finishing  it  But  the  hand  methods  of  breaking  and 
seotehing  of  flax  are,  however,  too  tedious  in  their  operation  to  give  satisfaction 
to  the  manu&cturers  in  the  present  advanced  state  of  mechanical  science,  and 
aecordinffly  mills  have  been  constructed  by  which  these  preparatory  onerations 
are  mncn  facflitated.  These  miUs  difier  greatiy  in  their  form,  and  tne  mode 
of  their  operation.  A  very  simple  and  efficient  one  u  described  in  Gray*s 
Eaeperieneed  MUhorighi,  and  is  constructed  as  follows : — Upon  the  main  shaft, 
or  axis  of  a  water-wheel,  is  fixed  a  large  bevilled  wheel,  which  turns  three 
horizontal  fluted  or  tootiied  roUers,  by  means  of  a  pinion  on  the  axis  of  the 
middle  one,  the  upper  and  lower  rollers  being  kept  pressed  against  the  lower 
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one  by  weighted  leven,  and  being  carried  round  by  contact  with  it.  The 
driving-wheel  likewise  gives  motion  to  an  upright  shaft,  by  means  of  a  small 
pinion  fixed  upon  the  foot  of  the  shaft ;  upon  the  upper  part  of  this  shaft  are 
fixed  cross  arms,  to  which  are  attached  scotches^  revolving  within  a  cylindxical 
casing.  The  rough  flax  is  made  up  into  small  parcels^  which  being  introduced 
between  the  middle  and  upper  rollers,  pass  round  the  middle  one,  and  thia, 
either  having  rollers  placea  on  its  offside,  or  being  enclosed  by  a  curved  board, 
turns  the  flax  out  between  the  middle  and  under  rollers,  when  the  flax  is  again 
put  in  between  the  middle  and  upper  one,  and  passes  round  the  same  course  until 
It  be  sufiiciently  broken  or  softened,  and  prepared  for  the  scotching  machine.  The 
scotches,  as  before  stated,  are  inclosed  m  a  cylindrical  casing ;  in  the  periphery 
of  this  casing  are  a  number  of  apertures^  and  at  these  holes  a  handful  of  flaK 
being  held,  uie  revolving  scotches  clear  off  the  refiise. 

FLEAM.  An  instrument  containing  several  lancets,  jointed  so  as  to  shut 
up  into  a  handle  in  the  manner  of  pocket  clasp-knives. 

FLINT.  A  mineral  consisting  of  98  siUcA,  0.50  lime,  0.25  alumina,  0.25 
oxide  of  iron,  1  loss.  The  domestic  use  of  this  stone,  for  producing  light  by 
collision  against  steel,  is  weU  known.  It  is  also  much  used  in  gun-locks  for  firing 
the  powder.  The  manufacture  of  eun-flints  employs  numerous  hands  in  this 
country ;  as  independently  of  the  urge  quanti^  required  for  home  use,  consi- 
derable shipments  of  them  are  made  to  various  parts  of  the  worid,  where  the 
mineral  is  not  supplied  bv  nature.  The  manufacture  of  gun-flints  was  for  a 
long  time  kept  secret ;  and  we  are  indebted  to  M.  Dolimien  for  the  first  pub- 
lished account  of  the  method  practised  in  France,  which  he  has  given  in  the 
Memoire  de  VImtituU  National  de  Seietwei.  The  masses  of  flint  wluch  are  best 
fitted  for  this  purpose,  are  of  a  convex  surface,  approaching  to  globular.  The 
best  flint  nodules  are  generally  firom  two  to  twenty  pounds  weight ;  the 
colour  should  be  uniform  in  the  same  nodule ;  their  transparency  should  be 
sufiicient  to  admit  letters  to  be  dutinguished  through  a  piece  of  the  stone  of  a 
quarter  of  a  line  thick,  laid  close  upon  the  paper.  Their  firacture  should  be 
perfectly  smooth  and  e^ual  throughout,  and  the  fragments  slightly  conoidal. 
The  last  of  these  properties  is  the  most  essential,  since  on  it  depends  the  facility 
with  which  the  nodule  is  divided  into  gun-flints.  All  flints  that  prove  deficient 
in  any  one  of  the  above  characters,  either  naturally  or  by  a  long  exposure  to 
the  air,  are  called  intractible,  and  rejected  by  the  workmen.  There  are  several 
hammers  and  a  chisel  emploved  m  the  operation  of  fashioning  the  flints,  by 
which  means  it  is  said  that  a  clever  workman  is  able  to  manufacture  a  thousand 
flints  in  the  space  of  three  days.  Gun-flints  are  also  manufactured  at  Purfleet 
in  Kent,  and  in  various  other  parts  of  Enffland,  in  a  very  superior  style. 

FLOAT  BOARDS.  Those  boards  which  are  fixed  to  the  rim  or  cireuov- 
ference  of  undershot  water-wheels,  serving  to  receive  the  impulse  of  the  stream, 
by  which  the  mill  is  put  in  motion. 

FLOATING  BODIES,  are  those  bodies  which  swim  on  the  surface  of  a  fluid, 
the  stability,  equilibrium  and  other  circunuitances  of  which  form  an  interesting 
subject  of  mechanical  and  hydrostatical  investigation,  particularly  as  applied  to 
the  construction  and  management  of  ships  and  other  vessels ;  but  as  tne  sub* 
ject  is  one  involving  the  higher  branches  of  calculation,  and  as  it  is  difiicult  to 
obtain  practical  results  which  shall  accord  with  those  obtained  from  theory,  on 
account  of  the  dif&calty  of  estimating  the  amount  of  the  disturbing  forces,  our 
remarks  must  be  brief  and  general* 

The  equilibrium  of  floatine  bodies  is  of  two  kinds;  vis.  stable  or  absolute, 
and  unstable  or  tottering.  In  the  one  case,  if  the  equflibrium  be  deranged, 
the  body  merely  oscillates  about  its  primitive  position,  to  which  it  finally  returns, 
and  this  is  called  firm  or  stable  equilibrium ;  but  in  the  other  state  of  eqni^ 
brium,  if  the  system  be  ever  so  Uttle  deranged,  all  bodies  deviate  more  and 
more,  and  the  system  finally  oversets  and  assumes  a  new  position;  and  this  ia 
called  unstable  or  tottering  e^librium.  The  stability  of  a  floating  body  is 
greater  as  its  centre  of  gravity  is  lower  than  that  of  the  displaced  fluid;  it  is 
for  this  reason  that  the  ballast  b  put  in  the  lower  part  of  vessels  to  prevent  their 
oversetting.    The  nature  of  the  equilibrium  as  to  stability,  depends  on  the 


FLOORING  CRAMP. 


541 


if  gravity,  ^e  equilibrium  it 
toUering ;  when  the  meta-centre  coincide!  with  the  centre  of  gravity,  the  body 
will  remain  st  re>t  in  uiy  poiition  it  is  placed  in ;  when  the  metB-cmtre  ii 
■boTe  the  centre  of  grsTitj,  the  body  will  alwayi  have  a  tendency  to  recover 
its  ori^nel  poaition,  and  the  equilibrium  will  beitable. 

FLOORING  CRAMP.  A  machine  invented  by  Mr.  Andrew  Smith,  for 
laying  down  floors,  <a  aa  to  make  very  tisht  and  close  jointi  with  great  facili^. 
Tne  annexed  engraving  shows  a  perspective  view  of  the  machine  at  in  opera- 
tion, by  which  its  construction  and  the  mode  of  using  it  are  both  mado 
apparent,  a  is  a  lever  of  the  second  class,  about  2  feet  6  inche*  long,  with  • 
handle  at  the  upper  end,  and  forked  at  the  lower  so  as  to  be  attached  to  two  of 
the  opposite  tides  of  a  block  of  east  iron  b,  by  bolts  at  e.  The  block  A  it  about 
0  inches  square,  and  3  deep,  with  a  large  groove  capable  of  being  increased  or 
diminished  in  its  depth  for  the  reception  of  joists  of  difierent  sixes.  For  this 
purpose,  it  hm  on  one  side  a  thifltng  loose  cleat  or  plate  e,  kept  in  iti  place  by 
stout  pint ;  and  on  the  other  end,  on  the  other  tide  of  the  jois^  there  is  another 


or_ armed  with  short  projecting  teeth,  that  fix  thewaetvei  into  the  wood,  and 
gripe  it  very  fast;  y  u  a  movable  piece  of  cast  iron,  made  lo  press  against  the 
edge  of  the  flooring  board,  with  its  broadest  side ;  the  two  other  sides  or  parta 
of  this  piece  are  itout  square  bara,  at  right  angles  *ith  the  other,  which  are 


a  part  of  their  breadth  in  shallow  groovea,  ( 


1  each  tide  of  the 
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block  h,  and  lenre  to  guide  the  fonner  in  its  action.  It  will  be  obeenred  that  the 
two  forks  of  the  lever  a  pass  through  the  tide  bars  of  o,  which  therefore  givee  it 
motion.  To  use  this  machine,  it  is  put  upon  the  joist,  and  pushed  up  to  the 
board  laid  down ;  a  slight  Uow  upon  the  wedge  / fixes  it  finnly  to  its  place; 
the  hsndle  of  the  lever  is  then  pulled  by  the  workman  towards  the  boards^ 
causing  the  sliding  piece  g  to  press  the  edges  of  tiie  boards  together  with  as 
much  force  as  to  render  their  junction  imperceptible;  the  stay  A  is  jointed 
loosely  to  the  back  of  the  lever  a,  and  following  the  motion  of  the  lever,  the 
jagged  end  of  its  lower  extremity  sticks  into  the  joist,  holds  the  lever  in  the 
position  it  was  drawn,  and  preserves  the  pressure  against  the  board,  while  it  is 
nailed  down  by  the  workman.  To  remove  the  cramp,  all  that  u  necessary  is 
to  strike  tiie  wedge  on  the  opposite  side,  which  loosens  the  whole,  when  it  is 
drawn  back  to  take  the  next  board,  which  is  operated  upon  in  a  simflar  manner. 

FLOORING  MACHINE.  A  machine  invented  by  Mr.  Mmr,  of  Glasgow, 
the  object  of  which  is  the  preparation  of  complete  flooring  boards  with  extrar 
ordinary  dispatch,  and  in  the  most  perfect  manner ;  the  sevoal  operations  of  saw- 
ing, planing,  grooving  and  tonmiemff,  beinff  all  carried  on  at  tne  same  instant, 
by  a  series  of  saws,  panes,  and  revuving  enisels. 

The  figure  in  the  next  page  represents  a  plan  of  the  machine,  il^tly  modified, 
to  render  the  construction  more  easily  understood  by  the  reader.  The  machinery 
is  adapted  for  the  simple  planmg  of  boards,  as  well  as  the  preparation  of  mpnort 
jomiea  or  jpkm  jokUed  Jloormg.  We  shall  commence  our  description  by  an 
account  of  those  parts  which  constitute  a  simple  planing  machine,  and  then 
proceed  to  describe  the  apparatus  bv  which  it  is  adapted  to  the  preparation  of 
jointed  flooring.  The  planing  machine  consists  of  a  perfectiy  flat  and  straight 
bench,  ddd,  which  should  be  at  least  twice  as  long  as  any  board  intended  to  be 
prepared  upon  it.  This  bench  is  made  fast  to  a  block  of  stone  c  r  or  other 
solid  matter,  which,  together  with  a  suitable  framing,  serves  to  keep  tiie  whole 
machinery  as  firm  and  steady  as  possible.  Along  one  side  of  this  bench  is  a 
ridsed  gude  e  f ,  which  extends  as  far  as  the  drralar  saws  t  i,  but  only  a  part 
of  it  is  shown  in  the  figure,  in  order  to  bring  some  of  tiie  other  arrangements 
more  into  view.  About  the  middle  of  the  bench  a  metallic  plate  a  a  is  let  in 
flush  with  its  surface,  which  forms  a  durable  stock  for  the  plane  irons ;  these 
plane  irons  are  of  the  usual  form,  but  of  neater  breadth  than  the  boards  to  be 
planed.  The  projection  of  their  cutting  e^e  is  effected  and  regulated  by  screws, 
and  the  number  of  plane  irons  employed  at  a  time  is  determined  by  tiie  degree 
of  finish  required  for  the  surface  of  the  boards;  tiiree  plane  irons  aro  however 
generally  used,  as  shown  at  A  A  A,  the  dark  spaces  being  the  mouths  of  the 
planes :  from  tins  it  will  be  seen  that  it  is  the  lower  side  of  the  board  that  is 
planed,  and  the  shavings  are  delivered  under  the  machine.  An  endless  pitched 
chain,  having  catch  hooks  at  convenient  distances,  takes  hold  of  the  boards  as 
they  are  put  mto  the  machine  in  succession,  and  drags  them  along  the  bendi ; 
the  edge  of  one  of  the  sides  of  each  board  passing  under  a  rebate  in  the  euide 
or  fence  (as  shown  in  the  fissure)  prevents  the  board  firom  bending  upwards  by 
the  action  of  the  chain,  whue  it  is  pressed  down  to  the  jdane  irons  by  springs 
or  weighted  levers,  as  seen  at  b  b,  wnich  are  mounted  upon  antifriction  rollers, 
the  axles  of  which  are  so  inclined  as  to  cause  the  boards  to  be  uniforiply 
driven  asainst  the  fence,  and  to  pass  in  a  straiffht  line  through  the  machine. 
Motion  IS  given  by  a  buid  from  a  laree  revolving  drum,  placed  above  the 
machine,  (not  shown  in  the  figure,)  which  communicates  with  the  drum  ii,  upon 
the  shaft  of  which  is  a  pinion,  that  drives  the  toothed  wheel  j ;  the  axis  of 
the  latter  carries  the  pitched  rigffer  <,  round  which  the  endless  chain  is  passed, 
and  stretched  in  a  parallel  direction  with  the  bench,  by  passing  over  the  pulley 
X,  at  the  opposite  end  of  the  machine ;  at  this  place  only  a  small  piece  of  the 
chain  is  brought  into  view,  as  the  introduction  of  the  whole  of  it  would  hide  or 
tend  to  confuse  some  of  the  other  parts  of  the  apparatus.  The  pulley  a  is 
mounted  upon  a  tightening  fhime,  y,  which  moves  upon  a  joint  at  the  lower 
end,  the  tension  bemg  increased  or  lessened  by  the  wedges  1  1,  or  by  regulating 
screws.  The  parts  we  have  thus  described  constitute  a  separate  machine  for  the 
planing  only  of  boards.    For  the  proparation  of  plain  or  square-jointed  flooriqp 
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ha  ftJIowiiiK  *dditi(M»l  •ppantoi  U  fannuht  int 

)  (  ii  ilkhtiy  hollowed  mnn  the  direct  Une  of 

g  inaquiiitiei  in  the  edge*  of  the  boacdi;  then 

on  B  horimntal  ravolniig  pUte  /  the  peripherjr  of  which  eoten 
n  the  finice  <;  and  it  Ii  on  the  edge  of  the  board  preeented  to  this 


D.    Apart<f 
le  of  the  bench,  to  a£iiit  of 
projectitig  inaqualitiei  in  the  edge*  of  the  boacdi;  then  are  removed  bj  iioni  ot 
"'   n  ^ed  on  a  horimntal  tt     '  '         >  -     '  ->  ■  ■  . .  ■  ■  . 


produce  thu  effect  two  drculariawi,^  and  A,  are  and,  01 

under  the  board,  and  cote  it  upward ;  the  other,  A,  revolvn  aborc  tbe  M 
cnl>  it  downwardi,  to  inch  a  depth  onlj  on  each  aide  ai  to  leava  a  tongue  or 
feather  of  the  required  thicknen  uncut  By  the  pnwretnve  motion  of  the 
board  it  next  pane*  under  the  operatioQ  of  two  areiuar  nw«  i.  one  only  of 
whid  can  be  teen,  ai  the  other  ii  directlj  undameatb  oi 


■nperflooui  wood,  and  leave  the  tongue  pngecting  from  the  board  completely 
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formed.  The  opponte  edge  of  the  board  is  cut  paraUel  to  the  other  by  a  circuhtf 
saw  k  revolving  vertically,  which  is  called  the  *'  hreadthmg  "  saw ;  a  guide  fixed  to 
the  head  of  o,  which  supports  the  spindle  of  this  saw  (but  which  cannot  be  seen 
in  the  figure),  is  so  placra  as  to  conduct  the  superfluous  pieces,  separated  from 
the  boards  by  the  saw  ky  underneath  the  circular  saw  / ;  the  shps  are  thus 
removed  out  of  the  way  of  the  latter  saw  and  preserved.    The  saw  /  revolves 
horizontally,  and  is  called  the  '<  grooving  saw ;"  it  is  considerably  thicker  than 
ordinary  circular  saws,  and  has  long  teeth  to  admit  of  their  receiving  a  "  set" 
to  cut  out  the  whole  of  the  requwed  groove  at  one  operation,     ^e  spindle 
head  which  carries  the  grooving  saw  is  adjusted  and  fixed  by  screws  to  a 
bracket  attached  to  the  head  o,  the  latter  being  placed  in  slides,  which  keep  it 
steady,  and  conduct  it  in  a  parallel  direction  when  moved  to  or  from  the  bench. 
All  the  parts  that  operate  on  this  edge  of  the  board  being  thus  connected, 
advance  or  recede  together.    This  movement  is  efiTected  by  means  of  a  screw 
fitted  with  collars  to  the  fixed  puppet  3,  and  working  in  a  nut  in  the  back  part 
of  the  head  o;  the  screw  is  tumea  by  the  handle  fi,  and  an  index  on  the  head 
o  points  out  the  relative  position  of  the  circular  saw  k  with  respect  to  the  other 
side  of  the  machine,  and  consequentlv  indicates  tlie  various  breadths  of  the 
finished  boards  by  pointing  to  a  divided  scale  of  inches  and  parts  fixed  upon 
the  block  c.     AH  the  saws  are  fixed  on  to  the  spindles  in  the  ordinary  way,  by 
screws,  nuts,  and  washers ;   but  the  spindles  are  considerably  thicker  than 
usual,  to  admit  of  their  being  fitted  with  cutters  or  irons,  which,  by  cutting 
horixontally,  rebate  the  superfluous  thickness  of  the  board  to  a  sufficient  extent, 
from  that  part  which  is  destined  to  form  the  under  side  of  the  floor  in  all  floor- 
ing boards.    The  heads,  which  carry  the  vertical  saws  ^  A,  are  placed  on  slides 
fixed  to  the  block  eee^  their  horizontal  position  being  adjusted  by  regulatine 
screws,  worked  by  the  handles/)  and  r,  and  their  spindles  elevated  or  depressed 
by  proper  adjusting  screws.     Motion  is  communicated  by  endless  bands  from 
a  large  drum  whed  above  the  machine,  such  bands  embracing  all  the  vertical 
saw  pulleys,  and  also  the  rigger  or  pulley  w  of  the  intermediate  shaft  vw;  and 
this  mtermediate  shaft,  by  means  of  half  crossed  or  twisted  bands  4  4,  gives 
motion  to  the  horizontal  saws  t  and  /.    The  circular  plate  or  plane /is  also 
impelled  by  another  half  twisted  band  5,  from  a  pulley  6,  on  the  axis  of  the  saw 
g.     The  power  which  impels  the  whole  machine  is  derived  from  a  steam 
enffine  or  other  prime  mover  applied  to  the  shaft  of  the  large  drum  wheel 
bemre  mentioned.    Several  of  these  machines  have  been  for  some  time  past 
in  constant  use ;  one  of  which,  at  Pimlico,  we  have  often  witnessed  the  suc- 
cessful operation  of. 

FLOUR.  The  fine  particles  of  grain,  usually  obtained  by  grinding  in  a  mill. 
See  Farina,  Corn,  and  Mills. 

FLUID.  A  body  whose  parts  yield  to  the  slightest  force  when  impressed, 
and  by  yielding,  are  easily  moved  against  each  otner.  Fluids  are  divided  into 
elastic  and  non-tUuUc.  Elastic  fluids  are  those  which  may  be  compressed  into 
an  exceeding  small  compass,  but  which,  on  removing  the  compressing  force, 
resume  their  former  dimensions ;  and  these  are  distiuffuished  as  airs  or  gases. 
Non-elastic  fluids  are  those  which  occupy  the  same  bulk  under  all  pressures, 
or  if  compressible,  it  is  only  in  a  very  slight  degree,  as  water,  ofl,  &c.,  and  these 
are  denominated  liquids,  except  in  the  case  of  metals  in  fusion.  The  physical 
nature,  laws,  and  ettects,  of  non-elastic  fluids  at  rest,  constitute  the  science  of 
Hydrostatics,  and  when  in  motion,  of  the  science  of  Hydraulics,  or  Hydro- 
dynamics ;  those  that  relate  to  elastic  fluids  appertain  to  rneumatics. 
FLUOR  SPAR.    The  native  fluate  of  lime. 

FLUORIC  ACID.  The  name  given  to  an  undecomposed  substance,  which, 
combined  with  lime,  constitutes  the  fluor  spar.  Fluoric  acid  may  be  obtained 
by  putting  a  quantity  of  the  spar  in  powder  into  a  leaden  retort,  pouring  over 
it  an  equal  Quantity  of  sulphuric  acid,  and  then  applying  a  gentle  heat ;  a  gas 
ensues,  which  may  be  received  in  the  usual  manner  in  jars,  standing  over  mer- 
cury. This  eas  is  the  fluoric  acid,  which  may  be  obtamed,  dissolved  in  water, 
by  luting  to  the  retort  a  receiver  containing  that  fluid.  The  distillation  is  to 
be  conducted  with  a  very  moderate  heat,  to  allow  the  gas  to  condense,  and  to 
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prevent  the  fiuor  itself  from  subliming.  The  properties  of  thu  apid  are,  that, 
as  a  gas,  it  is  invisible  and  elastic  like  air ;  but  it  will  not  maintain  combustion, 
nor  can  animals  breathe  it  without  death.  In  smell  it  is  pungent,  something 
similar  to  muriatic  acid.  It  is  heavier  than  common  air,  and  corrodes  the  skin. 
When  water  is  admitted  in  contact  with  this  gas,  it  absorbs  it  rapidly ;  and  if 
the  gas  be  obtained  bv  means  of  glass  vessels,  it  deposits,  at  the  same  time,  a 
j[uantity  of  silica.  Water  absorbs  a  larp^e  portion  of  this  gas ;  and  in  that  state 
it  is  usually  called  Buoric  acid  by  chemists.  It  is  then  heavier  than  water,  has 
an  acid  taste,  reddens  vegetable  blues,  and  has  the  property  of  not  congealing 
till  cooled  down  to  23^.  Thepure  acid  may  be  obtained  again  from  the  com- 
pound by  means  of  heat  Fluoric  acid  gas  does  not  act  upon  any  of  the 
metals ;  but  liquid  fluoric  acid  is  capable  of  oxyding  iron,  sine,  copper,  and 
arsenic.  It  does  not  act  upon  the  precious  metau,  nor  upon  platina,  mercury, 
lead,  tin,  antimonv,  cobalt  It  combines  with  alkalies,  earuis,  and  metalhc 
oxides,  and,  with  them,  forms  salts  denominated  fluates,  of  which  the  true  fluor, 
Derbyshire  spar,  or  fluate  of  lime,  consists  of— 

Lime   .' 57 

Fluoric  acid 16 

Water 27 
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The  most  remarkable  property  is  that  already  alluded  to,  viz.  the  facility  with 

which  it  corrodes  elass  and  siliceous  bodies,  especially  when  hot,  and  the  care 

with  which  it  hol£  silica  in  solution,  even  when  in  a  state  of  gas.  This  affinity 

for  silica  is  so  great  that  the  thickest  glass  vessels  can  withstand  its  action  only 

a  short  time.    With  respect  to  the  nature  of  the  substance  usually  termed 

fluoric  acid,  it  has  not  yet  been  determined  experimentally  whether  it  be  really 

a  compound  of  some  unknown  base  with  either  oxygen  or  hvdrogen,  or  whether 

It  be  a  simplo  iafaitance  like  chlorine.    Dr.  Thompson  inclines  to  the  opinion 

that  it  is  a  compound  of  an  unknown  radical  with  hydrogen,  and  not  with 

oxygen ;  but  Sir  H.  Davy  made  several  attempts  to  separate  its  hydrogen,  but 

without  success,  although  he  applied  the  power  of  the  great  voltaic  batteries  of 

,  the  Rojral  Institution  to  the  liquid  fluoric  acid ;  neither  could  he  decompose  it  by 

pissing  it  with  chlorine  throueh  a  platina  tube  heated  red  hot,  nor  by  distilling 

It  from  salts  containing  abundance,  of  chlorine  or  of  oxygen.    Dr.  Ure  there< 

fore  observes,  that  by  the  strict  rules  of  chemical  logic,  fluorio  add  ought  to  be 

regarded  as  a  simple  body,  for  we  have  no  evidence  of  its  having  ever  been 

decomposed ;  and  nothing  but  its  analogy  with  the  other  acid  bodies  has  given 

rise  to  the  assumption  of  its  being  a  compound. 

FLUORINE.  The  imaginary  radical  of  the  above  acid. 
FLUTE.  One  of  the  simplest  musical  instruments  of  the  wind  kind.  It  is 
played  with  a  mouth-piece  at  the  end,  and  the  notes  are  changed  by  opening 
or  stopping  the  holes  ranged  along  the  side.  The  German  flute  differs  from 
the  former,  the  end  not  being  put  into  the  mouth,  but  closed  by  a  plus,  and 
the  lower  lip  being  applied  to  a  hole  about  three  inches  from  that  end.  As 
usually  constructed,  tnis  instrument  has  six  open  holes,  and  a  seventh  hole 
closed  by  a  key,  as  in  hautboys,  bassoons,  &c. ;  but  numerous  improvements 
have  been  made  in  them,  and  they  are  now  fre€|uently  made  with  eight  or  even 
ten  keys,  by  which  the  fingering  of  many  musical  passages  is  much  facilitated. 
FLUX.  A  general  term  used  to  denote  any  substance  or  mixture  added  to 
assist  the  fusion  of  minerals.  In  the  large  wav,  limestone  and  fusible  spar  are 
used  as  fluxes.  The  fluxes  made  use  of  in  philosophical  experiments  consist 
usually  of  alkalies,  which  render  earthy  mixtures  fusible  by  converting  them 
into  glass,  or  else  glass  itself  into  powder.  Alkaline  fluxes  are  either  the  crude 
flux,  Uie  white  flux,  or  the  black  dux.  Crude  flux  is  a  mixture  of  nitre  and 
tartar,  which  is  put  into  the  crucible  along  with  the  metal  intended  to  be  fused. 
White  flux  is  fiSrmed  by  projecting  equal  parts  of  a  mixture  of  nitre  and  tartar, 
by  moderate  proportions  at  a  time,  into  a  red  hot  crucible.  In  the  detonation 
which  ensues,  the  nitric  acid  is  decomposed  and  flies  off  with  the  tartaric  acid. 
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•ad  liie  nqiaindfr  conaiits  of  ihe  potaah  in  a  state  of  ooniidenUe  putity. 
Black  IIbx  comiita  of  two  pcrti  of  tartar  to  one  <^  nitre,  on  which  account  the 
combttition  is  incomplete,  and  a  ooniideraUe  portion  of  the  tartaric  acid  ie 
decomnoeed  hy  meie  neat,  and  leaTCi  behind  a  quantity  of  diarcoal,  on  which 
the  coKMur  denendi.  It  is  used  in  the  reduction  of  metallic  ««%  which  it 
cfi^cts  by  combining  with  the  os^j^gen  of  the  oxideb  Mowean's  reducing  flux 
is  made  of  dght  parts  of  pulTeriied  glass,  one  of  ealemed  borax,  and  half 
a  part  of  chanoal.  Care  must  be  taken  to  use  aglass  which  contains  no  lead. 
JPLY,  in  Mechanics,  a  wheel  with  a  heaver  rim,  placed  on  the  shaft  of  any 
machinenr  put  in  motion  by  any  irregular  or  intermitting  ibite,  fiw  the  yarooae 
of  rendenng  the  motion  equable  and  regular  by  means  <^its  momentum.  This 
efiect  results  fbom  a  law  of  nature,  that  all  bodies  have  a  tendency  to  continue 
in  their  state  either  of  motion  or  of  rest,  until  acted  upon  by  some  extraneous 
force.  Thus  the  rim  of  a  fly-wheel,  after  a  few  rerolutions,  acquires  a 
momentum  suiBcient  to  cause  it  to  rcTolve  with  a  veloci^  depending  upon  the 
resistance  of  the  machinery ;  and  the  alimentations  and  duninutions  of  the 
impelling  power  succeeding  each  other  rapidly,'  neither  cause  acts  sufficiently 
long  to  either  augment  or  diminish  the  velocity  acquired  in  any  considerable 
degree,  so  that  it  remains  equable,  or  nearly  so.  Thus  in  the  case  of  a  man 
working  at  a  winch,  the  power  which  he  exerts  in  pulling  upwards  fnm  the 
lower  ^urt  considerably  exceeds  his  power  in  thrusting  forwards  in  the  upper 
quarter;  but  before  the  extra  fetoe  tnus  exerted  has  acted  sufficiently  Unut  to 
cnange  the  Teloci^  of  the  wheel,  the  winch  arriyes  at  the  point  where  his  raree 
is  the  least,  by  wmch  time  the  excessive  force  previously  exerted  having  ti^en 
effect,  the  equable  motion  of  the  fly  is  maintainea;  and  the  resistance  of  the  work 
being  equalled,  a  man  is  enabled  to  raise  throughout  a  whole  day  a  weight  of 
forty  pounds  widi  more  ease  than  he  could  raise  thirt|r  pounds  without  a  fly.  In 
all  cases  where  a  rotatory  motion  is  to  be  obtained  from  a  reciprocating  one,  by 
means  <^  a  crank,  a  fly-wheel  is  necessary  to  continue  the  motion  at  moee  two 
points  of  the  revolution  in  which  the  crank  lies  in  the  direction  in  which  the 
moving  force  acts ;  for  in  this  case  the  crank  affinrds  no  leverage  to  the  power 
either  on  one  or  other  side  of  the  fulerum,  and  consequently  no  motion  could 
be  produced  in  either  direction ;  but  the  momentum  acquired  by  the  fly  uzges 
the  crank  forward  in  the  direction  in  which  it  was  preidottaly  moving,  and  con- 
tinues the  rotation  until  the  erank  is  brous|ht  into  such  a  position  as  to  oflfer 
sufficient  leverage  to  the  power  to  maintain  the  impetus  of  the  fly. 

FOCUS,  in  Optici^  a  jpoint  wherein  several  rays  concur  or  are  collected^ 
after  having  undergone  either  reflection  or  refiaction.  The  point  ii  thus  deno- 
minated because  die  rays  being  here  brought  together  and  united,  their  j(nnt 
^ect  is  sufficient  to  bum  bodies  exposed  to  their  action ;  and  hence  this  point 
is  called  the  focus,  or  burning  point 

FOIL,  among  jewellers,  a  thin  leaf  of  metal  placed  under  a  predoos  stone, 
in  order  to  increase  its  brilliancy,  or  give  it  an  agreeable  and  different  colour. 
These  foils  are  made  of  either  copper,  gold,  or  gold  and  sflver  together ;  the 
copper  foils  are  commonly  known  by  ihm  name  of  Nurembeig,  or  German  foila. 
They  are  prepared  as  folbws : — Procure  the  thinnest  copper  ^ates  you  can  get; 
beat  these  plates  gently  upon  a  well  polished  anvil  with  a  polished  hammer,  as 
thin  as  possible ;  and  plaong  them  Mtween  two  iron  plates  as  thin  as  writing 
paper,  heat  them  in  the  fire ;  then  boil  the  foils  in  a  pipkin,  with  equal  quan- 
tities of  tartar  and  salt,  constantly  stirring  them,  till  by  boiling  they  become 
white ;  after  which,  taking  them  out  and  drying  them,  give  them  another 
hammering,  till  they  are  made  fit  for  your  purpose ;  however,  care  must  be 
taken  not  to  give  the  foils  too  much  heat,  for  fear  of  melting,  nor  must  thejr  be 
too  long  boilMl,  for  fear  of  attracting  too  much  salt  The  manner  of  polishing 
is  as  foUows : — ^Take  a  plate  of  the  best  copper,  one  foot  long  and  about  five  or 
six  inches  wide,  polished  to  the  greatest  perrection ;  bend  this  to  a  long  convex, 
fasten  it  upon  a  naif  roD,  and  fix  it  to  a  oench  or  table ;  then  take  some  chalk, 
washed  as  dean  as  possible  and  filtered  through  a  fine  linen  doth,  till  it  is  as 
fine  as  you  can  make  it ;  and  having  laid  some  on  the  roll,  and  wetted  the 
copper  all  over,  lay  your  foils  upon  it,  and  with  a  polishing  stone  and  the  chalk. 
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poliflh  your  foils  till  they  are  as  bright  as  a  looking  glais :   after  which  they 
miut  be  dried,  and  laid  up  secure  from  the  dust 

FOOT.  A  measure  of  len^,  consisting  of  twelve  inches,  each  inch  being 
three  barley  corns,  or  twelve  Imes.  The  square  foot  is  a  measure  for  surfaces, 
being  a  square  of  which  each  side  is  12  mches ;  consequently  a  square  foot 
contains  144  inches.  The  cubic  foot  is  a  measure  for  capacity,  or  solid 
contents;  it  is  a  foot  in  length,  in  breadth,  and  in  depth  or  thickness,  and 
contains  1728  cubic  inches. 

FORCE  is  the  name  applied  in  Mechanics  to  whatever  produces  motion  or 
pressure.  Thus  we  have  the  forces  of  gravity  and  of  elasticity,  muscular 
rotce,  and  that  of  electricity  and  magnetism.  These  will  be  considered 
under  the  head  Prime  Movers  ;  at  present  we  shall  confine  ourselves  to  the 
general  laws  to  which  the  application  of  force  is  subject  When  a  force  is 
applied  suddenly  to  a  body,  and  immediately  ceases  to  act  upon  it,  it  is  called 
an  impulsive  force ;  but  when  its  action  is  continued  so  as  to  produce  a  con- 
stantly increasing  motion  or  pressure,  it  is  termed  a  constant  or  accelerating 
force.  Examples  of  the  first  Kind  are  seen  in  the  blow  with  a  hammer,  and  in 
the  discharge  of  a  gun ;  and  of  the  second,  in  the  action  of  gravity  and  in 
the  motion  of  the  wind.  Imnulsive  forces  produce  uniform  velocities.  Thus, 
if  a  billiard  ball  be  struck,  and  move  along  a  smooth  table,  so  that  the  resistance 
arising  from  friction  may  be  small,  it  will  be  observed  to  pass  over  equal  spaces 
in  eqiud  successive  porUons  of  time ;  or,  in  other  words,  if  the  ball  pass  over 
1  foot  in  a  second,  it  will  pass  over  2  feet  in  two  seconds,  3  feet  in  three 
seconds,  and  so  on.  Constant  forces  produce  accelerated  velocities.  Thus,  if  a 
certain  force,  as  that  of  gravitv,  act  upon  a  body  so  as  to  impel  it  through  16 
feet  in  one  second  of  time,  in  the  next  second  it  would  pass  through  three  times 
sixteen,  or  48  feet;  in  the  third  second  through  five  tmies  sixteen,  or  80  feet, 
and  so  on,  the  constant  addition  being  32  feet,  which  is  the  velocity  acquired 
at  the  end  of  the  first  second  of  time.  Now  if  a  force  produce  an  uniform 
increase  of  velocity,  as  in  this  case,  it  is  called  an  uniformly  accelerating  force ; 
or  if  it  produce  a  regular  diminution  of  velocity,  it  is  a  uniformly  retarding 
force.  If,  however,  toe  increase  or  decrease  of  velocity  be  not  constantly  the 
same,  it  is  caused  by  a  wariabU  accelerating  or  retarding  force.  In  the  applir* 
cation  of  forces,  the  chief  considerations  are  intensity  and  direction.  If  a 
single  force  act  upon  a  body,  motion  necessarilv  results  m  the  direction  in  which 
tiie  force  acts,  and  with  a  velocity  proportional  to  its  intensity.  If  two  or  more 
forces  are  employed,  motion  may  or' may  not  result,  aeeordinff  to  the  intensity 
and  direction  of  the  force.  If  two  equal  forces  mplied  to  the  same  point  act 
in  opposite  directions,  they  mutually  annihilate  eacu  other ;  if,  however,  they 
act  m  the  same  direction,  they  produce  the  same  effect  as  a  single  one  equal  in 
intensity  to  the  sum  of  the  two.  Or,  if  they  act  in  d^erent  directions,  forming, 
an  angle  with  each  other,  a  third  force  may  be  assigned,  which  shall  be  equir 
valent  to  the  other  two.  In  this  case  the  two  forces  are  called  the  components, 
and  the  third,  the  resultant  The  process  for  finding  the  resultant  of  two  or 
more  forces  is  called  the  cosuyosj^Jon  cf  forces,  and  die  finding  of  two  or  more 
forces,  which  shall  be  eq^uivalent  to  a  single  given  fbrcw^  is  termed  the  resolution 
of  forces.  The  propositions  connected  with  this  sul^ect  form  a  highly  inte- 
resting and  important  branch  of  tlie  science  of  mechanics.  In  the  annexed  cut 
let  the  line  A  B  represent  the  intensity  and  direction  of 
one  force,  and  A  C  the  intensity  and  direction  of  the 
other  force.  Complete  the  paraUelosram  A  B  D  C,  and 
the  diagonal  A  D  will  represent  the  mtensitv  and  direo- 
tion  of  the  resultant;  t.  e.  a  force  eoual  to  A  D,  and,  in 
the  direction  D  A,  would  counterbalance  the  odier  two, 
and  keep  the  noint  A  at  rest  The  same  may  perhaps 
be  more  clearly  apprehended  by  considerinff  the  point 
A  in  motion ;  let  a  force  act  upon  A  so  as,  if  alone,  to  drive  it  to  the  point  B  in 
one  second,  and  at  the  same  instant  let  a  force  act  in  ^e  direction  A  C,  that 
would,  if  unopposed,  carry  it  to  C  in  the  same  time ;  then  if  the  two  forces  act 
together,  the  resulting  motion  will  be  in  the  line  A  D,  and  the  body  will  reach 
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the  point  D  in  the  same  time  that  it  would  have  taken  to  reach  Bor  C  by  the  actkm 
of  either  of  the  forces  singly.  In  the  composition  of  forces  it  will  be  seen  that  we 
are  limited  to  one  resultant ;  but  in  the  resolution  of  force  we  may  have  an  infinite 
number  of  components,  any  pair  of  which  will  be  equivalent  to  the  given  force. 
Thus  let  a  force,  represented  by  the  line  A  B,  be  _ 

resolved  into  two  others  by  drawing  two  parallelo- 
grams around  it,  it  will  be  manifest  that  the  com- 
ponent forces  may  be  either  A  C  and  A  £,  or  A  D 
and  A  F ;  and  as  an  infinite  number  of  directions 
may  be  given  to  the  lines  A  C,  A  £,  the  number  of 
components  is  also  unlimited.  In  general,  however, 
the  required  direction  and  intensity  of  one  of  the 
forces  IS  given,  and  this  detenmnes  the  other. 
Suppoae  a  man  were  required  to  raise  a  weight  over 
a  puUey,  and  the  ropes,  mstead  of  being  parallel,  are 
in  the  directions  A  B  A  D,  it  wiU"  be  evident  that  a 
part  of  his  strength  is  employed  uselessly  in  pulling 
noriiontally.  Let  B  D  represent  the  force  necessary 
to  sustain  the  weight  B;  resolve  this  into  the  two 
B  C,  B  D,  the  one  perpendicular,  and  the  other  parallel 
to  the  horixon,  it  wul  then  be  seen  that  the  force 
which  b  emdioved  in  raising  the  body,  is  equal  to 
B  C,  and  as  this  is  less  than  B  D,  the  weight  must  &11, 
or  Uie  power  be  increased  in  the  ratio  of  B  C  to  B  D. 
If  three  forces  are  employed,  they  mav  also  be  deter- 
mined by  drawing  tnree  Ihies  parallel  to  their  directions,  so  as  to  form  a 
tiians;ie.  The  three  cords  A  D,  B  D,  C  D,  will  be  kepi  at  rest,  when  the  three 
weights  at  A  B  C  are  proportional  to  the 
three  lines  D  £,  D  F,  and  £  F,  either  of 
which  may  be  considered  as  the  resultant  of 
the  other  two.  If  a  number  of  forces  act 
upon  a  body,  and  a  single  resultant  be  re- 
quired, it  may  be  found  by  finding  the 
resultant  of  one  pair,  and  connecting  this 
with  another ;  then  fii&d  the  resultant  of  this 
pair  and  connect  it  with  the  next,  and  so  on, 
till  the  last  is  obtained,  which  is  dke  common 
resultant  of  the  whole.  Numerous  examples 
are  daily  presented  of  the  composition  of 
forces.  When  a  boat  is  rowed  across  a  river 
in  which  there  is  a  rapid  current^  it  will  not 
pass  directly  across,  nor  down  the  stream, 

out  will  partake  of  both  directions,  proceeding  in  a  directioQ  intermediatelv 
between  the  acting  forces.  A  bodv  faUing  from  the  topmast  of  a  vessel  in  full 
sail  will  not  fall  directly  downward,  for  having  a  direction  forward  given  by  the 
motion  of  the  vessel,  and  a  downward  direction  by  gravity,  it  will  take  a 
middle  course,  describing  what  is  termed  a  parabolic  curve.  The  tide  and 
wind  acting  together  upon  a  vessel,  the  two  oars  of  a  boat  in  rowing,  the 
motion  of  a  stone,  an  arrow,'^  or  a  cannon  ball  through  the  air,  are  examples  of 
the  same  kind.  Another  instance  of  a  resultant  motion  may  be  adduced,  in 
the  reflection  of  elastic  bodies  horn  a  smooth 
surface.  Let  A  B  be  a  smooth  flat  surfiuse, 
and  let  an  elastic  ball  strike  it  in  the  direc- 
tion C  D,  then  will  it  be  reflected  in  the 
direction  D  £,  making  the  angle  of  reflection 
£  D  F  equal  to  the  angle  of  incidence  CDF. 
If  C  p  represent  the  force  of  the  ball  in  the 
direction  C  D,  it  may  be  resolved  into  two, 
which  are  proportional  to  C  F  and  C  B.  ^The 
force  C  F  oeing  parallel  to  the  plane  A  B,  is  not  influenced  by  it,  but  C  D  being 
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mrpendieular,  Ii  dcrtroyed,  ud  a  motiMi  impreiaed  in  tbe  dii«etloD  D  F.  The 
Dody  i(  itUI  then  ander  the  in£uence  of  two  force*,  it*  retained  velocity  in  die 
direction  D  A,  and,  the  impreued  force  produced  bj  the  reaction  of  the  board 
in  the  direction  D  F.  Between  these  two  the  bail  neceuarily  moves  in  the  line 
D  E.  An  application  of  thii  problem  wUl  account  for  the  motion  of  billiard 
balla,  and  of  ibipi  aailing  obliquely  to  the  wind ;  al«o  of  windmill  laili,  and 
other  d<uly  occurrence*  in  nature  and  arL 

FORCEPS.  A  eeneraJ  term,  (bui  principally  lued  in  ni^eij,)  for  a  varie^ 
of  inatruments  of  the  nature  of  toog*  or  plyer*. 

FORGE  ptoperiy  lignifiea  a  little  furnace,  fumiihed  with  a  pair  of  bellow*  to 
render  the  combuition  more  vivid ;  and  employed  by  imitha  and  other  artiaan* 
in  iron,  iteel,  &c.  to  heat  their  metali,  in  order  to  loften  and  render  them  more 
manageable  upon  the  anvil.  In  laboratories  there  is  generally  a  small  ftimace, 
con*isting  of  a  cylindrical  piece,  open  at  top,  which  has  at  its  lower  end  a  hole 

' '"ing  the  nozle  of  a  pair  of  double  bellows.     This  kind  of  forge  is  very 

tit  Tor  fkisions,  as  the  operation  ii  quickly  performed,  and  with  few 
coau.  i'he  natives  of  Ceylon  work  with  considerable  skill  and  taste  in  gold 
and  diver  J  and,  with  means  that  appear  very  inadequate,  execute  article*  of 
jewellery  that  would  certainly  be  adnured,  but  not  vei;  eaiily  imitated  in  this 
country.  The  best  artist*  require  only  the  following  apparatus  and  tools,  a 
low  earthen  pot,  Aill  of  chaff  or  saw  dust,  in  which  he  make*  a  little  charcoal 
fire ;  a  small  bamboo  blow-pipe,  with  which  he  excites  the  fire ;  a  short  earthen 
lube  or  node,  the  extremity  of  which  is  placed  at  the  bottom  of  the  fire,  and 
through  which  the  artist  directs  the  Hast  of  the  blow-pipe ;  two  or  three  small 
cruciolei  made  of  the  fine  day  of  ant-hills,  a  pair  of  tongs,  an  anvil,  two  or  three 
■mall  hammer^  and  a  file ;  and  to  conclude  the  list,  a  tew  small  bar*  of  iron  or 
braai,  about  two  inches  long,  and  differently  pointed  for  difierent  kinds  i^  work. 


It  i*  aatonishii^  wliat  an  intense  little  fire,  more  than  sufficiently  alrong  to  melt 
gdd  and  rilver,  can  be  kindled  in  a  few  minute*.  Such  a  *im;ile  forge  deierres 
to  be  better  known;  it  is,  perhaps,  even  deserving  the  attention  of  the  icien- 
tific  eiperimenter,  and  may  be  useful  to  him  when  he  wishes  to  excite  a  small 
fire  larger  than  can  be  pfoduced  bj  the  common  blowpipe,  and  he  ha*  not  a 
forn  at  command.  The  success  ^  this  little  forge  depends  a  good  deal  in  the 
bedirfthefirebeingcompotedofBcombuslible  material,  and  a  very  bad  couductor 
of  beat.  The  blacksmiths  of  Ceylon  are  not  behind  their  brethren,  the  jeweller*, 
in  the  simpiidty  of  their  apparatus,  however  inferior  thcj  may  lie  in  *kiU. 
The  cut  m  the  next  page  represent*  two  gmitlis  at  a  forge,  llie  bellows  consist 
of  a  coBple  of  bag*  made  of  buUodLs'  hides,  each  fumithed  with  a  bamboo  node, 
and  a  long  slit  as  a  mouth,  with  wooden  lips,  that  are  opened  and  drawn  up  and 
■bat  end  pressed  down  alternately  by  the  bands  of  the  person  sitting  between 
the  pair,  who  keeps  up  a  constant  blast  by  (he  alternate  action  of  the  two.  I'he 
nozle  of  the  bellows  i*  introduced  through  a  small  hole  in  the  toot  of  the 
screen,  which  constitute*  the  back  of  the  forge,  and  serves  to  allow  the  ascent 


of  Belper,  near  Derbvi  hai  invented  a  forge,  principtll]'  deiigned  for  the  nianit- 
future  of  naili,  which  ia  highly  deserving  of  notice.  It  U  pecniiaily  adapted 
for  the  biiming  of  charcoal ;  and  the  inventor  propoaeii  to  adopt  thii  ftiel  id 
conjunction  with  coke,  or  coal  purified  ftma  nilpbur,  generally  in  the  proportiDtl 
of  three  ^art«  of  the  Utter  to  one  of  the  former ;  these  proportions  to  be,  how- 
ever, varied  according  to  the  natura  of  the  coal,  and  the  quelitj'  of  the  metal 
to  be  WTOusht.  This  forge  is  conilructed  as  followa  : — the  brickwork  is  tint 
carried  up  from  the  bottom  of  a  cylindrical  figure,  to  the  height  of  tventv-fbur 
inches,  leaving  proper  aperturei  for  the  delivery  of  the  aehet,  the  reception  of 
the  water  tnnighi,  and  for  the  insertion  of  the  noile  of  the  bellows;  the 
circular  aperture  in  the  centre  is  then  covered  with  a  fine  cait-iron  gratiiig, 
which  forms  the  bottom  of  the  fiimace.  The  coutmi  of  brick-work  are  next 
carried  up  a  foot  hieher,  and  the  whole  is  then  nirmountedbjracait-iron  plate, 
with  a  nm  or  border  lii  inchei  high  round  the  external  periphery,  forming  a 
convenient  dish  for  holding  lbs  fuel  to  replenish  the  fire.  In  the  centre  (^  the 
cast-iron  top  plate  is  an  aperture  corresponding  with  the  fire-place,  and  to  thii 
aperture  is  fitted  a  cast'iron  ring,  supporting,  on  three  coit-iron  pillara,  another 
nng  which  carries  the  brick-work  of^  the  chimnev,  which  is  eylindricJ.  The 
bellows  are  nupended  fVom  a  Irame,  and  are  worked  by  a  lever  which  endrdea 
the  chimney,  afibrding  every  workman  employed  the  convenience  of  acting 
upim  it  with  facility ;  and  as  this  eonstruction  of  the  forge  will  admit  of  six 
workpea[Je  being  employed  round  it  in  making  of  naiU,  the  fire  ia  always 
kept  up  bright  and  vivid  bv  the  continual  blasts  from  the  bellowt.  With 
respect  to  the  advantages  of  thefbrge  the  inventor  observes — "By  the  peculiar 
construction  of  the  fir^-fJace,  wood  charcoal  alone  may  be  used,  which  cannot 
be  done  in  other  forgea  j  but  by  a  mixture  of  wood  charcoal  with  coke  for 
fiiel,  the  metals  to  be  wrought  will  acquire  a  turpriaing  degree  of  malleability, 
and  weld  with  great  ease  i  their  tenaci^  and  clearness  wul  also  be  improved, 
and  they  will  have,  when  cold,  a  better  face  or  skin  than  can  be  put  upon  them 
by  any  other  method.    In  addition  to  the  great  advantagv  of  ^tportiofuiig  the 
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iuel  to  the  work  required,  the  circular  form  will  admit  of  a  greater  number  of 
workmen  being  employed  at  the  same  time  at  this  foige  than  at  any  other, 
thereby  causing  a  savmg  of  brickwork  in  the  erection  of  forges,  of  bellows, 
and  shoproom  lor  working  them,  and  a  permanent  saving  in  the  fUel  for  their 
consumption.    See  Iron. 

FORK.  A  well-known  instrument,  consisting  of  a  handle^  and  two  or  more 
prongs.  Though  considered  now  to  be  indispensable,  it  did  not  come  into  use 
till  the  reign  of  James  I. 

FORM.  In  Printing,  an  assemblage  of  letters,  words,  and  lines,  arranged 
in  order,  and  disposed  into  pages  by  the  compositor ;  from  which,  by  means  of 
ink  and  the  press,  sheets  are  printed.  Every  form  is  enclosed  in  an  iron  chase, 
wherein  it  is  firmly  locked  by  a  number  of  wedge-shaped  pieces  of  wood  of 
various  sizes.  There  are  two  forms  reouired  in  every  sheet,  one  for  each  side: 
and  each  form  consuts  of  more  or  fewer  pages,  according  to  the  size  of  the 
book.     See  Prxntimo. 

FORMIATES.  Compounds  of  die  formic  acid  with  earths,  alkalies,  and 
metallic  osddes. 

FORMULA.  A  general  rule  or  expression  for  resolving  certain  particular 
cases  of  some  problem. 

FOTHERING.  A  method  sometimes  resorted  to  for  stopping  a  leak  in  a 
vessel  at  sea.  It  consists  in  stitching  loosely  a  quantity  of  oakum  upon  a  saO, 
which  is  di-awn  under  the  vessel's  bottom ;  and  oy  the  flow  of  the  water  through 
the  leak,  the  oakiun  is  drawn  into  the  aperture. 

FOUNDING  is  the  art  of  casting  or  forming  of  melted  metal  an  infinite 
variety  of  articles  to  any  given  pattern  or  design ;  and  the  place  or  building 
where  the  art  is  carried  on  is  called  a  foundry.  Foundries  are,  however,  dis- 
tinguished either  by  the  metals  they  work  or  the  articles  they  fabricate,  such 
as  brass  foundries  and  iron  foundries,  bell  and  type  foundries.  As  the 
methods  of  casting  in  one  kind  of  metallic  substance  are  very  similar  to  those 
employed  in  others,  we  shall  therefore  describe  at  some  length  the  art  of 
foundmg  as  it  is  practised  by  the  brass  founders,  and  more  briefly  whatever  is 
peculiar  in  the  processes- adopted  in  the  other  branches  of  the  art. 

The  operations  of  the  brass  founder  are  not  limited  to  that  peculiar  yellow 
compound  of  copper  and  zinc,  strictly  termed  brass,  but  to  everv  variety  of  the 
alloys  of  copper,  with  tin  and  zinc  in  every  proportion,  accordmg  to  the  pur- 
poses for  which  the  article  is  required,  or  according  to  the  motive  of  economy 
or  profit  of  the  manufacturer.  Founders  in  brass  require  an  exact  model  in 
wood,  or  otherwise,  of  the  article  to  be  founded ;  and  this  is  most  frequently 
made  in  two  narts,  exactly  joined  together,  and  fitted  by  small  pins,  and  the 
casting,  in  sucn  a  case,  is  performed  by  two  operations,  that  is,  one  half  at  one 
time,  and  one  half  at  anotner,  and  in  the  manner  following ;  viz.  the  founder 
provides  himself  with  a  yellowish  sharp  sand,  which  is  required  to  be  well  washed, 
to  free  it  from  all  earthy  and  other  particles.  This  sand  is  prepared  for  use 
by  a  process  called  tewing,  which  consists  in  working  up  the  sand  in  a  moist 
state,  over  a  board  about  one  foot  square,  which  is  phiced  over  a  box  to  receive 
what  may  fall  over  in  the  tewine.  A  roller  about  two  feet  long  and  two  inches 
in  diameter  is  employed  in  rolfing  the  sand  about  until  it  is  brought  into  that 
state  which  is  deemed  proper  for  its  business;  a  long^bladed  knife  is  also 
required  to  cut  it  in  pieces.  With  the  roller  and  the  knife,  the  tewing  is 
finished  for  use  by  being  alternately  rolled  and  cut  When  the  sand  is^  so  far 
prepared,  the  moulder  provides  himself  with  a  table  or  board,  which,  in  size, 
must  be  regulated  by  the  castings  about  to  be  performed  on  it.  The  edges  of  the 
table  or  bwd  are  surrounded  hy  a  ledf  e,  in  order  to  support  the  tewed  stuff'; 
the  table,  so  previously  prepared,  is  filled  up  with  the  sand  as  high  as  the  top  of 
the  ledge,  which  is  in  a  moderately  mobtened  state,  and  which  must  be  pressed 
'  closely  down  upon  the  table  in  every  part.  When  the  operation  has  so  far 
advanced,  the  models  mtist  be  all  examined,  to  see  that  they  are  in  a  state  to 
oome  nicely  out  of  the  mould,  and  if  not  found  so,  they  must  be  cleaned  or 
altered  till  the  founder  is  satisfied  with  them.  All  models  re<]^uire  the  greatest 
accuracy  in  their  making,  or  it  will  be  vain  to  suppose  any  thing  good  can  be 
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performed  by  the  founder.  When  the  models  are  in  «  F^^p^  >^*^  ^^  ^ 
feonded,  one  half,  generally  loBfltudinaUy,  h  taken  fint,  and  Uiis  laapplicd  on  die 
mould,  and  pieMed  down  mto  Uie  tewed  staff  or  sand,  so  as  eooqpletely  to  lea?e 
its  form  indented  on  it,  which  moat  be  rerj  carefidly  looked  to^  and  ewamined 
minutely,  to  see  that  tiiere  are  no  smaU  holes,  as  every  part  in  the  indented 
sand  must  be  a  perfect  cameo  of  the  models  siibmitted  and  pwscd  into  it  If 
it  should  not  be  found  perfect,  new  sand  most  be  added,  and  the  model  re- 
indented  and  pwscd  into  it,  fOl  it  leaves  its  impression  in  a  stale  proper  to  reeeiva 
the  metaL  In  the  same  manner,  other  models  intended  to  be  founded  on  the 
same  table  must  be  prepared  and  indented  into  the  sand.  MThen  the  taUe  is 
eomplet^  ready  for  the  metal  it  is  carried  away  to  the  mdter,  who  himsdf 
examines  its  state,  and  also  the  cameos,  and  who  lays  alon^  the  middle  of  the 
mould  the  half  of  a  small  wire  of  brass,  which  he  presses  mto  the  sand,  so  as 
to  form  a  small  channel  for  the  melted  brass  to  flow  m,  and  which  he  terms  die 
master  jet  or  canaL  It  is  so  disposed  as  to  meet  the  ledge  on  one  side,  and  fer 
enough  to  reach  the  last  pattern  on  the  other ;  from  this  is  made  several  lesier 
jets  or  branches,  extenoinff  themselves  to  each  pattern  on  the  table,  by 
which  means  the  fluid  metal  is  conveyed  to  all  the  different  indented  impres- 
sions required  to  be  cast  on  the  table.  When  the  work  is  so  far  forwarded  it 
is  deemed  ready  for  the  foundry ;  but  previously  to  this,  the  whole  is  sprinkled 
over  with  mill  dust,  and  when  it  is  so  sprinkled  the  table  is  placed  in  an  oven 
of  moderate  temperature  till  it  gets  dry,  or  in  a  state  which  is  deemed  proper 
to  receive  the  melted  brass.  The  first  table  being  thus  for  completed,  it  is  eitner 
turned  upside  down,  and  the  moulds  or  patterns  taken  out,  or  the  moulder 
begins  to  prepare  another  table  exactly  similar  to  the  one  he  has  just  com- 
pleted, in  which  he  indents  and  presses  the  other  half  of  the  mould ;  or  he  tuma 
the  table  already  finished,  containing  the  first  half  of  the  patterns,  upside 
down ;  previously,  however,  to  doinff  this,  it  will  be  necessary  for  him  to 
loosen  the  pattern,  which  is  fixed  in  the  sand,  a  litde  all  round,  with  any  small 
instrument  that  will  open  away  the  sand  fi!om  its  edges,  in  order  to  its  comii^ 
out  of  the  table  more  easfly.  This  economy  in  founding,  of  making  one 
half  of  each  pattern  to  be  cast  answer  the  purpose  of  the  iniole  pattern,  is  a 
very  common  practice  in  brass  founding,  and  enables  the  manufacturer  to  sell 
his  goods  at  a  much  cheaper  rate  than  he  would  odierwise  be  enabled  to  do  if 
he  was  obliged  to  have  a  rail  pattern  of  all  goods  to  be  founded.  When  he  baa 
loosened  the  sand  fix>m  about  the  jpattem,  and  taken  it  out  of  the  first  table,  the 
work  is  proceeded  in  of  preparing  the  counteipart  or  other  half  of  the  mould 
with  the  same  pattern,  or  otnerwise,  and  in  a  name  exacdy  corresponding  with 
the  fonner,  excepting  only  diat  it  is  prepared  with  small  pins  to  enter  holes 
which  are  made  in  the  first  half  of  the  model,  to  securo  them  togeth«r. 
When  this  counteipart  table  has  been  finished,  and  all  die  patterns  indented  in 
the  sand,  it  is*  canned  to  the  melter,  who,  after  enhug^g  the  principal  jet  of  the 
counterpart,  and  making  the  cross  jets  to  the  various  patterns,  and  sprinkling 
them  as  before  with  miU  dust,  it  is  set  in  the  oven  to  he  sufficiendy  dried  to 
receive  the  liquid  metal.  When  both  parts  aro  sufficiendy  dry,  they  aro  joined 
togedier  by  the  pins,  and  to  prevent  these  from  being  forced  open  by  the  pressuro 
of  the  liquid  metal,  the  tables  are  further  secured  by  screwed  bolts  or  wedges. 
The  furnace  for  melting  is  somewhat  similar  to  a  smith's  forge,  with  a  chimney 
over  it,  and  a  pair  of  large  bellows ;  die  hearth  is  of  masonry  or  brickwoik, 
secured  by  an  outer  rim  of  iron.  The  fire-place,  which  is  in  the  centre^  is  a 
cavity  of  12  to  18  inches  square,  and  reachmg  down  to  the  floor  of  the  firan- 
dry.  The  lowest  part  of  this  cavity  constitutes  the  ash-pit  and  aiiHshamber,  and 
is  divided  firom  the  upper  portion  by  an  iron  grating ;  on  this  the  ftiel  is  deposited, 
in  the  centre  of  wnich  is  placed  a  covered  crucible,  containing  the  metal 
under  fusion,  which  is  accelerated  by  keeping  the  fuel  in  which  it  is  completely 
imbedded  in  vivid  combustion  by  the  contmued  action  of  the  bellows.  When  the 
fusion  is  perfect  the  crucible  is  withdrawn  from  die  fire  by  the  caster,  with  a  pair 
of  long  tongs  adapted  to  pipe  it  firmly,  and  with  which  he  pours  into  the  master 
jet  of  each  mould  until  they  are  filled.  As  soon  as  this  is  done  water  is  sprinkled 
over  the  tables  to  cool  and  fix  the  metal ;  after  which  the  tables  are  unfiistened^ 
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and  the  new  castings  taken  out,  to  be  finiihed  bv  fiUng,  icouring,  burnisbingi 
turning,  Arc.  as  the  work  may  require.  The  sand  is  now  taken  out  of  the  frames, 
to  be  worked  up  again  for  the  next  casting :  by  repeated  use  the  sand  becomes 
black,  by  the  charcoal  collected  from  the  foundry,  which  does  not,  however, 
unfit  it  for  further  employment  To  reduce  the  expense  and  weight  of  casting 
lar^  masses  in  solia  metal,  recourse  is  often  had  to  forming  them  hdlow, 
which  process  is  distinguished  by  the  term  core  caitmfff  as  it  is  necessary  to 
have  a  core  or  heart  of  nearly  the  shape  of  the  external  form  of  the  pattern. 
This  core  is  usually  made  of  day,  mixed  and  kneaded  with  craciUe  dust,  and 
is  suspended  by  wires  in  its  place,  with  a  space  around  it  to  receive  the 
metal ;  in  small  articles,  however,  it  is  usual  to  fill  up  the  space  by  coatinf  the 
core  to  that  extent  witii  wax,  which  melts  as  the  metal  flows  to  supp^  its 
place.  When  the  pattern  is  of  a  complicated  form,  and  a  difficulty  arises  in 
setting  out  the  core,  it  is  usually  separated  into  several  pieces,  which  ore 
joined  together  after  being  cast  In  many  of  the  Birmingham  manufactures 
the  cores  occupy  so  much  of  the  pattern,  that  the  metal  left  is  not  thicker  than 
a  shilling.  Toe  business  of  a  brass  founder,  contrary  to  that  of  an  iron- 
foimder,  extends  to  the  finishing  of  the  articles  he  casts;  and  not  only  to  this, 
but  to  the  manufacture  of  brass  goods  that  are  not  cast  or  founded  at  all,  being 
made  entirely  from  wrought  or  rolled  metaL  A  large  proportion  of  the  Bir* 
mittgham  manufacture  of  cabinet  brass  work  is  formed  out  of  sheet  metal,  by 
pressure  between  dies  after  the  manner  of  coining :  such  goods  are  in  con- 
sequence cheaply  made,  and  frequently  are  impressed  with  very  tasteful  and 
elaborate  designs.  The  castings,  when  taken  out  of  the  sand,  have  first  to  be 
cleaned  up  and  completed,  as  they  are  seldom  free  from  defects ;  the  cores  are 
filed  off)  and  the  small  cavities  filled  up  with  metal  or  solder ;  they  are  after> 
wards  finished,  according  to  the  nature  of  the  article,  by  filing,  turning,  bur- 
nishing, and  lackerinff.  The  superior  kinds  of  brass  work  are  gilded, 
which  preserves  them  better  than  lacker,  and  constitutes  the  article  called 
or  tnolu. 

In  the  founding  of  statues,  busts,  frc.  three  things  in  particular  require  atten* 
tion ;  namely,  the  mould,  the  wax,  and  shell  or  coat,  tne  inner  mould  or  core, 
so  called  from  being  in  the  middle  or  heart  of  the  statue.  In  preparing  the 
core,  the  moulder  is  required  to  give  it  the  attitude  and  contour  of  the  fiffura 
intended  to  be  founded.  The  use  of  the  core  is  to  support  the  wax  and  sheli, 
to  lessen  the  weight,  and  save  the  metal.  The  core  is  made  and  raised  on  an 
iron  grate,  sufficiency  strong  to  sustain  it ;  and  it  is  farther  strengthened  by 
bars  or  ribs  of  iron.  The  core  is  made  of  strong  potter's  clay,  tempered  with 
water,  and  mixed  up  with  horse-dung  and  hair,  all  kneaded  and  incorporated 
together ;  with  this  it  is  modelled  and  fashioned  previously  to  the  sculptor's 
laying  over  it  the  wax ;  some  moulders  use  plaster  of  Pans  and  sifted  Drick-> 
dust,  mixed  together  with  water,  for  their  cores.  The  iron  bars  which  support 
the  core  are  so  adjusted  that  they  can  be  taken  from  out  of  the  figure  after  it 
is  founded,  and  the  holes  are  restored  by  solder,  &c. ;  but  it  is  necessary  in  full 
sized  figures  to  leave  some  of  the  iron  bars  affixed  to  the  figure  to  steady  its 
projecting  parts.  After  the  core  is  finished,  and  got  tolerably  firm  and  dry,  the 
operation  of  laying  on  the  waxen  covering  to  represent  the  ngure  is  performed» 
which  must  be  all  dotie,  wrought,  and  fashioned,  by  the  sculptor  himself,  and  by 
him  adjusted  to  the  core.  Some  sculptors  work  the  wax  separately,  and  afterwards 
dispose  and  arrange  it  on  the  ribs  of  iron,  filling  up  the  void  spaces  in  the  middle 
afterwards  with  liquid  plaster  and  brick-dust,  by  which  plan  the  core  is  made  as,  ov 
in  proportion  to,  tlie  sculptor's  progress  in  working  the  wax  model.  Care  must  be 
taken,  however,  in  modelling  the  wax  in  both  cases,  to  make  it  of  an  uniform 
substance,  in  order  to  the  metal  being  so  in  the  work,  of  which  the  wax  is  its 
previous  representative.  When  the  waxen  model  is  finished  to  the  core,  or 
adapted  ana  filled  afterwards,  small  tubes  of  wax  are  fixed  perpendicularly  to 
it  from  top  to  bottom,  to  serve  not  only  as  jets  to  convey  the  melted  metsl  to 
all  parts  of  the  work,  but  as  vent  holes  to  allow  a  passage  to  the  air  generated 
by  the  heated  brass  in  flowing  into  the  mould,  and  which,  if  not  admitted 
readily  to  escape,  would  occasion  so  much  disorder  in  it  as  would  much  ii\jura 
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ifae  beauty  of  the  work.    Seulpton  adjuit  the  weight  of  the  metal  required  in 
this  kind  of  founding  by  the  was  taken  up  in  the  modeL    One  pound  of  wax 
■o  em]^yed  will  reijuire  ten  pounds  of  metal  to  ooei^y  ita  apace  in  the  caat- 
ing.    The  work  having  adyanced  in  progreia  ao  fiur»  wfli  now  reauire  covering 
with  a  ahelL   Thia  oonsiits  of  a  kind  of  coat  laid  over  the  wax,  which,  being  of 
a  soft  nature,  easily  takea  and  preserves  the  impression,  which  it  afterwarda 
communicates  to  the  metal  upon  its  occupying  the  place  of  the  wax,  which  is 
between  the  shell  and  core.    The  shell  is  composea  of  day  and  white  cracible 
dust^  wdl  ground,  screened,  and  mixed  up  with  water  to  the  consistence  of  paint, 
like  which  it  is  used.    The  moulder  mlies  it,  by^  layinr  it  over  the  wax  with 
a  camel's  hair  or  other  soft  pencil,  which  will  require  eight  or  nine  times  going 
over,  allowing  it  time  to  dry  between  each  successive  coat    After  this  coating 
is  firm  upon  the  wax,  and  which  is  used  only  to  protect  it  from  those 
which  are  to  follow,  the  second  part  or  coating  is  made  up  of  common  earth, 
mixed  with  horM  dung ;  this  is  spread  all  over  the  model,  and  in  such  thick- 
nesi  as  to  withstand,  in  some  measure,  the  weight  of  the  metaL    To  this 
coating  or  impression  is  added  a  third,  composed  almost  wholly  of  dung,  with 
a  proportion  of  earth  sufficient  onlv  to  render  it  a  little  more  tough  and  firm 
when  used.     When  this  is  tolerably  dry,  the  shell  b  finished  by  laying  on 
several  more  coats  or  impressions  of  the  same  composition,  made  strong  and 
stifi*  by  successive  workmgs  with  the  hand.     When  this  is  finished  and  is 
deemed  adequate  to  support  the  heated  metal,  it  is  fiirther  secured  and 
strengthened  by  several  bands  or  hoops  of  ifon,  bound  round  it  at  about  six 
inches  from  each  other,  and  fastened  at  bottom  to  the  grate  on  which  the  statue 
stands.    Above  tlie  head  of  the  statue  is  made  an  iron  circle,  for  the  purpose 
also  of  confining  the  shell  and  statue;  to  this  circle  the  hoops  are  fastenea  at  top. 
It  may  be  considered,  when  the  moulding  has  arrived  at  thb  state,  to  be  in  a 
condition  to  receive  the  melted  metal ;  but  it  is  not  so  exactly,  as  will  soon 
appear.    The  mould,  as  has  been  before  observed,  ii  made  upon  an  iron  grate ; 
under  this  mte  is  a  fiimace  and  flue,  in  which,  at  this  period  of  the  work,  a 
moderate  me  is  to  be  made,  and  the  aperture  of  communication  therewith 
stopped  up,  so  as  to  keep  in  the  heat     As  the  heat  increases  and  begins  to 
operate  upon  the  mould,  preparation  must  be  made  to  allow  of  the  wax  running 
finely  firom  out  of  the  shell ;  for  this  purpose  pipes  are  contrived  at  the  base  of 
the  mould  so  that  it  may  run  gently  off  and  through  these  pipes.  As  soon  as  it 
is  all  run  off  the  pipes  are  nicely  stopped  up  with  earth  to  prevent  the  air 
entering  them,  &c.     When  this  is  done  the  shell  is  surrounded  by  any  matter 
that  has  non-conducting  properties — ^for  instance,  pieces  of  brick  put  round 
andpQed  up  of  good  thickness,  secured  by  earth,  will  answer  the  end;  and  the 
whole  should  be  finally  coated  outside  with  loam  as  a  fiirther  protection  to 
keep  in  the  heat    After  the  shell  is  adequately  surrounded  with  materials  to 
keep  off  the  effect  of  the  air,  the  fire  in  the  fiimace  is  augmented  till  such 
time  as  both  the  matter  surrounding  the  shell  and  it  also  becomes  red  hot,  and 
which,  in  ordinary  circumstances,  will  take  place  in  twenty- four  hours*  time ; 
the  fire  is  then  extinguished,  and  the  whole  allowed  to  cool ;  after  which,  the 
matter  which  has  been  packed  round  the  shell  is  taken  away,  and  its  place 
occupied  with  earth  moistened  and  closely  pressed  to  the  mould  in  order  to 
make  it  mora  firm  and  steady.     It  will,  when  having  advanced  so  far,  be  in  a 
state  to  receive  the  melted  metal,  to  prepare  which  for  the  castine,  a  furnace 
is  made  a  few  feet  above  the  one  employed  to  heat  the  mould ;  it  is  formed 
like  an  oven,  having  three  apertures,  one  of  which  is  for  a  vent,  the  other  to 
admit  the  fuel,  and  the  last  to  let  the  melted  metal  flow  through  and  out  of  the 
fiimace.  This  last  aperture  should  be  kept  very  close  whilst  the  metal  is  fiising, 
when  it  has  arrived  at  that  state  which  is  deemed  proper  for  running  it  into 
the  shell,  and  which  is  known  by  the  quick  separation  and  escape  of  the  sine 
of  the  brass.    A  little  tube  is  laid  to  convey  it  into  an  earthenware  basin,  which 
is  fixed  up  over  the  top  of  the  mould ;  into  this  basin  all  the  large  branches  from 
the  jets  enter,  and  from  which  is  conveyed  the  metal  into  all  parts  of  the 
mould.    The  jets  are  all  stopped  up  with  a  kind  of  plugs,  which  are  kept  dose 
till  the  basin  which  is  to  supply  the  metal  be  full.     When  the  fiimace  is  first 
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opened  for  this  purpose  the  melted  brass  gushes  forward  like  a  torrent  of  fire, 
and  is  prevented  n-om  entering  any  of  the  jets  by  the  plucs,  till  the  basin  is 
sufficiently  full  to  be  ready  to  begin  with  the  mould,  and  which  is  esteemed  so 
when  the  brass  it  contains  is  adequate  to  the  supply  of  all  the  jets  at  once, 
upon  which  occasion  the  pluss  from  all  of  them  are  withdrawn.  The  plues 
consist  of  a  lone  iron  rod,  with  a  head  at  one  end,  capable  of  filling  the  whde 
diameter  of  each  tube.  The  hole  in  the  fbmace  in  which  the  melted  metal  is  con* 
tained  is  opened  with  a  long  piece  of  iron  fitted  on  the  end  of  a  pole,  to  allow 
of  the  furnace  man  keeping  at  a  distance  from  it,  as  many  accidents  occur  by 
the  red  hot  metal  coming  in  contact,  with  the  air,  particularly  if  it  be  damp,  in 
which  case  the  most  violent  explosions  take  place.  The  basin  is  filled  almost 
in  an  instant  after  the  furnace  piug  is  withdrawn,  and  the  metal  is  then  let  into 
the  several  jets  communicating  with  the  model,  which,  when  they  have  emptied 
themselves  into  the  shell  or  mould,  the  founding  is  finished  in  so  far  as  the 
casting  is  concerned.  The  rest  of  the  work  is  completed  b;^  the  sculptor,  who 
takes  the  new  brass  figure  from  out  of  the  mould  and  earth  in  which  it  was  en- 
compassed, saws  off  the  jets,  and  repairs  and  restores  the  parts  where  required. 
His  tools  for  this  purpose  consist  or  chisels  of  various  sizes,  gravers,  punches, 
files,  &c. 

In  casting  colossal  statues  a  somewhat  different  mode  is  pursued  than  the 
one  already  described,  and  this  arises  wholly  from  the  size,  it  being  found  diffi- 
cult to  remove  the  moulds  of  such  colossal  works ;  to  obviate  this  difficulty,  it 
is  worked  and  prepared  upon  the  spot  where  it  is  to  be  cast    There  are  two 
ways  of  performing  this,  and  some  founders  prefer  the  one  and  some  the  other. 
By  the  nrst  plan,  a  square  hole  is  dug  into  the  earth  somewhat  larger  than 
would  be  required  for  the  mould,  and  its  sides  are  hemmed  up  wiUi  brick- 
work ;  at  its  bottom  is  formed  a  hole>  below  the  one  already  prepared,  as  a 
furnace,  which  must  be  built  up  with  brickwork,  having  an  aperture  made 
outwards  into  another  pit  prepared  near  it,  from  which  the  fuel  is  put  into  the 
furnace.    The  top  of  the  furnace  in  the  first  hole  is  covered  by  a  grating  of 
iron,  and  on  this  is  moulded  and  placed  the  case  of  the  statue  to  bo  cast,  and 
also  its  waxen  coating ;  in  doing  which  the  same  process  is  observed  by  the 
sculptor  as  that  already  described.    Near  the  edge  of  the  large  pit  in  which 
the  model  is  placed  is  erected  the  furnace  to  melt  the  metfu,  and  which  is 
similar  to  the  one  already  described  for  common  figure  casting,  except  being  of 
larger  dimensions ;  it  has,  like  that,  three  apertures— one  for  putting  in  the  wood, 
another  for  a  vent,  and  a  third  to  run  the  metal  out  at    By  the  second  plan  of 
founding  colossal  figures,  it  is  thought  sufficient  to  work  the  model  above 
ground,  adopting  the  same  mode  with  respect  to  a  furnace  and  grate  under- 
neath it ;    for  whether  under  ground  or  above  it,  to  keep  in  the  heat  when 
drying  the  core  and  melting  the  wax,  is  the  end  more  particularly  sought; 
to  do  which  in   the  most  effectual  way  four  walls  of  urickwork  are  built 
up  round  the  model,  in  the  middle  of  which  is  fixed  the  grate  and  furnace ; 
and  on  one  side  above  is  formed  the  mass  of  building  intended  for  the  furnace, 
which  is  to  be  appropriated  to  the  melting  of  the  metal.    When  the  whole  is 
finished  and  ready,  a  fire  is  made  in  the  me-place  under  the  core  of  the  model, 
and  kept  up  so  as  to  produce  a  moderate  heat  to  dry  the  core,  and  also  to  melt 
the  wax  from  off  it,  which  runs  down  by  tubes,  as  has  been  before  remarked, 
and  indeed  no  difference  whatever  takes  place  in   such  founding,   except 
every  thing  beins^  upon  a  Iarfi;er  scale.     When  the  wax  u  run  off  and  the  fire 
extinguished  in  tne  furnace,  bricks  are  fiUed  in  at  random,  either  into  the  hole, 
if  founding  under  ground,  or  into  the  area  between  the  waUs,  if  above  ground ; 
aiUr  this  is  done,  the  fire  in  the  furnace  is  again  lighted,  and  blown  up  and 
augmented  till  such  time  as  both  the  core  and  bricks  are  of  a  red  heat,  when 
the  fire  is  again  extinguished,  and  the  whole  is  left  to  cool ;  and  when  cooled, 
the  bricks  are  removed,  and  all  is  cleared  away,  and  the  space  again  occupied 
by  moistened  earth  to  secure  and  steady  the  model.    Nothing  now  remains  but 
running  in  the  metal,  which  is  performed,  as  has  been  before  described  for 
smaller  foundings  of  statues. 
The  casting  of  guns  is  performed  in  the  manner  already  described  for  statues. 
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exoeDting  duit  tto  core  ii  requind,  it  beinf  east  solid,  and  tbe  cavity  entirely 
bona  out,  daring  which  operation  the  gun  is  turned  and  finished  on  the  outade. 
(See  Cahkon,  and  Borimo  Machihe.)  The  composition  of  which  cannon  is 
formed  in  this  country  is  10  lbs.  of  tin  to  100  lbs.  of  copper,  whereas,  u&  the 
brass  of  statues,  sine  is  employed  instead  of  tin. 

FmmSng  m  JBroMse.^The  £eyptian  bronie  consisted,  according  to  Bessari, 
of  two-thirds  brass  and  one-diiid  copper.     Fliny  sayi,  that  the  Grecian  bronze 
was  formed  by  adding  one-tenth  lean  and  one-twentieth  silver  to  the  two-thirds 
of  brass,  and  the  one-thud  of  copper  of  the  Egyptian  bronae;  and  that  this  was 
the  proportion  afterwards  made  use  of  by  the  lloman  statuaries.    The  modem 
bronie  is  commonly  made  of  two-thiids  copper,  fused  with  one-third  of  brass ; 
and  recently,  owing  to  the  great  demand  for  cnnaments  and  decorative  furniture 
of  this  alloy,  lead  and  sine  in  small  proportions  have  been  added  to  the  copper 
and  brass.    These  additions,  it  is  said,  mcrease  the  fusibilitv  of  the  alloy,  and 
facilitate  the  process  of  casting.    Bronae  casting  ii  employed  in  forming  eques- 
trian statues,  colossal  and  other  figures  in  alto  mievo,  to  adorn  public  places,  its 
peculiar  tint  finely  contrasting  with  the  stone  or  marble  of  architecture,  espe- 
cially when  the  artist  displays  taste  in  his  design  and  skill  in  his  ex<H:ution. 
The  castinff  in  bronze  is  performed  in  the  foUowuig  manner :  first,  the  figure  or 
pattern  to  be  cast  must  have  a  mould,  and  this  is  prepared  and  laid  on  a  plaster 
cast,  previously  wrought  and  finished  by  the  sculptor.    The  mould  is  made  of 
plaster  of  Paris,  moistened  with  water,  to  which  is  added  brick-dust  in  the 
proportion  of  one-third  of  the  former  to  two-thirds  of  the  latter.      This  is 
carefully  laid  on  the  mould,  with  strength  in  proportion  to  the  weight  of  metal 
intended  to  be  used  in  the  founding.  In  its  jomts  should  be  cut  small  channels 
tending  npwiurds  and  from  different  parts  of  the  internal  hollow,  to  allow  of 
vent  for  the  air  to  escape,  as  the  heated  metal  runs  in  upon  the  mould. 
A  thin  layer  of  clay  shoidd  be  spread  over  the  inside  of  it,   and  of  the 
thickness  which  it  is  mtended  the  bronze  should  be.    Withinside  of  the  clay  a 
filling-up  of  plaster  and  brick-dust,  in  the  proportions  as  before  described,  will 
be  required  to  compose  the  core ;  but  if  the  work  to  be  cast  be  large,  before 
the  plaster  and  brich-dust  are  poured  into  the  mould  to  form  the  core,  a  skeleton, 
composed  of  iron  bars,  as  a  support  for  the  figure,  should  be  prepared  and  fixed ; 
afler  which  the  filling  up  of  the  core  may  be  proceeded  in.    When  this  is  done 
the  mould  must  be  opened  again,  the  layer  of  clay  taken  out  of  it,  and  the 
core  thoroughly  driea,  and  even  burned,  with  a  cliarcoal  fire,  or  with  straw ; 
for  if  the  least  damp  remain  the  cast  will  be  blown  to  pieces  when  the  hot 
metal  comes  in  contact  with  it,  in  runnine;  it  into  the  mould,  and  the  workmen 
employed  about  the  work  be  maimed  or  killed  bv  the  dispersion  of  the  heated 
bronze.    After  the  core,  &c.  has  been  properly  dried  and  is  deemed  ready  for 
the  work,  it  should  be  laid  in  the  mould,  and  supported  in  its  place  bv  short 
rods  of  bronze,  which  should  run  through  the  moutd  into  the  core.    All  being 
so  far  advanced,  the  mould  should  be  clad  and  bound  round  with  iron,  of 
strength  proportionate  to  the  size  of  the  work  to  be  cast;   after  which  the 
mould  sboula  be  laid  in  a  situation  for  running  in  the  metals,  and  must  be 
supported  for  that  purpose  by  bricks,  &^c.     Great  care  should  be  taken  that 
every  part  be  perfectly  dried  before  any  metal  be  run  into  the  mould,  or,  as  has 
been  before  observed,  the  most  fatal  consequences  will  arise  to  those  who  may 
be  about  the  work.    A  channel  must  be  made  from  the  furnace  in  which  the 
melted  metal  is,  in  order  to  its  running  to  the  principal  jet  of  the  mould,  and 
with  a  descent  to  promote  its  flowing  rapidh'.     The  jets,  furnace,  &c  &c.  are 
all  contrived,  as  has  been  before  described,  ror  casting  figures  in  brass. 

Founding  cf  Iron, — Owing  to  the  immense  demand  for  cast  iron  in  most  of 
our  great  public  works,  such  as  bridges,  rail-roads,  columns,  girders,  fences,  gas 
and  water  pipes,  house-building,  framing  of  machinery,  and  innumerable  objects 
of  less  magnitude,  iron  foundmg  has  become  one  of  the  most  interesting  and 
important  of  our  national  manufactures.  Wherever  a  foundiy  is  to  be  formed, 
a  ixy  situation  should  be  selected  for  it,  as  dampness  would  totally  prevent  anv 
thing  being  cast  with  tolerable  accuracy,  besides  rendering  the  fbuncung,  in  sued 
places,  dangerous  to  the  workmen  employed.    The  floor  of  a  building  for  this 
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business  tliould  be  about  ten  feet  deep,  and  composed  of  a  kind  of  loamy  sand ; 
and  if  the  place  selected  does  not  afford  this  convenience  naturally,  the  ground 
must  be  made  hollow,  and  such  sand  brought  to  fill  up  the  excavation.  This 
loamy  sand  is  for  the  purpose  of  burying  large  moulds  beneath  its  surface,  so 
that  the  metal  may  be  conveyed  to  them  by  channels  or  soughs  hollowed  out  of 
the  sand,  and  througli  which  it  runs  from  the  furnace  to  the  mould  to  be  cast. 
A  foundry,  or  casting-house,  is  provided  with  as  many  air  or  reverberating 
ftimaces,  in  addition  to  the  blast  furnaces,  as  is  required  for  the  extent  of  the 
works  to  be  founded  at  it ;  an  air  or  reverberating  furnace  is  only  used  occa- 
sionally, either  when  the  metal  contained  in  the  blast  furnace  is  not  sufficient, 
or  when  the  quality  made  in  it  is  not  proper  for  tlie  work  about  to  be  cast. 
The  difference  in  the  qualities  of  the  metals  arises  from  their  containing  too 
much  or  too  little  carbon,  and  this  is  corrected  by  the  founder,  who  mixes  them 
with  better  or  worse  metal  till  they  are  rendered  fit  for  the  purpose  required. 
Cupolas,  as  they  are  called,  are  also  wanted  in  a  foundry,  and  are  similar  to  the 
blast  furnace,  except  being  of  somewhat  smaller  capacity ;  they  are  used  to 
melt  small  quantities  of  metal  when  it  is  wanted  in  haste,  as  the  reverberatory 
or  blast  furnaces  will  take  more  time  in  filling  the  charge  of  metal  than  the 
cupola  does,  by  reason  of  their  being  of  larger  capacity ;  but  the  founding  by 
cupolas  requires  more  machinery,  from  which  circumstance  it  is  not  so  well 
adapted  to  answer  the  purpose  of  the  founder  as  the  employment  of  a  reverbe- 
ratory or  blast  furnace.  A  much  greater  stock  of  flasks  and  other  implements  is 
wanted  to  make  the  moulds  with,  than  is  required  by  the  caster  who  performs 
his  work  by  means  of  either  of  the  other  furnaces ;  these  kinds  of  furnaces 
are  always  in  use  at  large  foundries,  as  at  such  places  can  be  employed  the 
whole  charge  of  metal  they  are  capable  of  containme.  In  a  foundry  worked 
by  a  blast  furnace,  a  pit  is  sunk  at  a  convenient  distance  from  it,  and  the 
moulds  for  all  large  articles,  such  as  pipes,  &c.  are  placed  vertically  in  it, 
within  reach  of  the  crane,  that  they  may  he  raised  or  lowered  in  the  pit.  The 
metal  is  conveyed  from  the  furnace  by  a  gutter  or  trough  made  in  the  floor  of 
tiie  foundry,  and  a  small  iron  trough,  filled  with  sand,  conducts  the  fluid  metal 
into  the  moulds.  This  method  of  performing  foundings  at  large  works  is  an 
improvement  on  the  old  one,  (which  consisted  in  burying  the  pattern  in  sand,) 
and  which  has  caused  a  great  saving  in  labour  and  time.  The  flasks  for  this 
method  of  casting  are  founded  of  iron.  It  is  now  a  practice  at  most  of  our 
large  foundries  to  substitute  sand  for  loam  castings,  in  cases  in  which  there  are 
a  great  number  of  articles  of  the  same  kind  to  be  cast,  so  that  the  expense  of 
the  flasks  becomes  an  object  of  no  great  importance.  When  it  happens  that 
the  articles  are  intricate,  the  sand  is  wetted  so  much  as  to  render  it  'sufficiently 
adhesive  to  make  it  mould,  and  receive  the  form  of  the  pattern  completely ; 
after  this  is  done,  it  is  necessary  to  dry  the  mould,  to  prevent  accidents  by  the 
explosion  of  the  hot  metal  when  running  the  cast ;  for  this  purpose  stoves  are 
used  in  which  an  equal  and  moderate  degree  of  temperature  is  produced,  and  of 
a  capacity  adeauate  to  contain  a  good  number  of  tne  patterns.  The  moulds, 
when  ready  to  be  dried,  are  placed  upon  a  carriage  adapted  to  the  purpose,  and 
on  which  they  are  arranged  and  conveyed  to  the  oven  ;  and  when  dry,  which 
generally  happens  in  about  half  an  hour,  they  are  withdrawn,  and  a  new  set 
placed  upon  tne  carriage.  Every  foundry  should  be  provided  with  oue  or  more 
cranes,  so  placed  as  to  oe  easily  got  at  when  it  is  reouired  to  raise,  lower,  or 
remove,  any  large  piece  of  casting.  The  moulding  of  large  pieces  of  cast-iron, 
when  ihey  are  required  to  be  hollow,  is  made  in  loam,  and  consists  in  laying 
down  an  iron  ring  upon  the  &|round,  of  the  diameter  of  the  proposed  calibre  of 
the  work  to  be  cast,  and  which  has  a  rod  of  iron  in  its  centre ;  aher  this  is  done, 
bricks,  clay,  and  wet  loam  are  mixed  together,  and  built  up  within  the  ring  and 
round  the  iron  rod,  of  somewhat  less  diameter  than  the  cylinder  about  to  be 
cast,  and  for  which  this  is  to  form  the  core.  The  whole,  when  built,  is  bound 
round  with  iron  hoops  to  protect  it,  and  a  fire  is  made  inside  to  dry  it;  and  when 
properly  dried,  a  coating  of  loam  i.<«  spread  all  over  and  smoothed ;  this  coat  fills 
up  and  makes  it  the  proper  size  for  tne  inside  of  the  cylinder,  and  is  called  the 
core  of  the  mould.  Anotner  cylinder  is  built  and  plastered  in  the  same  manner, 
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but  witlioat  hoojpt,  whoie  dumeter  u  the  lame  as  tlw  ouUide  of  the  cylinder  to 
be  founded.  When  this  it  finished,  it  is  covered  over  with  charcoal  dust,  or 
fljonnd  charcoal,  which  is  mixed  up  with  water-like  paint,  and  laid  on  with  a 
brush ;  and  a  thin  coating  of  loam,  mixed  up  with  hair,  is  then  laid  over  the 
charcoal,  previously  spread  upon  the  inner  cylinder.  When  all  these  are  quite 
dry,  a  man  gets  into  tne  cylinder,  and  with  a  picker  pulls  away  from  the  core 
the  bricks,  and  then  with  a  trowel  cuts  away  also  the  loam,  leaving  the  inside 
of  the  external  cvlinder,  which  is  called  the  mould,  quite  smooth ;  this  part 
of  the  work  is  cTOcted  by  the  coat  of  charcoal,  which  prevents  the  two  coats  of 
loam  from  adhering  together.  While  this  is  doing,  a  deep  pit  is  dug,  and  into 
this  the  core  is  let  down  by  a  crane ;  when  this  is  done,  the  mould  is  lowered  over 
the  core ;  as  soon  as  the  adjustment  is  perfected,  sand  is  thrown  in  and  rammed 
round  about  it,  to  about  the  half  of  its  neight ;  after  which  a  flat  cover  of  dried 
loam  is  put  on  the  top  of  the  mould  and  core,  and  pieces  of  rounded  wood  are 
put  into  the  holes,  which  had  been  before  made  for  pouring  in  the  metal.  The 
plugs  which  keep  open  these  holes  are  carefully  taken  out,  and  small  channels 
prepared  for  the  metal  to  run  through  from  the  furnace.  Before  the  metal  is 
run  into  the  mould,  the  latter  should  be  carefully  examined,  to  ascertain  that  it 
is  quite  dry,  and  in  other  respects  in  a  perfect  condition  to  receive  the  metal. 
Sand,  or  open  casting,  b  used  for  such  articles  as  will  allow  of  cutting  into  two 
pieces,  or  even  more,  the  models  of  which  are  indented  in  the  sand,  and  the 
metal  is  run  in  between  flasks. 

A  patent  for  an  improved  mode  of  casting  metallic  cylinders  was  taken  out 
in  1826  by  Mr.  William  Church,  of  Birmingham,  the  object  of  which  was  to 
produce  perfectly  sound  castings  of  uniform  solidity.  The  process  consists  in 
exhausting  the  air  firom  the  moulds  by  means  of  an  air-pump,  and  afterwards 
in  forcing  the  fluid  metal,  from  an  air-tight  reservoir  beneath,  upwards  into  the 
mould  by  the  aid  of  a  condensing  pump.  As  the  apparatus  for  this  purpose 
ma^  be  constructed  in  a  variety  of  ways,  and  be  adapted  to  the  description  of 
articles  to  be  cast,  the  patentee  has  described  only  one  arrangement,  wnich  he 
adopts  and  recommends  for  the  purpose  of  casting  large  cylinders,  rollers, 
cannon,  &c  The  mould  prepared  for  casting  is  endosed  in  a  cast-iron  air- 
tight casing,  and  suspended  in  a  vertical  position,  by  means  of  chains,  to  the 
{'ib  of  an  ordinary  crane,  over  the  vessel  containing  the  fluid  metal;  to  the 
ower  end  of  the  mould,  an  earthen  tube  (the  materiab  similar  to  the  crucible 
ware,)  descends  and  forms  the  channel  for  conveying  the  metal  upwards  into 
the  mould  at  the  proper  period  of  time ;  this  earthen  pipe  is  coverea  with  a  cap 
at  its  lower  extremity,  which  is  luted  to  it  so  as  to  be  air-tight,  and  the  material 
and  thickness  of  the  cap  is  such  that  it  wiU  melt  a  short  time  after  being  im* 
mersed  in  the  fluid  metal  As  soon  as  the  metal  has  arrived  at  the  proper 
temperature  the  suspended  mould,  with  its  appendage,  as  before  mentioned,  is 
lowered  by  means  of  the  crane,  so  that  the  eartheu  tube  ia  immersed  into  the 
liquid  metal  in  the  chest  beneath;  this  metal  chest  is  then  closed  aur-tight  with 
a  flange  fixed  on  the  upper  part  of  the  earthen  tube,  by  proper  contrivances 
for  that  purpose,  such  as  a  conical  rim,  an  elastic  meud  hoop  and  luting ;  the 
perfect  closmg  of  which  is  effected  by  the  pressure  of  the  mould  in  its  descent 
to  its  seat  on  the  top  of  the  metal  chest  The  apparatus  bo  far  prepared  is 
next  connected  by  short  pipes  with  union  joints,  to  pipes  leading  from  an  air- 
pumo  of  large  dimensions,  which  both  exhausts  and  condenses.  First,  the  air 
IS  exhausted  fi*om  the  mould,  and  firom  above  the  surface  of  the  melted  metal 
in  the  chest;  by  this  time  the  cap  of  metal  at  the  lower  end  of  the  earthen 
tube  becomes  fiued,  the  fluid  metiu  ascends  that  tube,  and  is  then  forced  by  the 
condensinff  operation  of  the  air-pump  into  the  mould  above,  which,  being  pre- 
viously exhausted,  the  metal  is  uniformly  pressed  into  every  cavity.  As  the 
vacuum  in  the  mould  is  of  course  imperfect,  from  the  previous  exhausting  ope- 
ration, and  the  remaining  portion  of  air  becomes  condensed  bv  the  rising  of  the 
metal,  to  prevent  any  ill  effects  fi-om  its  pressure,  a  stop  cock,  communicating 
with  the  exhausting  end  of  the  air-pump,  is  dpened,  bj  which  it  is  withdrawn. 
For  the  purpose  of  rapidly  cooling  the  mould  after  bemg  filled  with  the  liquid 
metal,  the  cast-iron  moula  case  is  surrounded  with  an  outer  case  or  jacket,  with 
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A  vtout  ipaM  betwMn,  which  »  charged  with  eold  water  wbenercr  detired, 
u  in  lame  catdngi  lhi«  application  muat  be  of  great  u^ty  in  hardening  their 

In  \82i  a  patent  wai  taken  out  by  Mann.  White  and  Sowerbjr  for  an  air 
liiniBce  for  melting  iron,  for  the  um  of  founder!)  in  which  the  requinte  degree 
of  heat  ii  obtuned  without  the  neceanty  of  ratoiting  to  mtckanical  aid,  Imt 
limply  by  the  production  of  natural  current!  of  aii  through  lateral  opening!  or 
paaweea,  with  the  farther  advantage  of  caiwna  a  body  of  flame  ta  be  eon- 
ducted  over  that  portion  of  the  metal  l^dng  in  a  fluid  itate  at  the  bottom  of  the 
furnace,  by  which  it  ii  kept  from  aolidifying  prior  to  the  whole  content!  l>eing 
diaeharged-  On  tbeae  prumplea  the  patentee!  itata  that  the  ftimacet  may  be 
made  squaie,  round,  oval,  octagonal,  or  any  other  convenient  form,  with  paa- 
■Bge*  for  the  adtniision  of  atmoapheric  air  in  variou!  parts  and  in  different 
direction!,  according  as  Ihey  may  be  required  to  direct  the  heat.  The  annexed 
ligurei  are  intended  to  illustrate  one  coavenient  mode  of  carrying  it  into  eSeot 


a  represents  the  body  of  the  furnace,  in  whicti  the  coke  and  metal  ii  de|KNiled ; 
5  und  c  are  flues  leading  from  the  aume  into  the  vertical  chimney  i';  (be  c^Htcity 
or  depth  of  the  fluel  is  regulated  by  dampers  e  e;  //show  the  situation  of  two 
of  the  lateral  air  chambers,  (of  which  there  may  l>e  any  number;)  oneof  dieie  i* 
shown  !!  opening  into  the  outside  of  ihe  itructure,  and  the  other  into  an  open 
archway  or  passage  between  the  chimney  and  the  body  of  the  fiimace;  a  man  hole, 
fur  clearing  out  the  bottom  or  t>ed  of  the  fbmnce  wbenever  required,  is  situated 
ut  g.  To  set  the  furnace  to  work,  the  cover  h  is  retnoved,  and  ciAe  or  other 
fuel  thrown  in,  which  maybeligtited,  if  required,  at  either  of  theBi^pMsue!//,■ 
when  the  heat  ha!  t»en  raised  to  tlie  proper  d^ree  for  the  fiuion  of  the  iron, 
the  metal  and  coke  are  thrown  in  alternately,  in  such  quantitic!  and  proportion* 
as  may  be  required  for  the  caating,  when  the  fiimaee  u  again  to  be  closed  Inr 
the  cover  h.  When  the  whole  of  the  metal  ii  reduced  to  the  flitid  state,  it  u 
run  off  from  the  bed  by  means  of  a  tap  hole  in  the  lower  part.  By  the 
arrangement  of  the  furnace,  it  will  be  perceived  that  a  body  of  flame  i>  made 
to  operate  upwards  in  melting  the  metal,  and  another  takes  a  downward  course, 

Cing  over  the  bed  of  the  furnace,  preserving  that  portion  of  the  metal  which 
been  already  melted,  and  lying  upon  it,  in  a  fluid  state,  until  the  whole 
contenti  of  the  Kirnace  are  melted. 

The  founding  of  iron  cannon  ii  conducted  in  a  similar  manner  to  other  cast- 
ings;   the  pattern  ii  moulded  in  the  tand,  and  the  metal  tun  into  the  mould 
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through  a  gutter.  Small  gnus  are  moulded  on  tables,  one  half  of  the  mould 
being  formed  on  one  table,  and  its  counterpart  on  another ;  they  are  fitted 
together  by  pins,  and  screwed  up  by  nuts  and  bolts  to  keep  them  mm  together 
whilst  the  hot  metal  is  run  in.  About  fifty  years  ago  cannons  were  cast  with  a 
hollow  cavity  for  the  bore,  which  was  auerwards  enlarged  and  cleaned  out  by 
a  machine  adapted  to  the  purpose.  Guns  are  now  invariably  cast  solid,  owing 
to  the  difficulty  of  getting  them  perfectly  sound  by  that  mode  of  casting,  being 
more  or  less  spongy  in  some  parts,  which  the  subsequent  turning  did  not  wholly 
remove.  For  the  method  of  boring  and  turning  great  guns,  see  the  artidie 
Canmom. 

The  manner  of  casting  bells  ii  similar  to  that  of  statues,  except  that  bell-metal 
contains  about  one-fifth  of  tin  to  four-fifths  of  copper,  while  the  metal  of  statues 
contains  no  tin.  The  dimensions  of  the  core  and  wax  in  modelling  a  bell,  if 
it  be  one  of  a  ring  of  several,  must  be  formed  on  a  kind  of  scale  or  diapason, 
which  will  give  the  height,  aperture,  and  thickness  of  the  shell  necessarv  to  the 
several  tones  required.  Oiur  proportions  of  bells  consist  in  making  the  diameter 
fifteen  times  as  thick  as  the  brim,  and  its  length  twelve  times.  Hee  the  article 
Bell,  under  its  initial  letter. 

We  now  come  to  the  description  of  that  department  of  the  foundry  art  which 
must  be  regarded  as  the  most  valuable  and  important  when  its  effects  in  ame- 
liorating our  condition  as  intellectual  beings  is  considered  :  we  allude  to  the 
art  of  founding  type.  This  invention  is  supposed  to  have  originated  at  Ments, 
in  the  early  part  of  the  fourteenth  century,  wnen  types  were  carved  out  of  wood. 
Some  time  afterwards  they  were  cut  of  metal,  and  one  Laurentius  was  honoured 
as  the  inventor  of  this  improvement,  which,  however  trifling  it  may  appear  as 
an  advance  in  any  mechanic  art,  proved  to  be  of  vast  importance  in  its  result. 
The  art  of  founding  or  casting  types  quickly  succeeded,  which  appears  to  have 
had  its  origin  also  in  Germany,  as  we  find  Uiey  were  first  introduced  into  Hol- 
land from  Strasbourg.  By  the  mercantile  activity  of  the  Dutch  at  this  period 
the  new  metal  type  was  rapidly  dispersed  into  all  the  capital  cities  of  Europe. 
The  earliest  use  of  them  in  this  county  was  at  Oxford,  in  1468,  when  a  book 
was  printed  there  by  one  Bouchier.  In  I47I  Caxton,  who  had  studied  the  art 
in  Holland  and  the  Low  Countries,  established  several  printing  presses  in  this 
country.  The  art  of  readine,  which,  but  a  short  time  before,  was  chiefly  con- 
fined to  a  portion  of  the  clergy  and  nobles,  was  soon  extended  to  the  other 
fradations  of  society;  and  the  ability  to  read  was  no  longer  considered  the 
ighest  climax  and  finish  of  an  education,  but  was  made  the  first  step  to  it,  by 
the  introduction  of  printed  books  into  every  school  and  seminary.  As  the 
rudiments  of  education  became  improved,  books  became  rapidly  multiplied,  print- 
ing encouraged,  and  ever  since  a  progressive  improvement  has  been  graauaUv 
developing  itself.  Until  the  seventeenth  century  types  continued  to  be  cast  with 
very  few  improvements,  excepting  such  as  arose  from  alterations  in  the  form 
of  the  letters.  Caslon  set  up  a  foundry  in  1720,  and  succeeded  in  making 
several  improvements,  to  which  some  valuable  additions  were  added  by  Basker- 
ville,  of  Birmingham.  Messrs.  Fry  and  Son's  foundry  was  established  in  1764 
In  1770  Mr.  Jackson  cut  some  very  extraordinary  and  beautiful  types,  by  a 
mould  and  matrix,  which  were  previously  cast  in  sand.  Mr.  V.  Figgini,  in 
1792,  produced  some  beautiful  types  for  the  Persian,  Greek,  and  Hebrew 
characters,  never  before  attempted  in  this  country.  In  1800  Messrs,  Caslon 
and  Catherwood  set  about  recutting  and  improving  the  whole  business ;  and 
the  superior  taste  and  elegance  displayed  in  their  manufacture  occasioned  a 
spirit  of  rivalry  in  the  other  type  founders,  particularly  Messrs.  Fry,  Fif gins,  and 
Thorne,  who  exerted  themselves  individually  so  as  not  to  be  surpassed  by  their 
competitors ;  the  effect  of  which  has  been  tlie  production  of  types  of  that  high 
degree  of  excellence,  which  marks  the  character  of  all  our  booxs  printed  since 
that  period.  The  preparation  of  the  moulds  and  matrices  for  the  purpose  of 
castiiie  the  letters  requires  the  utmost  precision  of  workmanship ;  the  matrix 
itself  18  simply  a  piece  of  copper  or  brass,  about  an  inch  and  a  half  long,  and 
of  a  thickness  in  proportion  to  the  size  of  the  letter  to  be  cast.  In  this  piece 
of  metal  is  sunk  the  face  of  the  letter,  by  means  of  a  steel  letter-punch.  Thi 
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punches  being  made  vrith  every  nee  and  kind  of  letter,  are,  of  course,  veiy 
numerous ;  and  the  making  of  them,  requiring  the  utmost  nicety  of  execution, 
necessarily  forms  a  branch  of  the  type-founder's  business  of  considerable  im- 
portance. There  are  about  twenty  different  sizes  of  each  kind  of  type  in  general 
use,  all  of  which  are  cast  in  moulds  and  matrices,  besides  several  larger  sorts, 
which  are  cast  from  patterns  in  sand.  The  following  table  gives  the  designation 
of  the  twenty  sizes  alluded  to,  and  the  spaces  they  occupy  in  printing.  They 
are  sold  to  the  printer  by  the  pound,  at  prices  varying  from  two  to  thirteen 
shillings,  according  to  their  size : — 


Diamond  type 
Pearl  .     .     . 


Xinet  to  each  fooL 

...  204 

...  178 

Nonpareil 143 

Million 128 

Brevier 1124 

Bourgeois 102 

Long  Primer      ....  89 

SmsJi  Pica 83 

Pica 714 

English 64 


Lloes  to  each  foot 

Great  Primer 61 

Paragon 44} 

Double  Pica 411 

Two-line  Pica 35| 

Two-line  English .     ...  32 

Two-Hue  Great  Primer.     .  254 

Two-line  Double  Pica   .     .  20| 

Canon 18 

Four-line  Pica 17| 

Five-line  Pica 14( 


When  the  moulds  and  the  set  of  matrices  are  duly  prepared,  they  are  brought 
to  the  furnace,  and  consigned  to  the  hands  of  the  caster.  The  furnace  is  built  of 
bricks  uprieht,  with  four  square  sides ;  the  stove  for  the  fuel  is  at  the  top,  with 
a  round  note  made  through  it,  to  receive  the  pan  which  holds  the  metal.  In  a 
large  foundry  there  are  several  of  these  kinds  of  furnaces.  The  caster  begins 
his  work  by  taking  the  mould  in  his  left  hand,  and  with  his  right  puts  back  a 
spring,  which  keeps  the  matrix  close  up  to  the  face  of  the  mould,  and  then 
with  a  small  ladle  adapted  to  the  size  of  the  work,  he  dips  out  of  the  pan  over 
the  furnace  a  sufficient  quantity  of  fluid  metal  to  fill  the  mould,  and  at  the 
same  instant  that  he  turns  the  metal  from  out  of  the  ladle  into  the  mouth  of  it, 
he  throws  up  his  hand,  in  which  is  held  the  mould,  with  a  sudden  jerk  or  shake, 
and  by  this  movement  forces  the  melted  metal  down  into  the  face  of  the  matrix. 
In  this  operation  great  expertness  is  necessarv.  After  the  letter  is  thus  cast,  he 
relieves  the  sprine,  and  takes  the  face  of  tfie  type  from  the  matrix,  which  is 
done  by  pressing  the  thumb  of  the  right  hand  against  the  top  of  the  matrix ; 
he  then  picks  out  the  type,  and  goes  on  with  the  casting.  Thus,  in  the  casting 
of  every  single  type,  there  are  several  distinct  operations  to  be  performed ;  yet, 
owing  to  the  admirable  adaptation  of  the  apparatus  to  tlie  purpose,  an  expert 
caster  can,  on  an  average,  cast  from  six  to  seven  thousand  letters  a  day.  When 
the  workman  has  cast  as  many  types  of  the  same  letter  as  are  required,  he  ex- 
changes the  matrix  for  one  containing  another  letter,  and  proceeds  as  before. 
The  types,  after  being  cast,  are  received  by  the  "  break-off  boy,"  who  takes  off 
the  break  or  rim  of  the  letter ; — ^this  operation  is  performed  with  so  much  expe- 
dition that  some  boys  will  break  off  from  5  to  6000  in  an  hour.  From  the 
break-off  bov  the  new  types  are  put  into  the  hands  of  a  '*  rubber,"  to  have  their 
rag  or  beard  removed,  which  is  effected  by  rubbing  them  over  a  stone.  A  great 
number  of  boys  are  employed  in  a  type  foundry  besides  those  mentioned  in  the 
various  processes  of  tne  manufacture,  —  such  as  "  kemers,"  "  setters  up," 
*'  dressers,"  Sec,  their  operations  being  directed  to  the  perfecting  of  the  form 
and  finishing  of  the  type,—- a  circumstantial  account  of  vrkiich  our  limited  space 
will  not  admit  of.  The  metal  of  the  type-founder  consists  of  lead  and  anti- 
mony fused  together,  the  proportions  of  which  are  regulated  by  the  size  of  the 
type  to  be  cast.  The  smallest  sized  types  require  the  hardest  metal,  the  alloy 
for  which  is  25  of  the  regulus  of  antimony  to  75  of  lead,  in  100  parts ;  in  the 
larger  sizes  the  nroportions  are  varied  accordingly,  down  to  15  parts  of 
antimony  to  85  of  lead.  The  usual  method  of  casting  the  larger  kind  of  types, 
is  by  cutting  the  letter  through  a  plate  of  .brass,  and  afterwards  riveting  to  it  a 
back  to  form  a  matrix;    these  moulds  are  hung  up,  and  the  liquid  metal 
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decimal  will  then  be  the  numerator;    thnsi  *l|  '02.  H>03,  bM  to  be  read  is 


^ANKINCENSE,  or  Olibanum,  it  a  gum  reain,  the  product  of  the  Jumpm 
fyda  of  Linnaeus,  brought  from  Turk^  and  the  Eaat  Indies,  usually  in  dropj 
or  tears.  The  best  sort  is  of  a  yellowish  white  colour,  solid,  hard,  and  brittle. 
When  chewed  it  impresses  an  unpleasant  hitter  taste ;  laid  on  burning  coals 
it  jrields  an  agreeable  odour,  and  is  for  this  reason  much  used  by  the  Catholics, 
the  Jews,  and  ▼arious  idolatrous  nations,  in  their  religious  ceremonies,  the 
powerful  perfume  having  a  tendency  to  prevent  the  communication  of  infection 
amongst  a  dirty  people,  and  of  moderating  the  disgust  created  by  the  slaughter 
of  the  victims  or  the  sacrifices. 

FREEZING.    See  Conoblatioic,  Fbost,  and  Cubmistbt. 

FRICTION,  in  Mechanics,  the  rubbing  of  the  parts  of  engines  or  machines 
against  each  oUier,  by  which  means  a  great  part  of  their  effect  is  destroyed.  A 
body  upon  a  horiaontal  plane  should  be  capable  of  being  moved  by  the  smallest 
Implication  of  force ;  but  this  is  not  the  case,  and  the  principal  causes  which 
render  a  greater  or  less  application  of  force  necessary  are,  first,  the  roughness 
of  the  contiguous  surfaces ;  secondly,  the  irregularity  of  figure,  which  arises 
either  ftom  unperfect  workmanship  or  the  penetration  of  one  body  by  another; 
thirdly,  an  adhesion  or  attraction,  which  is  more  or  less  powerful  according  to 
the  nature  of  the  bodies  in  question  ;  and  fourthly,  the  interposition  of  extra- 
neous bodies,  as  dust,  moisture,  &c.  InnumeraUe  experiments  have  been  made 
to  determine  the  amount  of  friction  or  obstruction  which  is  produced  in  parti- 
cular circumstances ;  but  the  results  of  apparently  similar  experiments  which 
have  been  made  by  different  experimenters  do  not  agree,  nor  is  it  likely  they 
should,  since  the  least  difference  of  smoothness  or  polish,  or  of  hardness,  or, 
in  short,  of  any  of  the  concurring  circumstances,  produces  a  difierent  result : 
hence  no  certain  and  determinate  rules  can  be  laid  down  on  the  subject  of 
friction.  Mr.  Viuce,  who  has  done  much  on  this  subject,  infers,  first,  that 
firiction  is  a  uniformly  retarding  force  in  hard  bodies,  not  subject  to  alteration 
by  the  velocity  except  when  the  body  is  covered  with  cloth,  woollen,  &c.,  and 
in  this  case  the  friction  increases  slightly  with  the  velocity ;  secondly,  friction 
increases  in  a  rather  less  ratio  than  the  weight  of  bodies;  the  rate  of  increase, 
however,  is  various  in  different  bodies,  nor  is  it  sufficiently  determined  for 
any  one  body  what  proportion  the  increase  of  friction  bean  to  the  increase  of 
weight.  The  smaUest  surface,  at  least  up  to  a  certain  point,  has  the  least 
friction,  the  weight  being  the  same ;  but  the  ratio  of  friction  to  the  surface  is 
not  yet  accurately  known.  The  friction  of  mechanical  engines  not  only 
diminishes  the  effect,  or,  which  is  the  same  thing,  occasions  a  loss  of  power, 
but  is  attended  with  the  corrosion  and  wear  of  the  principal  parts  of  the 
machine,  besides  producing  a  considerable  decree  of  heat,  ana  even  actual  fire ; 
it  is  theiefore  of  great  importance  in  mechanics  to  contrive  means  capable  of 
diminishing,  if  not  quite  removing,  the  effect  of  friction. 

The  methods  of  obtaining  the  important  object  of  diminishing  friction  are  of 
two  sorts,  viz.  either  by  the  interposition  of  unctuous  or  oily  substances  between 
the  contij^ous  movinff  parts,  or  by  particular  mechanical  arrangements. 
Olive  oil  is  the  best  and  perhaps  the  only  substance  Uiat  can  be  used  in  delicate 
work,  as  clocks  and  watches,  when  metal  works  against  metal ;  but  in  large 
works  the  oil  is  liable  to  drain  off  unless  some  method  be  adopted  to  confine  it 
The  best  contrivance  with  which  we  are  acquainted,  for  preventing  the  waste 
of  oil,  and  for  keeping  gudgeons  or  axes  properly  suppliea  with  it,  is  Barton's 
Patent  Lubricator,  a  section  of  which  is  shown  in  the  accompanying  engraving, 
with  the  manner  of  applying  it  to  the  shafts  of  mill  work,  a  shows  a  section 
of  a  metallic  vessel  filled  with  oil,  and  closed  by  a  lid  to  prevent  the  admission 
of  dust  or  other  adventitious  matter ;  6  is  a  small  tube  rising  to  nearly  the  top 
of  the  vessel,  and  with  the  lower  part  extending  an  inch  or  two  below  it,  and 
inserted  into  an  aperture  made  through  the  pluromer  block,  directly  over  the 
shaft  e,  shown  also  in  section ;  through  this  tube  a  few  threads  of  woollen  yam 
are  drawn,  which  reach  to  the  bottom  of  the  vessel,  and  conduct  the  oil  by 
capillary  attraction,  as  a  syphon,  in  minute  but  regular  quantities  to  the  shaft 


OT  gudgaon ;  the  whole  of  the  oil  in  the  veeael  is  thui  carried  over,  entirely  Itee 
from  dust  or  other  impuritiei,  and  in  the  preciie  quantity  required,  which  iaesiilj 
regulated  bj  the  number  of  thrends.     It  muit  be  obvioiu  ihu  the  economy  of 


thii  contrivance  !•  Tery  considerable ;  that  macliinery,  where  it  i«  applied,  will 
ran  witti  less  friction,  last  longer,  and  require  leas  power.  Since  trie  above 
cnt  was  executed,  Mr.  Barton  has  greatly  improved  theie  lubricators,  and 
materially  extended  their  utility.  From  some  eiperinieDta  which  have  been 
made,  it  appears  that  when  the  strain  i«  very  great  the  solid  unguents  appear 
to  be  more  effectual  in  diminishing  friction  than  oils,  and  in  this  case  tallow 
OT  iwine'i  grease  i>  generally  employed.  The  celebrated  "  A nti- Attrition  Com- 
pontion"  is  simply  a  mixture  of  hog'i  lard  and  plumbago,  in  the  proportion 
of  four  parts  of  the  former  to  one  of  the  latter.  In  launching  ships  the 
"  ways"  are  smeared  with  soft  soap.  The  mechanical  contrivances  for  the 
diminution  of  friction  consist  either  in  avoiding  the  contact  of  such  bodies  ai; 
produce  much  friction,  or  by  lulMtituting  a  roUmg  for  a  iliding  motion,  as  fki' 
as  it  may  be  practicable.  As  an  instance  of  the  first  method  we  may  notice 
that  in  mill  work,  the  wooden  axes  of  laree  wheels  terminate  in  iron  gudgeons, 
turning  generally  in  imsi  bearings,  which  produces  less  friction  Iban  wood 
upon  wood ;  and  m  the  iron  gudgeon  can  be  made  of  smaller  diameter  than 
wooden  ones  of  the  same  strength,  the  friction  is  also  diminiihed  fh>m  that 
cause  in  nearly  the  same  ratio.  The  conversion  of  a  sliding  motion  into  a 
rolling  motion  ii  efibcled  tty  interpoiing  cylindrical  bodies  between  the  moving 
parts  of  machines,  which,  according  to  their  size  and  arrangement,  are  denomi- 
nated rollers,  wheels,  and  (although  improperly)  friction  rollers.  In  order  to 
nndentand  the  nature  of  rollers,  and  the  advantages  attending  their  use,  it 
mnst  be  coniidered  that  when  one  body  is  dragged  over  the  surface  of  another, 
the  inequalities  of  the  surfaces  of  both  bodies  meet  and  oppose  each  other, 
which  is  the  principal  cause  of  friction  or  obatniclion ;  but  when  one  body, 
such  aa  a  cask,  a  cylinder,  or  a  ball,  is  rolled  upon  another  body,  the  surface 
of  the  roller  does  not  rub  upon  the  latter,  but  its  parts  are  successively 
Implied  to  or  laid  upon  it,  and  are  aflerwatds  lifted  up  from  it ;  therefore, 
in  rolling,  the  principal  came  of  friction  U  avoided,  and  other  advantages  also 
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obtained:  thus,  in  mounting  a  carriage  upon  wheels,  instead  of  placing  it 
upon  skids  or  a  sledge,  the  only  friction  arising  from  the  sliding  of  one  part 
over  another  is  that  which  takes  plaoe  between  the  axle  and  the  box  in  wnich 
it  works.  The  diminution  of  friction  from  this  cause  will  be  in  the  propcHrtion 
of  the  diameter  of  the  wheel  to  that  of  the  axle,  and  it  is  further  dimmished 


by  the  friction  being  that  of  metal  sliding  upon  metal,  which  offers  much  I 
resistance  than  the  best  made  road  could  be  brought  to  do,  and  also  that  the 
friction  may  be  further  reduced  by  means  of  lubricating  substances.  When  the 
sliding  motion  in  machinerv  is  not  in  a  rectilinear  direction,  but  arises  from  the 
revolution  of  axes  in  their  bearings,  a  great  part  of  it  may  be  converted  into  a 
rolling  motion  by  supporting  the  axes  upon  the  peripheries  of  four  wheels  instead 
of  the  usual  fixed  hearings ;  an  instance  of  this  is  seen  in  the  elegant  machine 
invented  by  Mr.  Atwood  for  illustrating  the  laws  by  which  the  descent  of  falling 
bodies  is  regulated.  But  although  friction  detracts  fh>m  the  effect  of  machines, 
and  it  is  therefore  generally  an  object  to  reduce  it  to  the  utmost,  yet  the  action 
of  some  parts  of  machineiy  depends  upon  friction,  as  in  the  case  of  the  brake 
of  a  crane  or  the  drag  of  a  coach.  For  light  machinery,  also,  wheels  are  some- 
times made  to  turn  by  contact,  by  sim^y  covering  their  periphery  with  buff 
leather,  the  resistance  of  the  work  not  being  sufficient  to  overcome  ue  friction 
between  the  two  surfaces. 

FRIT.  The  matter  or  ingredients  of  which  glass  is  made,  after  the^  have 
been  calcined  in  a  furnace.  These  ingredients  are  chiefly  soda  and  flint,  or 
silicious  sand. 

FRIZING  OF  CLOTH.  A  term  applied  to  the  forming  the  nap  of 
woollen  cloth  into  a  number  of  little  hard  burs  or  prominences  covering  almost 
the  whole  of  the  ground.  It  is  commonly  performed  by  a  machine  or  mill 
worked  by  water  or  horses ;  the  structure  is  as  follows : — ^The  principal  parts 
are  the  frizer,  the  frizing  table,  and  the  drawer  or  beam ;  the  two  first  are 
two  equal  planks  or  boards,  each  about  ten  feet  long  and  fifteen  inches  broad, 
differing  only  in  this,  that  the  frixing  taUe  is  covered  with  a  coarse  kind  of 
woollen  8tu#,  with  a  rough  sturdy  nap,  and  the  fHxer  is  incrustated  with  a  kind 
of  cement,  composed  of  glue,  gum  arabic,  and  a  yellow  sand,  with  a  little  aqua 
yitse,  or  urine.  The  beam  or  drawer,  thus  called  because  it  draws  the  stuff 
from  between  the  frixing  table  and  the  frixer,  is  a  wooden  table,  beset  all  over 
with  little,  fine,  short  points  or  ends  of  wire,  like  those  of  cards  used  in  carding 
of  wool.  The  doth,  being  stretched  along  the  frixing  table  with  that  side  upper- 
most which  is  to  be  frixed,  is  drawn  slowly  over  the  table  by  the  beam  or  drawer, 
whilst  the  frixer,  which  is  suspended  at  such  a  distance  from  the  table  as  merely 
to  allow  the  cloth  to  pass  between  the  two  surfaces,  and  which  has  a  very  slow 
semicircular  motion,  meeting  the  long  hairs  or  naps  of  the  doth,  twists  or  rolls 
them  into  little  nobs  or  burs ;  the  workman  supplying  and  stretching  the  cloth 
at  one  end  of  the  table  as  fast  as  it  is  drawn  forward  by  the  drawer  at  the 
other  end. 

FROST.  Such  a  state  of  the  atmosphere  as  causes  the  congelation  or 
fireexing  of  water  or  other  fluids  into  ice.  in  the  more  nordiem  parts  of  the 
world  even  solid  bodies  are  affected  b^  frost,  though  this  is  only  or  chieflv  in 
consequence  of  the  moisture  they  contain,  which  hemg  froxen  into  ice,  and  so 
expanding,  as  water  is  known  to  do  when  froxen,  it  bursts  and  rends  any  thing 
in  which  it  is  contained,  as  plants,  trees,  stones,  and  large  rocks.  Many  fluids 
expand  by  frost,  as  water,  which  expands  about  one  tenth  parl^  for  which  reason 
ice  floats  in  water ;  but  others  again  contract,  as  quicksilver,  and  thence  firoien 
quicksilver  sinks  in  the  fluid  metaL 

FRUSTRUM,  in  Geometry,  is  the  part  of  a  solid  next  the  base  left  fay 
cutting  off  the  top  or  segment  by  a  plane  parallel  to  the  base,  as  the  fhistrum 
of  a  cone,  a  pyramid,  a  conoid,  or  of  a  sphere,  which  is  any  part  comprehended 
between  two  parallel  circular  sections ;  and  the  middle  frustrum  of  a  sphere  if 
that,  whose  ends  are  equal  circles. 

FUEL.  Those  substances  which  receive  and  retain  fire  .until  they  are  wholly 
or  nartially  consumed.  Dr.  Black  divided  fuel  into  five  classes.  The  first  ooia* 
prenends  the  fluid  inflammable  bodies;  the  second,  peat  or  turf;  the  thti4 
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charcoal  of  wood ;  the  fourth,  pit  coal  charred ;  and  the  fifth,  wood  orpit  coal 
in  a  crude  state,  and  capable  of  yielding  a  copious  and  bright  flame.   The  fluid 
inflammables  are  consiaered  as  distinct  from  the  solid  on  this  account— that 
they  are  capable  of  burning  upon  a  wick,  and  become  in  this  way  the  moat 
manageable  sources  of  heat,  tnough,  on  account  of  their  price,  they  are  never 
employed  for  producing  it  in  great  quantities,  and  are  only  used  when  a  gentile 
or  small  degree  of  heat  is  sufficient    The  species  which  belone  to  this  class 
are  alcohol  and  the  different  oils.    The  first  of  these,  alcohol,  when  pure  and 
free  of  water,  is  as  convenient  and  manageable  a  fiiel  for  producing  moderate 
heats  as  can  be  desired ;  its  flame  is  perfectly  clean  and  free  from  any  kind  of 
soot;  it  can  easily  be  made  to  bum  slower  or  faster,  and  to  produce  less  or  more 
heat,  by  changing  the  size  or  number  of  wicks  upon  which  it  burns ; — for 
as  long  as  these  are  fed  with  spirit  in  a  proper  manner,  they  continue  to  yield 
flame  of  precisely  the  same  strength.    The  cotton,  or  other  materials  of  which 
the  wick  is  composed,  is  not  scordied  or  consumed  in  the  least,  because  the 
spirit  with  which  it  is  constantly  soaked  is  incMiable  of  becoming  hotter  than 
1 740  Fahr. ;  it  is  only  the  vapour  which  arises  uom  it  that  is  hotter,  and  this, 
too,  in  the  parts  most  remote  from  the  wick,  and  where  only  the  combustion  is 
going  on,  in  consequence  of  communication  and  contact  with  the  air.    At  the 
same  time,  as  the  alcohol  is  totally  volatile  it  does  not  leave  any  fixed  matter, 
which,  by  being  accumulated  on  the  wick,  might  render  it  foul  and  fill  up  its 
pores ;  the  wick,  therefore,  continues  to  imbibe  the  spirit  as  freely,  after  some 
time,  as  it  did  at  the  first.    These  are  the  qualities  of  alcohol  as  a  fuel:  but 
these  qualities  belong  only  to  a  spirit  that  is  very  ptnre.     If  it  be  weak,  and 
contain  water,  the  water  does  not  evaporate  so  fiut  from  the  wick  as  the  more 
spirituous  part,  and  the  wick  becomes,  after  some  time,  so  much  soaked  with 
water  that  it  does  not  imbibe  the  spirit  properly  :   the  flame  becomes  much 
weaker,  or  is  altogether  extinguished.     When  alcohol  is  used  as  a  fuel,  there- 
fore, it  ought  to  be  nuide  as  strong  or  as  free  from  water  as  possible*    Oils, 
though  capable  of  burning  Jn  a  smtilar  manner  to  alcohol,  are  not  so  conve- 
nient in  many  respects ;  the  soot  which  they  emit  accumulates  at  the  bottom  of 
the  vessel  expoeea  to  it,  and  checks  the  transmission  of  heat.    By  employing 
numerous  venr  small  wicks,  or  the  argand  burners,  we  may  chiefly  prevent  the 
formation  and  deposit  of  soot ;  but  the  wicks  become  scorched  or  charred,  and 
are  soon  renderea  incapable  of  absorbing  the  oil  so  fast  as  before.    Attempts 
have  been  made  to  obviate  this  difficiuty  by  making  wicks  of  incombustible 
matter,  as  asbestos  or  wire ;  nevertheless,  as  the  oil  does  not  totally  evaporate, 
a  smaU  quantity  of  gross  carbonaceous  matter  fixes  itself  to  Uie  wicks  wluch, 
by  degrees,  absorb  less  and  less  of  the  fluid,  until  they  become  quite  useless. 

The  second  class  of  fuel  mentioned,  peat  or  turf,  is  so  spongy,  that,  compared 
with  the  more  solid  fiiels,  it  is  unfit  to  be  employed  for  producing  strong  heats. 
It  is  too  bulky  for  this ;  we  cannot  put  into  a  furnace  at  a  time  a  quantity 
that  corresponds  with  the  ^uick  consumption  that  must  necenarily  go  on  when 
the  heat  is  violent.  There  is,  no  doubt,  a  great  difference  in  this  respect  among 
different  kinds  of  peat,  but  this  is  the  general  character  of  it ;  however,  when 
we  desire  to  produce  and  keep  up  bv  means  of  cheap  fuel  an  extremely  mUd 
uniform  heat,  we  can  hardly  use  any  thing  better  than  peat ;  but  it  is  heat  to  have 
it  previously  charred  or  bmrnt  to  a  Uaek  coaL  When  prepared  in  this  manner 
it  IS  capable  of  being  made  to  bum  more  slowly  and  gently,  or  will  bear,  without 
heme  extinguished  altogether,  a  greater  diminution  of  the  quantity  of  air  with 
whicn  it  is  supplied  than  any  other  of  the  solid  fuels.  According  to  Gement 
and  Desormes  peat  affords  only  about  one-fifth  of  the  heat  that  is  given  out  by 
an  equal  weight  of  charcoaL  Mr.  Tredgold  states,  that  the  weight  of  a  cubic 
foot  varies  from  44  to  70  pounds,  and  that  the  dense  varieties  afford  about  40 
per  cent  of  charcoal ;  the  other  varieties  nearly  in  proportion  to  their  density. 

The  third  class  mentioned,  the  charcoal  of  wood,  is  capable  of  affording  an 
intense  heat.  Mr.  Dalton,  bv  heating  water,  obtained  a  result  equivalent  to 
melting  40  lbs.  of  ice  with  1  lb.  of  charcoal.  Dr.  Crawford's  experiments  give 
69  lbs.  of  ice  melted  by  1  lb.  of  charcoal.  Lavoisier,  Clement,  and  Desormes, 
about  05  lbs« ;  and  Hassenfratz,  92  lbs.     Mr.  Tredgold  considers  47  lbs.  of  ice 
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melted  to  be  the  real  aTenge  efleet  of  1  lb.  of  chaiooel :  a  cnbie  loot  wc^gbi 
about  15  Ibt. 

The  foarth  mentioned  daM  of  Inel,  pit  coal  chaired  or  coke,  poiieMce 
nmilar  )yropeities  to  wood  charcoal,  although  it  ia  a  much  itronger  fuel, — that 
ii,  it  contains  the  combustible  matter  in  a  more  condensed  form ;  it  is,  there- 
fore, consumed  much  more  slowly,  and  is  better  adapted  for  lonff-continued 
intense  heats.  It  hai^  howcTer,  a  defect,  from  which  wood  charoou  is  free ;  it 
leaves  dense  ashes  in  the  grate,  which  in  time  collect  in  such  ^antity  as  to 
obstruct  the  passage  of  the  air;  and  when  the  heat  is  intense,  these  ashes 
vitrify  into  a  tenacious  substance,  which  dogs  the  funiace.  It  is  preferable  to 
wood  coal  for  melting  metals,  as  affinding  a  greater  quantity  of  heat  before  it 
is  consumed,  and  at  a  less  expense. 

The  fifth  class  of  fuel,  according  to  Dr.  Black,  is  wood  and  crude  coal ;  these 
differ  from  their  charcoals  in  afibnling  copious  and  bright  flames  when  plenty 
of  air  is  admitted  to  them.  If  but  little  air  be  admitted  sooty  vapours  are 
given  out  without  flame,  and  with  greatly  diminished  heat  Wood  and  candle 
coal  do,  however,  differ  from  each  other  so  much,  as  respects  their  usefiil  pro- 
perties in  manufiiicturinff  operations,  that  we  deem  it  necessary  here  to  drop  the 
generalization  of  Dr.  Buck,  and  consider  wood  and  coal,  and  the  varieties  of 
each,  separately.    First,  aa  reniects— 

Wood:  its  effect  in  producmg  heat  depends  greatlv  on  its  state  of  dryness. 
Several  experiments  made  by  Count  Ruinford  snow  the  eflfect  of  dry  wood  to 
be  much  greater  than  that  of  unseasoned ;  the  latter  containing  about  one-third 
of  its  weight  of  water.  The  kind  of  wood  is  also  a  cause  of  some  difference ; 
lime-tree  wood  was  found,  by  Count  Rumford,  to  give  out  most  heat  in  burn- 
ing. With  lib.  of  dry  pine-wood,  the  Count  caused  20.10  lbs.  of  ice-cold 
water  to  boil.  The  same  weight  of  dry  beech  made  only  14.33  lbs.  of  ice-cold 
water  to  boil.  A  cubic  foot  of  dry  beech  weighs  about  49  lbs.  By  the  experi- 
ments of  Fossombroni,  wood  was  found  capaUe,  by  ite  combustion,  to  evap(h> 
rate  twice  its  weight  of  water,  or  to  prepare  two-thirds  of  its  weight  of  salt 
Rumford  made  the  effect  about  one-third  more  than  Fossombroni,  owing,  po^ 
sibly,  to  superior  management  in  the  former.  ^  an  experiment  made  at  the 
Opera  House,  in  Paris,  160  lbs.  of  wood  were  found  to  be  equal  in  effect  to 
58  lbs.  of  coke. 

As  respecte  coal,  there  is  a  considerable  difference  in  the  effects  of  the  several 
varieties.  The  calung  or  binding  coal  with  which  London  is  supplied  from  the 
great  coal  fields  in  Northumberland  and  Durham,  under  the  general  name  of 
Pl^ewcastle  coal,  is  much  esteemedi  from  its  affinding  a  great  heat,  and  burning 
with  a  lively  flame ;  but  those  of  Wall's  End  are  reguded  as  superior  to  the 
latter  for  domestic  use,  as  they  bum  with  a  whiter  and  more  brilliant  flame,  and 
do  not  cake  so  hard  in  the  grate.  The  Tanfield  Moor  coals  are  preferred  for 
forges  and  fomaces,  as  they  bum  slowly,  and  afford  a  strong  and  long  continued 
heat.  From  the  experiments  of  Mr.  Watt,  it  appears  that  a  bushel  of  New- 
castle coal,  which  weighs  about  84  lbs.  is  competent  to  convert  from  8  to  12 
cubic  feet  of  water  into  steam,  from  the  mean  temperature  of  the  atmo^here ; 
and  that  a  bushel  of  Swansea  coal  will  produce  the  same  effect  Dr.  Black 
states,  7.91  lbs.  of  the  best  Newcastle  coals  will  convert  one  cubic  foot  of  water 
into  steam  capable  of  supporting  the  mean  pressure  of  the  atmo^here ;  and 
this  statement  appears  perfectly  to  accord  with  the  more  extended  experiments 
of  Watt  Smeaton  makes  it  require  11.4  lbs.  of  coal  to  produce  the  same 
result  in  steam ;  but  Smeaton  has  omitted  to  state  the  kind  of  coaL  If  he 
employed  the  Staffordshire  coal,  there  is  no  discrepancy,  as  will  appear  firom 
the  table  of  Mr.  Tredgold's  experiments  and  calculations,  which  we  snail  subse- 
quently insert  in  this  article.  Mr.  Tredgold  found,  that  after  the  brickwork,  &c. 
of  the  boiler  of  a  steam-engine  was  warmed,  a  little  less  than  1  lb.  of  Wall's  End 
coals  would  make  a  cubic  foot  of  water  boil,  from  the  mean  temperature  of 
52o.  To  produce  the  same  effect  with  inferior  coals  a  stronger  draft  and  more 
time  and  attention  arc  necessary.  Splint  coal,  or  hard  coal,  called  by  Kirwan 
slaty  cannel  coal,  is  regarded  as  equally  valuable  for  many  purposes  aa  the 
Newcastle  caking  coal.    It  does  not  produce  so  much  flame  nor  so  much 
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imoke ;  it  does  not  kindle  so  quickly,  nor  does  it  agglutinate,  like  caking  coaL 
A  large  body  of  splint  coal  maxes  a  strong  and  lasting  fire.  Cherry  coa1«  or 
soft  coal,  readily  catches  fire,  and  bums  with  a  clear  yellow  flame,  givinff  out 
much  heat,  and  the  flame  continues  till  nearly  the  whole  coal  is  consumed.  It 
bums  away  more  rapidly  than  either  caking  or  splint  coal,  and  leaves  a  white 
ash ;  it  is  easily  distinguished  ftom  caking  coal  by  its  not  melting  or  becoming 
soft  when  heated ;  it  makes  a  more  agreeable  fire,  and  does  not  require  to  be 
stirred.  It  requires  care  and  management  in  an  open  grata,  even  to  bum  the 
small  fragments  which  are  made  in  breaking  up  the  pieces  to  a  fit  size  for  the 
fire :  hence  the  small  coab  are  often  mixe3  with  clay,  and  made  into  balls. 
When  these  balls  are  dry,  Mr.  Gray  says,  they  make  an  excellent  addition  to 
the  fuel  for  an  open  fire,  producing  a  very  durable  heat  Mr.  Watt  calculated 
that  112  lbs.  of  these  coals  produced  the  same  effect  in  raising  steam  as  84  lbs. 
of  the  Newcastle  coal. 

Tlie  following  table,  by  Mr.  Tredgold,  shows  the  comparative  and  real  effect 
of  the  principal  varieties  of  solid  fuel  in  converting  water  into  steam. 


Kfnd  of  fuel. 

Fraction  of  ■  pound  that 
will  heat  ooe  cubic  foot 
of  water  ooe  degree  of 
PahrenhcU'*  scale. 

Poaoda  of  ftael  that 

will   convert   one 

cubic  fuot  of  water 

into  steam. 

Newcastle,  or  caking  coal 

Splint  coal 

Staffordshire  cherry  coal . 
Wood  (dry  pine)     .     .     . 

„      (dry  oeech)       .     . 

„  (dry  oak)  ,  •  •  • 
Peat  of  good  quality    .     . 

Charcoal 

Coke 

Charred  peat     .... 

0.0075 
0.0075 
0.0100 
0.0172 
0.0242 
0.0265 
0.0475 
0.0095 
0.0069 
0.0205 

8.40 
8.40 
11.20 
19.25 
27.00 
30.00 
53.60 
10.60 
7.70 
23.00 

Mr.  S.  F.  Gray  is  of  opinion  that  fire-balls,  of  the  sise  of  goose  eggs,  composed 
of  coal  and  charcoal  in  powder,  mixed  with  a  due  proportion  of  wet  clay,  and 
well  dried,  would  make  a  much  more  cleanly  and  in  all  respects  apleasanter  fire, 
than  can  be  made  with  crude  coals,  and  not  more  expensive.  He  states,  that  in 
Flanders  and  Germany  the  practice  of  making  equal  weights  of  clay  and  coals 
together,  and  forming  them  into  cakes,  is  common,  and  that  the  labour  of  the 
preparation  is  amply  repaid  by  the  improvement  of  the  fuel,  the  coals  thus  mixed 
Duraing  much  longer,  and  giving  more  heat,  than  when  they  are  burnt  in  their 
erode  state ;  that  although  clav  is  an  incombustible  body,  the  fact  is  certain 
that  coals  so  mixed  afford  more  neat  For  the  purpose  of  lighting  a  fire  speedily, 
Mr.  Gray  recommends  the  formation  of  *'  kindline  balls,  composed  of  equal 
parts  of  coal,  charcoal,  and  day,  the  two  former  reduced  to  a  fine  powder,  well 
mixed  and  kneaded  with  clay  moistened  with  water,  and  then  formed  into 
balls  of  the  size  of  hens'  eggs,  and  thoroughly  dried,  which,  he  says,  may  be  used 
with  great  advantage,  instead  of  wood.  These  kindling  baUs,  he  fbrther  observes, 
may  be  made  so  inflammable  as  to  take  fire  in  an  instant,  and  with  the  smallest 
spark,  by  dipping  them  in  a  solution  of  nitre,  and  then  drying  them  again ;  if 
made  of  pure  charcoal  mixed  with  a  solution  of  nitre,  they  would  be  still  more 
inflammaole.  In  situations  where  coals  are  scarce  or  dear  we  think  that  the 
mixtures  recommended  by  Mr.  Gray  might  be  found  convenient  and  economical; 
but  when  it  is  considered  that  the  average  price  of  coals  in  England  is  not  more 
than  a  shilling  for  a  hundred  weieht,  we  can  hardly  conceive  it  possible  that 
the  same  weight  of  fire-balls,  of  the  size  of  hens'  eegs,  could  be  manufactured 
for  the  sum  mentioned.  It  would  appear,  firom  Mr.  Gray's  remarks,  that  he 
was  not  aware  that  several  patents  had  previously  been  tsiken  out  for  the  very 
objects  mentioned  by  that  gentleman;  and  although  the  advantages  of  them 
may  not  be  very  apparent  in  most  situations,  there  are  doubtless  many  localities 
where  it  may  he  otnerwise ;  for  the  latter  reason  we  shall,  therefore,  insert  a 
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brief  notice  of  tome  of  diem.  Mr.  SuDdcdand's  patent  dated  1825,  is  ibr  a 
file],  in  which  gas-tar,  day,  and  refuse  woodjr  matter,  are  combined  in  variooi 
proportions,  according  to  the  degree  of  inflammability  rcii|oired.  One  part  of 
gas-tar,  one  of  clay,  and  two  parts  of  any  convenient  woody  matter,  such  as 
saw-dittt,  tannera'  spent  bark,  dyers*  refuse  wood,  or  peat,  burn  extremdy  weU. 
If  equal  parts  of  the  tar,  clay,  and  saw-dust  be  employed,  they  make  a  com- 
position which  bums  Tividly  and  with  a  brilliant  flame.  The  materials  are,  of 
coune,  to  be  thoroughly  mixed,  made  up  into  himpa,  and  dried  either  artiflcially 
or  in  the  open  air,  preparatory  to  their  bein^  used  as  fuel.  Messrs.  Christie 
and  Harper's  patent,  dated  1824,  was  for  various  mixtures  of  culm  and  stone 
coal  (or  anthracite)  with  Intnminous  or  caking  coal,  depending  upon  the  nature 
of  the  heat  reouired ;  for  the  boiler  furnaces  of  ileam  ^leines,  where  the  bars 
are  half  an  incn  apart,  the  patentees  state  that  one-fburtn  of  the  bituminous 
coal  answers  well  for  invigorating  the  other  three-fourths.  In  1800  Mr.  Peter 
Devey  bad  a  patent  for  an  improved  artificial  fuel,  and  the  same  gentleman,  in 
1821,  had  another  patent  for  rael  balls,  the  particulars  of  which  will  be  found 
in  the  roecifications  of  their  patents  in  the  Inrolment  offices  in  Chancery. 
FULCRUM,  in  Mecbanics,  the  prop  or  support  upon  which  a  lever  turns. 
FULLER'S  EARTH.  A  sof^  grevish  brown,  dense  marl.  When  dry  it  is 
of  a  ereyish  ash-coloured  brown,  in  all  degrees,  firom  very  pale  to  almost  black, 
and  It  has  generally  something  of  a  greenish  cast ;  it  is  of  a  compact  texture, 
smooth  to  the  toucn,  and  does  not  stain  the  fingers.  Thrown  mto  water  it 
makes  no  ebullition  or  hissing,  but  swells  gradually  in  bulk,  and  fidls  into  a  fine 
soft  powder.  Fuller's  earth  is  of  great  use  in  scouring  cloths,  stuffs,  ^c.,  imbibing 
all  tne  grease  and  oQ  used  in  preparing  and  manufacturing  the  wool ;  but  owing 
to  the  almost  general  use  of  soap  for  tbese  purposes,  it  is  not  now  in  sucn 
request  in  this  countiy  as  formerly.  In  England  it  is  found  chiefly  in  Hamp- 
shire, Bedfordshire,  and  Surrey ;  it  consists  of— 

Silex 51.8 

Alumine 25.0 

Lime 8.3 

Magnesia 0.7 

Oxide  of  Iron • 3.7 

Water       15.5 

100. 

FULLING.  A  process  by  which  woollen  cloths  are  divested  of  the  oil  they 
imbibe  by  the  operation  of  carding,  and  the  texture  at  the  same  time  rendered 
much  closer,  firmer,  and  stronger.  This  process,  also  called  milling,  is  per- 
formed by  a  mill,  thence  called  a  fulling  mill,  the  machinery  of  which  oonsista 
of  a  number  of  wooden  stampers  or  beetles,  working  in  a  lara^e  trough  by 
means  of  cams  or  wipers  on  the  shaft  of  a  water  wheeL  The  cloths  are  laid 
in  the  trough,  and  a  quantity  of  warm  water,  in  which  is  put  a  portion  of  fuller's 
earth  or  soap,  being  poured  upon  it,  it  is  subjected  to  the  action  of  the  stampers, 
the  repeated  blows  of  which  cause  the  fibres  to  felt  and  combine  more  closely 
together.  After  a  time  it  is  taken  out,  and  the  grease  and  filth  wrung  therefirom, 
and  again  returned  to  the  fulling  mill,  from  which  it  is  occasionally  taken  to  be 
stretched,  and  to  undo  the  plaits  it  has  acquired  in  the  trough.  When  it  is 
sufiiciently  milled  and  brought  to  the  quality  and  thickness  denred,  it  is  scoured 
in  the  trough  in  clear  water  until  perfectly  clean,  after  which  it  is  hung  upon 
tenter-hooks  to  dry* 

FULMINATING  POWDERS.  A  variety  of  chemical  combinations, 
which  explode,  by  the  application  of  certain  degrees  of  heat,  with  instantaneous 
combustion  and  prodigious  noise.    See  Detonating  Powders. 

FUMIGATION.  A  process  for  destroying  contagious  miasmata  or  effluvia, 
by  the  fumes  of  various  substances.  The  most  efiicacious  substance  for  this 
purpose  is  chlorine,  which  may  be  readily  applied  in  the  state  of  gas  by  placing 
m  the  apartment  to  be  fumigated  an  earthen  pan,  containing  sea  salt  and  black 
oxide  of  manganese,  and  pouring  dilute  oil  of  vitriol  upon  the  mixtive ;  but  a 
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solution  of  chloride  of  lime  ii  generally  preferred.  Next  to  chlorine  in  efficiency 
IS  the  vapour  of  nitric  acid ;  and,  last^,  of  muriatic  acid ;  but  tlie  fumes  of 
heated  vinegar,  burning  sulphur,  or  exploded  ^npowder,  deserve  little  confidence. 

FUNNEL.  A  conical  or  bell-moutlied  mstrument  with  a  narrow  tube,  for 
facilitating  the  transferring  of  liquids  or  small  substances  from  one  vessel  to 
another.  Any  pipe  or  passage  is  sometimes  called  by  this  name,  in  particular 
the  small  shaft  or  tube  of  a  flue. 

FUR,  in  Commerce,  signifies  the  skins  of  several  roecies  of  animals,  dressed 
in  alum,  with  the  hair  on,  and  used  for  the  purposes  of  dress.  The  kinds  mosdy 
made  use  of  are  those  of  the  ermine,  sable,  beaver,  hare,  rabbit,  &o.  The  fur, 
properly  so  called,  of  various  amphibious  animals,  as  the  seal  and  beaver,  is 
protected  by  a  coating  of  long  coarse  hair ;  this  hair  requires  to  be  removed 
prior  to  the  short  fur  being  sheared  off  for  the  purpose  of  covering  hats.  This 
IS  generally  effected  by  hand,  for  which  purpose  women  and  children  are  em- 
ployed ;  but  a  patent  nas  recently  been  obtamed  by  Mr.  A.  Bell  for  a  machine 
for  performing  the  operation,  the  mechanical  arrangements  of  which  appear 
to  be  simple  and  effective.  The  skin  passes  round  a  projecting  bed,  and  u 
advanced  oy  machinery  arranged  for  that  purpose,  the  tension  of  ttie  skin  being 
duly  maintained  by  weights.  In  front  of  the  projecting  bed  are  two  cylinders 
of  greater  length  than  the  width  of  the  skins,  and  four  or  five  inches  in  diameter. 
Over  the  circumference  of  each  of  these  cylinders,  but  in  contrary  directions, 
is  wound,  in  a  spiral  line,  a  projecting  rib ;  each  of  these  ribs  makm?  only  one 
revolution  of  the  cylinder  in  spirally  traversing  its  entire  length.  These  cylin- 
ders are  driven  by  means  of  a  rigger  on  the  axis  of  the  lower  one,  ana  are 
placed  so  near  to  each  other  as  to  occasion  the  ribs  to  come  in  contact  and  to 
press  whatever  hair  or  fur  comes  between  them.  As  the  skin  is  drawn  forward 
over  the  edge  of  Ihe  projecting  bed  the  long  hairs  stand  nearly  at  right  angles 
to  the  ribs  on  die  cybnders,  wnich,  in  their  revolution,  forcibly  seize  the  hairs, 
and  extract  the  same.  In  order  that  the  pressure  of  the  ribs  may  be  somewhat 
elastic,  and  take  better  hold  of  the  hairs,  they  are  covered  with  leather. 

FURLONG.  A  measure  of  length,  equal  to  the  eighth  part  of  a  mile,  or  forty 
poles. 

FURNACE.  A  vessel  or  apparatus,  wherein  fuel  is  burnt  in  chemical,  mana- 
fiwturing,  and  culinary  operations.  Furnaces  are  as  various,  and  even  more  so, 
than  the  particular  objects  for  which  they  are  designed ;  to  accomplish  these  so 
that  they  shall  perform  their  offices  in  the  most  economical  and  convenient 
manner,  is  the  proper  study  of  those  who  have  to  construct  or  employ  them. 
The  proper  choice  of  materials,  adapted  to  the  degree  of  heat  and  other  circum- 
stances, IS  also  of  iht  greatest  importance ;  indeed,  the  resulting  products  of 
furnaces  greatly,  and  often  wholly,  depend  upon  the  combined  application  of 
chemical  knowledge,  manufacturing  experience,  and  inventive  skilC  The  fol- 
lowing appear  to  be  the  essential  qualincations  of  a  good  furnace :  first,  to  be 
able  to  concentrate  the  heat,  and  direct  it  as  much  as  possible  to  the  sub- 
stances to  be  acted  noon ;  second,  to  prevent  the  dissipation  of  the  heat  after 
it  is  produced ;  third,  to  obtain  the  greatest  quanti^  of  heat  from  a  given 
qnannty  of  fuel;  fourth,  to  be  able  to  regulate  at  pleasure  the  necessary 
aegree  of  heat,  and  have  it  wholly  at  the  onerator's  management  Under  the 
orncles  Boilbe,  Iron,  Air,  Foundry,  ana  various  others  that  occur  in  this 
work,  numerous  practical  examples  are  given  of  the  construction  of  fhmaces ; 
it  will  therefore  be  our  business,  under  the  present  head,  to  supply  the  defi- 
ciencies that  are  left  on  the  subject,  which  we  snail  premise  bv  some  observations 
on  the  nature  and  proper  construction  of  furnaces  m  ffenerai.  In  the  construc- 
tion of  furnaces  for  boilers  every  thing  should  be  combined  that  has  a  tendency 
to  add  to  the  effect  of  the  fbel,  and  to  avoid  that  which  is  calculated  to  diminish 
its  effect ;  but  without  a  knowlede;e  of  the  nature  of  burning,  we  should  be 
like  seamen  traversing  the  ocean  without  a  compass.  When  a  portion  of  fuel  is 
ignited  in  a  dote  fire-place  it  must  be  supplied  with  air  to  enable  it  to  bum : 
and  the  fuel  itself  in  the  process  of  hummg  is  partly  converted  into  easeous 
matter,  which  escapes  up  the  chimney  with  a  portion  en  the  air  supplied  to  the 
fire ;  but  the  greater  part  of  the  air  so  supplied  ought  (as  Mr.  Tredgold  observes) 
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to  be  changed  in  the  proceti,  by  its  oxygen  uniting  with  the  carbon,  and  other 
combustible  parts  of  tne  Ihel,  fonning  ^ibonic  acM  gas,  vapour,  &c.  Now,  in 
order  that  perfect  combustion,  or  burning  of  the  fuel,  may  take  place,  the  air 
should  have  free  access  to  everr  part  of  the  fuel,  which  is  heatea  sufficiently 
to  bum ;  as  fuel  must  be  heated  m  a  certain  d^ree,  otherwise  its  elements 
will  not  combine  with  the  oxygen  of  the  air.  And  we  see  clearly  the  advan- 
tages of  a  regular  supply  of  fuel:  this  advantage  is  greater  in  proportion  to  the 
quantity  of  hydrogen  contained  in  the  same ;  tor  if  a  large  body  of  such  fuel  be 
at  once  put  upon  the  fbe,  much  of  the  hydrogen  wiU  esa^  in  a  gaseous  state 
unconsumed,  carrying  off  with  it  a  very  consideiaUe  portioa  of  heat;  whereas 
if  the  fud  be  thinly  scattered  over  the  surface  of  the  fore  part  of  die  fire  the 
hydrogen  would  most  likely  be  consumed  in  passing  over  the  red  hot  emben  in 
the  after  part  of  the  fire,  and  the  product  go  off  in  steam  ;  and  that  the  latent 
heat  of  such  steam  may  not  be  lost,  it  will  he  desirable  to  have  a  horiiontal  flue 
of  metal  for  the  smoke  to  pass  along  after  it  has  left  the  boiler,  when  the  steam 
can  be  condensed,  and  the  heat  applied  to  warm  water  for  the  boiler  or  other 
useful  purposes.  But  to  succeed  m  consuming  the  combustible  gases,  it  is 
necessary  that  theyshould  mix  with  the  air  that  has  become  hot  by  passing  (as 
expressed  by  Mr.  Watt,  in  the  specification  of  his  patent  in  1785,)  "through, 
over,  or  among,  fuel  that  has  ceased  to  smoke,"  or  by  being  drawn  through  small 
flues  or  channels  in  the  brickwork  round  the  fire,  in  such  a  manner  as  to 
be  heated  before  it  mixes  with  the  gas  to  be  consumed ;  but  unless  hydrogen, 
or  some  of  its  combinations,  are  constantly  passing  off,  the  introduction  of  a 
stream  of  air  into  the  fire-place  will  only  take  away  the  heat  firom  the  boiler; 
and  tfierefore  in  a  slow  fire,  consisting  chiefly  of  carbon,  it  will  do  more  harm 
than  good ;  while  in  a  quick  fire  of  cherry  coal,  or  cannel  coal,  in  which 
hydrogen  is  abundant,  it  must  be  a  gnsat  advantage,  and  particularly  when 
the  fire  is  regularly  supplied  with  fuel.  The  quality  of  the  air  to  supply  the 
fire,  Mr.  Tredgold  remarks,  is  worthy  of  bemg  ccmsidered,  although  any 
dirty  wet  hole  is  usually  esteemed  good  enough  for  the  fire  place.  Now 
the  air  ought  to  be  dry,  for  air  charged  with  moisture  is  improper,  and  only 
tekes  away  heat;  but  where  there  is  a  very  low  chimney,  and  consequently 
an  imperfect  draft,  some  water  in  the  ash-pit  will  increase  the  dnft,  by 
being  converted  into  steam  by  the  heat  of  the  ashes,  the  mixture  of  the  steam 
rendering  the  smoke  much  hghter  than  common  air.  The  air  should  be  cool 
when  it  enters  the  ash-pit,  that  it  may  pass  with  greater  velocity  through 
the  fire,  and  the  fire-place  shed  should  be  dry,  in  order  that  the  apparatus 
may  be  durable,  and  be  kept  in  order  with  little  attention.  The  opening  to 
admit  air  to  the  fire  should  be  sufiiciently  large  for  producing  the  greatest 
quantity  of  steam  that  can  be  required,  but  not  lareer,  and  it  should  be 
constructed  so  as  to  increase  in  size  as  it  approaches  Uie  fire.  The  area  of 
the  spaces  between  the  bars  should  clearly  be  much  ereater  than  the  area  of 
the  place  that  admits  air  to  the  fire.  Tlie  fire  should  be  made  imme&tely 
under  the  boiler  or  other  vessel  to  be  heated,  that  its  full  efiect  may  be  exerted 
upon  the  bottom  ;  and  after  quitting  the  fire,  the  mixture  of  flame  and  smoke 
should  pass  through  a  wide  and  shallow  aperture,  called  the  throat; — wide,  that 
it  may  spread  unoer  the  greatest  surface  of  the  boiler;  and  shallow,  that  it  may 
pass  through  with  considerable  velocity,  and  consequently  be  impelled  against 
the  bottom  of  the  boiler.  In  making  the  flue  circulate,  according  to  the  usual 
mode,  round  the  sides  of  a  long  boiler,  the  heat  never  extends  nir  enough  to 
render  it  effectual  throughout  its  length,  and  the  action  being  oblique  the 
advantage  gained  is  very  trifling ;  for  the  same  reasons,  the  mwng  or  a  flue 
to  return  through  the  boiler  offers  no  advantage  that  compensates  for  its  com- 
plexity of  construction,  since  the  heat  inay  as  well  be  confined  to  act  upon  the 
oottom,  and  have  less  depth  of  water.  The  depth  of  fuel  to  be  on  fire  at  the 
same  time  should  be  sufficient  to  ignite  the  fresh  fiiel,  without  unpairing  its 
action  on  the  boiler  in  a  sensible  degree.  From  the  observations  and  experi- 
ments made  by  Mr.  Tredgold  to  determine  this  point,  it  appears  that  the  depth 
of  burning  fUel  should  be  about  three  or  four  times  the  depth  of  what  is  adoed 
at  a  time  m  feeding  the  furnace ;  that  is,  four  times  when  you  feed  frequently. 
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and  three  times  when  you  feed  seldom ;  and  according  to  the  nature  of  the 
fuel,  there  will  he  greater  or  less  space  wanted  hetween  the  hars  and  the 
boilers.  In  the  construction  of  furnaces,  the  slowest  conductors  of  heat  should 
be  used;  some  metal  work  is  absolutely  necessary — that  is,  simply  the  bars  and 
a  frame  at  the  mouth,- where  the  fuel  is  put  in,  with  or  without  a  door;  in  the 
latter  case,  the  space  is  to  be  filled  with  fuel.  The  rest  of  the  brickwork  should 
be  built  with  hard  well  burnt  bricks ;  and  in  order  to  confine  the  heat  to  the 
boiler,  it  will  be  proper  to  leave  cavities  in  the  brickwork ;  and,  with  the  excep- 
tion of  the  necessary  ties,  to  form  a  double  wall,  with  a  hollow  space  between, 
keeping  the  maxim  of  Morveau  always  in  view — to  insulate  the  fire-place  iVom 
all  bodies  that  are  rapid  conductors  of  heat.  Between  the  fire  door  and  the  bars 
^ere  should  be  a  dead  space ;  on  this  the  fresh  coals  are  laid,  previous  to  their 
being  pushed  forward  on  the  grate,  which  should  not  be  done  until  they  have 
eiven  out  tbeir  gas  over  the  brighUy  ignited  fuel  on  the  bars.  This  dead  space 
IS  usudly  covereid  witb  an  iron  plate,  called  a  dead  plate,  but  it  is  preferable  to 
floor  it  with  fire  tiles,  as  the  latter  are  less  liable  to  anect  the  fittings  of  the  door 
and  frame.  The  bars  are  of  course  proportioned  to  the  size  of  the  furnace ; 
they  are  usually  from  1  ^  to  3  inches  in  depth,  and  the  thickness  varying  from 
f  to  li  inch ;  the  length  seldom  exceeds  three  feet ;  and  where  a  more  extended 
grate  is  required,  they  are  generally  laid  in  separate  lengths  upon  transverse 
I'Caring  ban,  which  receive  bc^  ends.  The  spaces  between  the  bars  are  from 
i  to  ^  an  inch.  The  whole  area  of  the  grating  should  be  about  one-fourth  the 
area  of  the  bottom  surface  of  the  vessel  to  be  heated;  each  foot  of  such  grating  is 
adapted,  according  to  Mr.  Tredgold's  calculations,  to  bum  one-eighth  ofa  bu»iel 
of  coal  per  hour.  The  same  area  will  answer  for  either  a  slow  or  a  quick  fire, 
but  in  a  slow  fire  a  greater  depth  of  fuel  is  necessary ;  and  also  for  equal  bulks 
of  any  other  kind  of  fuel,  the  same  area  will  apply  as  for  coals ;  but  it  will  be 
obvious  from  this  rule  that  the  areas  to  produce  equal  quantities  of  steam 
will  be  inversely  as  the  power  of  the  fuel.  The  damper  is  best  situated  at  the 
opening  into  the  flue ;  it  should  be  supported  in  its  slide  by  a  counterbalance 
weight,  and  its  action  be  rendered  easy  and  certain.  The  door  should  be  made 
to  shut  as  close  as  possible ;  but  there  is  a  difficulty  in  keeping  it  so,  when 
exposed  much  to  the  action  of  the  fire ;  they  are  best  defended  by  making 
them  double,  with  a  hollow  space  for  air  between  them.  Mr.  Atkinson's  mode 
of  constructing  them  is  good ;  he  rivets  on  the  inside  a  hollow  cast-iron  box, 
which  just  fits  the  doorway';  the  depth  of  the  sides  of  the  box  so  strengthens 
the  door  as  to  prevent  its  warping,  while  the  hollow  space  of  confined  air 
prevents  the  escape  of  heat  A  sliding  door,  balanced  by  a  weight,  in  the 
manner  of  a  sash  window,  has  many  advantages ;  it  is  more  easily  opened  and 
shut ;  is  out  of  the  way  when  open,  and  shuts  close :  when  any  uiing  is  to  be 
done  at  the  fire,  a  smaller  opening  suffices. 

Delatme'»  Furnace, — The  invention  of  a  mode  of  constructing  furnaces  cal- 
culated to  bum  all  the  smoke  given  out  by  the  fuel,  is  usually  attributed  to  our 
celebrated  countryman,  Mr.  James  Watt;  but  it  appears  from  the  volume  of  the 
Academy  of  Sciences,  at  Paris,  for  1699,  that  some  successful  experiments 
were  made  by  M.  de  la  Hire,  which  had  reference  to  an  invention  of  many 
years  previous  date,  by  Delasme,  a  French  engineer.  The  latter,  we  are  told, 
exhibited  his  furnace  for  consuming  its  own  smoke  at  the  fair  of  St  Germain, 
in  the' year  1685.  The  fire-place  of  Delasme  consisted  of  a  long  tube, 
bent  into  the  form  of  a  syphon,  and  inverted,  the  longest  leg  of  which  formed  a 
chimney,  and  the  shortest  the  fumace.  The  fhel  was  deposited  on  a  grating 
near  the  top  of  Uie  shortest  leg,  being  supplied  from  above.  Soon  after  the 
ignition  of  the  fiiel  the  heat  was  communicated  to  the  longest  leg  or  chimney, 
and  by  that  means  a  current  of  air  was  caused  to  pass  downward  through  the 
fuel,  and  under  the  grate,  where  the  smoke  was  consumed. 

Wati^s  Pa^tffi^.—- The  earliest  application  in  this  country  of  apparatus  for 
consuming  the  dense  smoke  of  fiirnaces,  that  we  are  acquainted  with,  is  the 
invention  of  Mr.  Watt  in  1785,  before  alluded  to.  It  is  thus  described  by  him  in 
his  specification  :  "  My  newly  improved  methods  of  constmcting  furnaces  or 
fire-places,  consist  in  causing  the  smoke  or  flame  of  the  fresh  fuel,  in  its  way 
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into  coke,  charcoal,  or  cinden,  and  which  U  iiit«nir1f  hot;  bj  which  i 
the  tnoke  and  stmmt  parti  of  the  flame,  by  coraiof  into  cloae  contact  wiio,  w 
b;  being  btonght  near  onto,  the  aaid  intenaely  hot  liial,  and  bj  being  Biised 
with  the  cumnt  of  freih  or  nnfannicd  aii,  an  connmed  or  eaovettrd  into  haat, 
or  into  pure  flame,  free  front  imokc.  I  put  Ihii  in  practice,  fiiit,  bj  itopping 
up  erery  aveoDe  or  puaace  to  the  chimnej  or  finea,  except  uch  ai  ai«  ItA  in 
the  intentice*  of  tlu  Am,  \rf  placing  the  ft«th  fuel  abore  at  neanr  to  the 
external  air  than  that  which  u  alreadj  conrcrted  into  coke  or  charcoal ;  and  br 
conitnicting  Ihs  fire-placei  in  nch  manner  that  the  flame  and  the  air  wbich 
animatei  the  fire  mart  paw  downwaida,  ot  laterally,  or  hM-iiontally,  thioosb 
the  burning  fuel,  and  pan  from  the  tower  nrt  or  internal  end  or  aide  of  the 


fire-place  to  the  fine*  or  chimneT."  Mr.  Watt  then  givei  an  example  and 
•  deacriplian  of  the  aralication  of  tfaii  principle  in  hii  ipeeification,  which  we 
do  not  here  iniert,  ai  there  haTa  been  aome  impraved  MTangementl  introduced 


which  we  shall  have  oceaaian  to  notice  elaewhere.      The  ipeeificatioii  nut 


proceed!  to  (tale  at  fUlow* :  "  In  aome  caaet,  after  the  flame  hai  paMcd  thriK^ 
-*    * — '-     ■   '    '  ■    ■  ■■        '  "^  -  '    -lel,  flue  I 

le  ftunao 

n^  concunied.     In  other  caiei,  1  caute  the  flame  to  paa 
immediately  from  the  fire-place  into  the  fpaee  under  a  boiler,  or  into  the  bed 


;  fhel,  I  cauw  it  to  paa*  throogh  a  v«y  hot  funni 
-  -■•the  bottom  of  the  boi"  -   '"^ .-».■- 

■roolte  ii  more  efiectnally  connuned.     In  oUier 


lea  to  the  bottom  of  ute  boiler,  or  to  the  part  of  the  frunace  where 
it  ii  propowd  to  melt  metal,  or  perform  anv  other  office,  by  which  a 


of  ft  melting  or  other  fiuuace."  We  annex  the  inventor's  example  of  this 
arrangement  of  the  fiimace,  as  it  ia  simpler  than  the  former,  end  equally  efTec- 
tive.    a  a  repreaenti  a  rerertMratory  fiimace,  for  melting  iron,  of  which  i  ia  the 


flue ;  e  i*  die  sah-pit,  and/  a  door  thereto ;  jr  i«  a  hopper-like,  receptacle  for 
the  fresh  fuel,  which  gradually  ginks  down  as  it  ii  cooiumed  beneath ; — about 
the  middle  of  this  maw  of  fuel  it  is  intensely  hot,  ai  i(  connata  of  coals  and 
coke  that  have  ceased  to  imoke.  At  ■  is  an  opening  or  openingt  lo  admit  fr«di 
air,  and  regulate  the  fire.  At  the  opposite  end  of  the  furnace  ia  anotfier  door, 
to  be  used  either  for  charging  the  furnace  or  Hopping  its  operation,  which  i* 
efilicted  by  the  counter  current  produced  by  the  openiiw  of  the  door.  The  fire 
is  Snt  lighted  upon  the  brick  arch  i,  and  when  weU  ignited,  more  ftlel  il 
gradually  added,  until  it  is  filled  up  toy,  care  being  taken  to  leave  pi^)eT 
intenticea  for  the  air  to  paw,  either  among  the  fuel,  or  between  the  (iiel  and 
Oie  l^t  wall ;  and  m  much  air  is  admitted  at  the  opeuing  i  as  can  be  don*, 
without  caHTlng  the  smoke  to  ascend  perpendicularly  from  g,  wbich  it  wouU 
do  if  too  much  be  so  admitted.     "  Occuionally  the  opening  at  y  is  doaed  with 


a  cow,  b>  euu*  Ae  air  to  enter  wholly  or  partiaU;  at  i."  By  thii  addition,  it 
wdl  be  noticad,  Mr.  Walt  first  applied  the  doied  hopper,  now  lo  much  uied 
in  the  feediD^  of  furnace*. 

The  following  figure  ezhibiti  aootbcr  adniirable  eontnrance  of  Mr,  Watt'a, 
whwh  many  niceeediDg  invealon  have  elaimed  a*  their  own,  ai  well  aa  that  plan 


already  deioribad.  Hr.WaUobifTvet,— "In  tome  eaaei  I  plane  the  fteih  flielon 
a  grate,  aa  usual,  aa  at  a,  and  beytrad  that  nate,  at  or  near  the  place  where  the 
flame  paM«  into  the  fluei  or  cmmneys,  I  place  another  imaller  grate  b,  on 
which  I  maintain  a  fire  of  cbarcoal,  coke,  or  coals,  which  have  been  pre*iouily 
burned,  until  they  have  ceased  to  smoke,  which  fay  giving  intense  heat,  and 
admitting  some  fresh  air,  consumes  the  imoke  of  the  last  Are." 

Thot^um't  PatenL — Mr.  Thompson  bad  a  patent  in  1790  for  a  furnace  on 
the  same  principle  as  Watt's,  but  it  was  a  less  deviation  from  the  otdbai7  con- 
stniction.  The  fire-bars  were  made  about  one  third  longer  than  usual,  and  at 
two-thirds  of  their  length  from  the  front  a  low  arch  was  thrown  acrou  the 
firfr^lace,  under  which  the  smoke  rushed  from  the  fore  part  of  the  fire,  and 
was  thus  impelled  throUKh  tome  intensely  heated  ooked  fiiel,  Ipng  under  and 
beyond  the  arch  upou  the  bars,  and  was  thereby  eonstuned.  By  the  manage- 
ment of  a  good  stoker,  this  fire-place  appears  to  us  calculated  to  aniwer  weU. 

Rabmotit  Patent — In  1801  Messrs.  Roberton,  of  Glasgow,  patented  some 
improrements  upon  Mr.  Watt's  plans,  which  rendered  the  apparatua  more  com- 

Slete  and  convenient  To  these  gentlemen,  indeed,  is  usually  attributed  the 
rat  tucceMfhl  application  of  the  principle  patented  by  Watt,  of  burning  the 
amoke  owing,  we  are  inclined  to  believe,  to  the  in«fierence  ti  the  public 
in  the  early  part  of  Mr.  Watt's  career  to  the  nuisance  of  denie  smoke ;  as, 
fiiwn  the  comparatively  small  number  of  ntgines  at  that  time,  the  adoption  of 
means  to  bum  the  smoke  was  not  so  much  sought  afler.  Joined  to  this  cir- 
cumstAnce  may  be  reckoned  the  unskilful  manner  in  which  bricklayers,  pre- 
tending to  an  adequate  knowledge  of  the  subject,  executed  the  work ;  which 
caused  the  principle  to  get  into  disrepute,  rather  than  the  bungline  attempts  to 
carry  it  into  eAcL  It  was,  in  consequence,  given  in  evidence,  by  numerous 
witoeMca  before  a  committee  of  the  House  of  Commons,  that  more  coait  atrt 
coKtuxied  bj/  btiniing  Aetmake  tian  aitomng  il  to  pau  of  tmeomtinittl  I  in  other 
words,  that  inflamed  gas  afforded  less  heat  than  cold  smoke.  The  probability 
is,  that  more  air  was  admitted  Aan  was  requisite  to  lupply  the  necessary 
quantity  of  o^gen  to  the  oarbonaceoui  matter,  and  that  iu  consequence  of  sucn 
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management,  the  temperature  of  the  furnace  or  of  the  boQer.was  redoeed, 
requiring  an  additional  quantity  of  fiiel  to  get  up  the  requisite  heat 

SkeffleUCs  PaietU.-^ln  the  year  1812,  Mr.  William  Evetto,  of  Sheffield,  toc^ 
out  a  patent  for  improved  reverberatoiy  furnaces  for  melting  metals,  in  which 
he  introduced  what  ne  termed  an  air  contbictor,  for  the  purpose  of  conveying  a 
stream  of  pure  air  upon  tlie  suifiices  of  the  metallic  substances  under  reduc- 
tion. This  air  conductor  consisted  of  a  vertical  passage  or  tube,  made  in  the 
bridge  or  wall  of  brickwork  at  the  back  of  the  furnace,  the  lower  end  of  which 
opened  into  the  ash  pit,  where  it  was  widened,  and  the  size  of  the  aperture 
regulated  by  a  valve,  which  valve  was  operated  upon  by  a  long  rod  passing 
through  the  front  enclosure  of  the  ash  pit ;  the  upper  extremity  of  the  air  tube 
or  passage  did  not  pass  vertically  through  the  briage,  but  had  a  horizontal  turn 
given  to  it,  by  which  the  iet  was  thrown  upon  the  substances  under  operation, 
or  against  the  current  of  neated  vapours,  before  they  passed  over  the  bridge ; 
and  this  minor  stream  of  fresh  air  was  found  to  impart  sufficient  oxygen  to  the 
carbonaceous  matter  of  the  smoke,  and  bum  it. 

Legislative  EnaclmenL — The  annoyance  and  pernicious  effects  experienced  by 
the  public  from  a  sooty  atmosphere,  drew  the  attention  of  the  legistature  to  the 
subject,  and  a  Select  Committee  of  the  House  of  Commons  was  appointed,  in 
1819,  ''to  inquire  how  far  it  might  be  practicable  to  compel  persons  using 
steam  engines  and  furnaces  in  their  different  works,  to  erect  them  in  a  manner 
less  prejudicial  to  public  health  and  comfort ;  and  to  report  their  observations 
thereon  to  the  House."  The  committee  having  ascertained  and  reported  to  the 
House  that  the  reduction  of  smoke  from  furnaces  might  be  practicallv  accom- 
plished, a  bill  to  embrace  that  object  was  brought  into  the  House  and  passed ; 
It  was  entitled-^"  An  Act  for  giving  greater  facility  in  the  prosecution  and 
abatement  of  nuisances  arising  m>m  furnaces  used  in  the  working  of  steam- 
engines:"  to  commence  Sept.  1,  1821.  Among  its  enactions  are  the  follow- 
ing ; — "  That  it  shall  and  may  be  lawful  for  the  court  before  whom  any  such 
indictment  shall  be  tried,  in  addition  to  the  judgment  pronounced  by  the  said 
court,  in  case  of  conviction,  to  award  such  costs  as  may  be  deemed  proper  and 
reasonable  to  the  prosecutor  or  prosecutors,  to  be  paid  by  the  party  or  parties 
so  convicted."  It  was  also  enacted—"  That  if  it  shall  appear  to  the  court  before 
which  any  such  indictment  shall  be  tried,  that  the  grievance  may  be  remedied 
by  altering  the  construction  of  the  furnace,  or  any  other  part  of  the  premises 
of  the  party  or  parties  so  indicted,  it  shall  be  lawful  to  the  court,  witnout  the 
consent  of  the  prosecutor,  to  make  such  order  touching  the  premises  aa  shall 
be,  by  the  said  court,  thought  expedient  for  preventing  the  nuisance  in  future, 
before  passine  final  sentence  upon  the  defendant,  or  defendants,  so  convicted." 
Gregton's  Fatent. — Mr.  Joseph  Gregson,  who  was  one  of  the  gentlemen 
examined  before  the  Committee  of  the  House,  gave  it  as  his  opinion,  that  the 
principal  causes  of  the  nuisance  were,  the  putting  on  the  fire  too  much  crude 
fuel  at  a  time,  and  the  chimney  being  in  general  too  low.    Mr.  Gregson  had  a 

Eatent  for  a  plan  of  a  furnace  for  consuming  the  smoke,  the  principle  of  which, 
e  stated,  consisted, "  first,  in  causing  all  the  smoke,  after  it  has  ansen  from  the 
fire,  to  return  into  the  heat  of  the  fire  before  it  enters  the  flue  or  chimney,  and 
80  be  consumed ;  secondly,  in  puttine  on  no  more  fuel  at  any  one  time,  than 
the  smoke  of  which  can  be  consumed,  and  that  without  opening  the  door  for 
the  purpose;  thirdly,  in  supplying  the  fire  with  a  current  of  air  to  coun- 
teract the  effect  of  those  winds  tiiat  operate  against  the  draft  The  engraving  in 
the  next  page  represents  a  vertical  section  of  the  apparatus.  The  fire-place  G  and 
the  feedmg-door  F  are  made  as  usual ;  the  smoke  passes  over  the  bridge  D, 
under  which  is  an  aperture,  where  an  intense  heat  is  produced,  which  inflames 
the  smoke  in  the  descending  flue  by  means  of  a  supply  of  air  through  the 
aperture  C ;  it  then  passes  into  the  flue  and  the  chimney,  A,  formed  in  the 
usual  manner.  Z  Z  is  an  air  shaft  and  drain  to  supply  the  fire  with  air  through 
a  valve  situated  under  the  fire-place.  It  may  be  deservine  of  remark,  trat 
the  objects  aimed  at  by  Mr.  Gregson  in  this  arrangement  would  be  considerably 
promoted,  by  making  the  partition  between  the  ascending  and  descending  fiuos^ 
A  and  Z,  of  iron  or  copper,  instead  of  brick ;  and  that  an  economy  of  fuel 


would  remit  from  the  uttid  ezahon^  of  tempcrstiiKi  between  the  oppoiita 
But  in  thui  liUtiscting  the  wute  bent  through  thg  medium  ofgood 


Loth't  FauiU. — The  entire  ■pecification  of  this  getiUeman'B  improvemente 
ii  iiuertrd  in  the  Rfperlory  tfjtrtt,  uiA  ii  deserrbg  of  penual  by  thoee  who 
are  interested  in  the  lubject;  the  leading  BrrBngeiDentB  may  however  be  un- 
dentood  by  the  following  extract.  The  plan  BTrangei  "  the  ftimace 
banu  near  ai  poMible  under  the  middle  of  tne  boQer,  or  other  Terael'a  bottom, 
and  to  have  the  aperture  or  sperturei  for  the  eicape  of  the  rarefied  air  and 
imoke  above  the  door  through  which  the  fuel  ie  put  in,  ao  that  the  heated  air 
and  gaaei,  by  their  expansive  force  and  diminished  specific  gravity,  sball  pre- 
vent the  cold  ur  of  the  atmoiDfaere  from  penetratiQX  beneath  the  bottom  of  th« 
boiler,  in  order  that  the  cola  air  admitted  at  the  door  where  the  fuel  is  intro- 
duced, ahall,  in  its  pasuge  to  the  chimney,  have  no  tendency  to  mix  with  the 
lie&tedgaiea  unii!  ^er  they  have  ceased  to  act  upon  such  parts  of  the  boiler 
ai  are  required  to  be  submitted  to  their  action  alone.  A  diniion  of  caat  platei, 
extending  from  the  ends  of  the  bars  next  to  the  door,  separates  the  grate-room 
from  the  aih-hole  and  air-duct,  and  prevents  any  air  from  pasung  into  the 
grate-room  which  does  not  pasa  Ihnmeh  the  ignited  fuel."  Another  peculiarity 
in  Mr.  Losh's  arrangeineiits,  consists  m  the  employment  of  two  fires,  which  we 
will  call  A  and  B,  with  a  wall  between  them,  which  supports  the  middle  of  the 
boiler  across  its  width.  Each  of  these  Gm  has  a  common  &ue,  which  termi- 
nates !n  the  chimney,  and  they  communicate  with  each  other  by  means  of  an 
open  arch  under  the  partilion  wall ;  each  fire  is  supplied  alternately  with  fuel ; 
and  the  arrangement  of  the  dampen  ii  nich,  that  the  gas  from  the  fresh  fuel 
in  A  ahall  be  compelled  to  descend,  pass  under  the  arch  of  the  division  nail, 
nnd  Ihroueh  the  grate  bar*  of  the  fire  B,  along  with  the  fresh  air  (hat  tuppliea 
it  where  the  smcriie  it  coniumed ;  the  current  of  heated  air  from  both,  thus 


united,  lake*  iM  miitm  aniund  the  Am  Into  Ae  chimnqr-  B7  IIib  tim«  ihal 
the  fiiM  in  A  luH  bUmed  bri^t,  thu  in  B  i«qiiirai  nplaniildng ;  the  duuper* 
are  then  leTened,  which  remom  the  cunvnt  to  the  ehiiiiii«r ;  then  the  gM 
from  the  freth  tad  in  B  deeeendi  under  tba  befomnntioDed  nreh  np  throagfa 
thegntebanof  A,  along  with  the  freih  air  <tfiuppl7,  and  being  there  ignited, 
u  conducted  to  the  chimney.  In  thii  alternate  manner  the  operation  of  feeding 
ii  continuollj  repeated. 

Sletl't  ImprottBteul, — Mr.  Sleel'i  fire-place  wat  of  a  circular  (bm),  and  made 
I0  revolve  on  an  upri^t  axii  h;  a  gear  connected  to  ila  Weit  ektremil)' ; 
motion  *ai  alio  given,  at  the  aame  time,  to  a  fluted  roller,  taming  In  bearitigi 
underneath  a  hopper  filled  with  eixli ;  thl«  roller  broke  or  crushed  the  coal*  to 
a  nifficiently  ima]]  ilie,  and  projected  them  down  an  inclined  iboot,  which  die- 
tributed  them  over  the  circular  grata  ai  it  turned  round  ai  repreiented  in  the 
annexed  lection.    000  ibom  a  Ugh  prauure  tubuUr  hokler   act  in  maaontj ; 


t  i  i«  the  ring  or  rim  which  lurroundi  the  circular  grate,  made  lomewhat  deeper 
than  the  ban,  and  turning  round  in  an  iron  tniugh  3  3,  filled  with  land,  which 
preTents  the  air  from  pa»inE  by  the  rim ;  N  ii  a  metallic  plate  to  receive  the 
aehei  which  fall;  D  a  toothed  wheel,  turned  by  anv  convenient  meant  in  the 
•tep  at  C,  and  in  a  crou  bar  at  L  above.  At  F  ii  the  receptacle  for  the  fuel ; 
E  the  breaking  and  lupplying  roller,  which  project*  them  down  tlie  inclined 
ihnot  G  R,  into  the  revolving  grate,  which,  continually  presenting  fredi  nirfacM, 
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the  fuel  is  pretty  uniformly  dlanibuted  thereon.  The  grate  ie  made  to  turn  in 
such  a  direction  that  the  fresh  coals  are,  immediately  after  they  are  deposited, 
presented  to  the  fire  door  contiguously  situated,  where,  by  the  aue  admission  of 
air,  vivid  combustion  immediately  takes  place,  and  the  nesh  fuel  is  in  bright 
ignition  before  more  is  thrown  on  the  same  party  the  rerolutbn  of  the  grate 
being  low. 

BrunUon^t  PatenU, — ^Mr.  Brunton  had  a  patent  in  1819  for  a  revolving  fire- 
grate of  a  similar  kind ;  but  whether  Mr.  Steel's  was  antecedent  to  it  (as  would 
appear  firom  the  dates  given,  together  with  the  circumstances),  we  do  not  know. 
Mr.  Brunton  has,  however,  the  credit  of  carrying  his  apparatus  into  successful 
u.^e,  and  of  having  rendered  it  very  complete.  Among  many  judicious  con* 
trivances,  may  be  noticed  a  revolving  scraper,  which  gathered  up  the  ashes  as 
they  fell  upon  the  ash  plate.  In  the  following  year,  1820,  Mr.  Brunton  took 
out  a  second  patent  for  improvements  upon  the  farmer ;  these  chiedfty  con- 
sisted in  a  mode  of  raising  or  lowering  the  furnace  at  pleasure,  so  as  to  diminish 
or  increase  the  heat  of  the  boiler  as  required ;  also  in  a  new  mode  of  feeding 
the'  fire.  The  shaft  of  the  circular  fir^^^rate  upon  which  it  revolves,  is  made 
to  pass  through  a  hole  in  a  bearer  of  iron,  built  in  the  brickwork,  and  receives 
its  support  at  bottom  upon  another  bearer  of  iron,  which  is  capable  of  sliding 
up  and  down  in  grooves,  so  as  to  elevate  or  depress  the  fire,  by  means  of  a  rack 
and  pinion,  acted  upon  by  a  lever  or  winch.  Round  the  penphery  of  the  cir- 
cular grate  is  a  double  rim  of  sheet-iron,  rising  up  three  or  mur  mches,  the  space 
between  being  filled  with  sand,  so  that  when  the  grate  is  raised,  another  ring  of 
iron,  attached  to  the  wall  of  the  fiimace,  may  fit  into  the  groove  and  form  a  sand 
valve,  to  prevent  the  passage  of  air,  and  check  the  transmission  of  heat.  Two 
or  more  passages,  provided  with  sliding  doors,  are  made  through  the  brickwork, 
for  the  purpose  of  admitting  a  current  of  air  to  the  top  of  the  fire,  in  order  to 
assist  in  igniting  the  smoke,  if  necessary.  The  fire  feeder  is  shaped  like  a 
hopper,  placed  over  the  feeding  hole,  and  the  delivery  aperture  at  bottom  is 
capable  of  contraction  or  expansion,  as  may  be  reqiiirea.  Below  this  is  a  plate 
of  iron,  placed  in  an  inclined  position,  and  suspended  upon  pivots  for  the  pmv 
pose  of  being  agitated,  in  order  to  distribute  the  fud  equally  upon  the  gratp; 
there  is  also  a  shovel  upon  rollers,  moved  by  means  of  a  rod  and  chain 
actuated  by  the  engine.  By  the  very  equal  distribution  of  the  coal  upon  the 
grate,  a  tmn  fire  and  a  sharp  draft  is  maintained,  owing  to  every  piece  of 
coal  upon  the  grate  being  successively  exposed  to  a  current  of  the  fire 
passing  constantly  in  one  direction  across  the  grate ;  the  continual  dropping 
of  the  coal  in  minute  quantities,  instead  of  opening  the  door  to  chaige  as 
usuali  produces  a  great  advantage  in  convenience,  besides  a  savine  of  fuel. 
The  introduction  of  the  coal  is  likewise  completely  governed  by  we  steam 

generated,  so  as  to  admit  no  more  for  combustion  than  is  actually  needed  for 
le  due  performance  of  the  work  of  the  engine.  The  whole  apparatus  acted 
indepenaently  of  the  skill  or  of  the  carelessness  of  the  fireman.  Small  coal, 
of  greatly  inferior  cost  to  that  generally  used,  answers  well  with  a  furnace 
of  this  kind,  and  thereby  efiects  an  important  saving.  A  thin  fire  with  a  sharp 
draft  produces  the  maximum  effect,  because  the  ^ater  the  quantity  ot 
oxygen  brought  into  contact  with  the  coal  in  combustion,  the  greater  heat  is 
obtained. 

Murray'M  In^provement, — It  has  doubtless  been  observed  by  most  of  our 
readers,  that  the  very  dense  black  smoke  which  issues  from  the  chimneys  of 
steam  engines  and  other  furnaces,  is  not  constant ;  that  it  commences  at  the 
time  ot  putting  on  fresh  fuel^  and  continues  for  a  few  minutes  afterwards.  At 
this  time  the  air  finds  its  way  through  the  fuel  with  less  opposition,  and  the 
evolution  of  dense  smoke  ceases  until  the  next  charge  of  coals.  To  supply  the 
requisite  quantity  of  air  to  bum  this  black  smoke,  the  late  Mr.  Murray  (the 
celebrated  steam-engine  manufacturer  of  Leeds),  devised  a  very  ingenious 
machine.  It  is  described  in  a  letter  addressed  to  the  Editor  of  the  London 
Journal  of  ArU,  dated  February  15,  1821,  wherein  he  observes, — <*The  most 
effectual  method  yet  known  for  consuming  smoke,  is  by  the  admission  of  a  large 
quantity  of  air  to  the  hottest  part  of  the  fire,  at  the  time  the  smoke  is  bursting 
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from  the  recent  chardng  of  coaL  The  necessary  quantity  of  air  to  be  admitted 
ought  not  to  be  less  Sian  may  pass  through  an  aperture  of  fowr  sqiuare  nicAm 
for  each  hone  power  Uiat  the  iioiler  or  fire  is  equal  to ;  this  will  consume  the 
smoke  in  from  three  to  five  minutes,  according  to  the  quantity  and  quality  of 
ooal  put  on  at  each  time, — the  times  of  chaiging  being  not  more  than  five 
times  in  an  hour,  nor  less  than  three.  The  air  rushing  into  the  flue  is  the 
moving  force  for  giving  motion  to  my  new  regulating  machine,  which  continues 
in  motion  during  the  consumption  of  smoke,  but  no  longer."  The  machine 
may  be  thus  described,  without  the  drawings  siven  in  the  work  before  alluded 
to.  It  consists  of  a  tight  fan-wheel,  from  wnich  proceeds  a  capacious  tube, 
communicating  with  the  fire-place,  and  containing  a  turning  valve,  which  opens 
or  doses  the  passage.  When  the  firenloor  is  opened  to  take  in  fresh  fuel,  it 
discharges  (by  means  of  a  slip  catch  connected  to  the  door)  a  pall,  which  sets 
at  liberty  a  suspended  weight;  the  descent  of  this,  turns  a  ratehet  wheel, 
which  puces  the  turn-valve  edgeways  against  the  current,  and  leaves  a  free 
communication  between  the  atmosphere  and  the  upper  side  of  the  fire.  In  this 
state  of  rest  the  machine  remains  until  the  fire-door  is  shut,  when  the  cunrent 
of  air  enters  the  machine,  turning  rapidly  the  fan-wheel,  which  having  a  pinion 
on  its  axis  of  only  one  tooth,  gives  a  slight  motion  to  a  light  spur-wheel  of 
many  teeth ;  this  wheel,  through  the  memum  of  a  catch-rod,  and  other  simple 
mechanism,  gradually  closes  the  tnm-valve.  The  smoke  having  been  consumed, 
the  fire  continues  bumine  until  a  fresh  supply  of  fuel  is  necessary,  when  the 
fire-door  is  opened,  which  puts  the  machine  in  a  state  for  measuring  ofi*  the 
required  quantity  of  air  to  oe  admitted  to  consume  the  smoke  of  each  cliarge ; 
the  operation  is  then  repeated. 

PrUehard^t  Potont— Mr.  William  Pritehatd  took  out  a  patent  in  1821  for 
the  same  object  He  fixed  a  small  cylinder  in  some  convenient  place  con- 
tiguous to  the  furnace,  with  an  air-tight  piston  to  rise  and  £Bdl  within  it  At 
the  uj>per  end  of  the  piston-rod  a  chain  is  attached^  which  passes  over  pulleys, 
and  its  reverse  end  is  connected  to  the  top  of  the  fire  door  or  air-flue  doors, 
by  means  of  which  connexion,  when  the  fire  door  is  raised,  the  piston  descends 
in  the  cylinder  by  its  own  gravity ;  and  when  the  fire  door  is  shut  down,  the 
piston  rises.  On  the  outside  of  the  cylinder  is  placed  a  branch  pipe  or  channel, 
through  which  the  air  passes  (as  the  piston  ascends  or  descends)  m>m  the  upper 
to  the  lower  part  of  the  cylinder,  ana  vice  vend.  In  the  middle  of  this  branch 
pipe  is  a  valve  or  stop-cock,  which  may.  be  so  adjusted  as  to  suffer  the  air  to 
pass  slowly,  or  by  a  very  small  stream,  through  the  channel ;  by  this  means 
the  ascent  of  the  piston  is  retarded,  and  hence  Uie  entire  descent,  or  closing  of 
the  fire  doors,  or  air-flues,  does  not  take  place,  until  the  air  is  nearly  all  ex^ed 
from  the  upper  part  of  the  cylinder,  allowing  time  for  the  requisite  quantity  of 
atmospheric  air  to  pass  into  the  air-flues  over  the  fire,  for  the  purpose  of  con- 
suming the  smoke ;  the  time  of  closing  the  doors  is  regulated,  as  above,  by 
the  valve  or  stop-cock  in  tlie  branch  pipe. — London  Journal  of  Arts, 

Stanley's  Patent. — This  invention,  wnich  we  have  seen  repeatedly  and  suc- 
cessfully applied,  forms  a  distinct  appendage  to  the  front  of  the  furnace.  At 
the  upper  part  of  the  apparatus  is  a  hopper,  containing  a  supply  of  small  coals 
adequate  to  an  hour  or  two's  consumption.  Through  an  aperture  at  the  lower 
extremity  of  this  vessel,  the  coals  drop  between  two  grooved  rollers,  which 
revolve  in  opposite  directions,  and  break  those  which  are  too  laige  to  pass 
without  reduction  between  them ;  they  then  fall  upon  a  flat  plate  of  iron,  whence 
they  are  continually  projected  by  the  arms  of  a  kmd  of  revolving  fanner,  which 
scatters  them  evenly  over  the  burning  fViel  on  the  grate,  where  it  lies  in  a  thin 
bed,  in  order  that  tne  air  may  pass  upward  through  them  the  more  easily.  The 
apparatos  is,  however,  usually  adjusted  to  throw  a  larger  proportion  of  the  fuel 
near  the  fire  bridge,  so  that  it  may  lie  there  heaped  up  or  in  a  thicker  stratum, 
in  order  that  the  small  quantity  of  smoke  arismg  from  tlie  freali  fuel  in  front 
may  be  consumed  in  passing  over  the  bridge. 

Chapman's  Fumace,—In  1824  Mr.  Chapman  received  a  reward  from  the 
Society  of  Arts  for  a  difierent  mode  of  introducing  air  into  the  furnace.  He 
casts  the  grate  bars  hollow  from  end  to  end,  so  that  they  form  a  scries  of 
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pcnJlel  tabei,  which  open  into  two  boxes,  one  placed  in  fioiit,  and  the  other 
behind  the  grate.  In  tlie  front  box,  ilirectlj  undemeatli  the  lire  door,  there  U 
a  mgiaUr  to  open  and  tliut  to  any  extent,  at  pleasure ;  (he  other  end  is  con- 
nected with  toa  brickwork,  directly  under  the  fire  bridge,  which  lire  bridge  ia 
made  double,  with  a  amall  intervai  between,  about  one  inch,  (he  intervsl  to  go 
acroaa  the  furnace  from  eide  to  side,  and  rather  to  incline  forward,  or  towards 
the  fire  door,  so  as  to  meet  and  reverberate  tlie  smoke  on  to  the  ignited  fuel  in 
the  grate,  which  causes  it  to  inftume  and  become  a  sheet  of  briglit  fire  under 
the  bottom  of  tlie  boiler.  By  (liis  arraiigemeut  it  will  be  perceived,  that  if  the 
front  register  is  open,  or  partially  so,  there  will  be  a  great  draft  of  an  through 
it,  along  the  interior  of  tlie  grate  bars,  thence  into  the  flue  of  the  fire  bridge, 
and  out  of  the  orifice  at  top,  which  air  will  be  heated  in  ite  passage  through  the 
bars  before  it  comes  in  contact  with  the  smoke,  when  it  will  give  out  its  oxygen, 
Mid  cause  it  to  inflame.  Mr,  Chapmnn's  mode  of  supplying  the  coals  to  the 
"     ■    which  will  he  expliined  with  reference  to 


furnace  is  also  simph 

the  subjoined  engraviog.     fig- 


of  the  fiimnce,   with   a  bwler 


Diaaaaaiao 


fixed  therein ;  and  Fig.  2  a  view  of  tlie  hollow  bar«  as  they  open  into  the  box  i. 
a  is  the  boiler ;  b  the  fire-place ;  c  the  feeding  hopper,  with  a  cover  d,  and  its 
tvpe  or  tiuTiing  bottom,  having  a  lever  or  counterpoiie  t,  by  means  of  which 
the  coals  are  delivered  into  (he  fire-place  j  /  is  a  rake,  by  means  of  which  the 
half-biimt  coala  are  pushed  forward  previously  to  letting  in  a  fresh  charge;  g  a 
■lit  below  the  furnace  door,  through  which  (he  state  of  the  fire  is  seen  ;  i  ■  is  an 
air-tight  box,  into  the  back  of  which  the  bati  open,  and  in  front  of  which  is  a 
reginter  for  the  admisNon  of  air ;  i  one  of  the  hollow  bats,  the  whole  of  which 
are  shown  in  I'ig.  2  as  they  open  into  the  box  i  above  mentioned  ;  (  a  flue  in 
llie  fire  bridge,  through  which  the  air  having  passed  into  the  box  i,  and  thence 
4  E 
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through  the  hoDow  ban  jlr,  enten  into  the  furnace,  and  conanmet  the  amoke. 
HoUow  bars  are  aaid  to  be  more  durable  than  solid. 

QiSbertatm'i  PaienL^T^  differt  but  little  from  the  former.  Mr.  Gflbertion's 
plan  is  to  heat  the  air  by  canting  it  to  pass  through  "  hollow  plates"  fixed  to 
the  sides  of  the  furnace,  and  thence  into  a  cavi^  at  the  back  of  the  fire,  where 
it  comes  in  contact  with  the  smoke,  and  causes  it  to  be  ignited. 

Chemeal  /Vimaeef.— The  forms  of  furnaces  employed  by  experimental  as 
well  as  practical  chemists  are  extremely  diversified.  Tnose  which  are  employed 
in  manufiu^ries ;  in  metallurgical,  distillatory,  and  other  operations  on  the  mat 
scale,  will  be  found  under  the  denomination  of  tibe  article  produced,  suca  as 
I  ton.  Gas,  Zinc,  &c.  In  this  place,  therefore,  we  shall  confine  our  notice  to 
those  portable  furnaces  which  are  generally  employed  by  British  chemists. 

Reverberaiiory  Furnace. — Annexed  is  the  common  reverberatory  furnace.  At 
a  a  is  the  ash  pit  and  fire-place ;  hh  the  body  of  the  furnace ;  r c  the  dome  or 


reverberating  roof;  d  the  chimney ;  t  door  of  the  ash  pit ;  /  door  of  the  fire- 

Elace ;  g  handles  of  the  body ;  K  aperture  to  receive  the  head  of  the  retort ;  t 
andles  of  the  dome ;  k  receiver  \  I  stand  of  the  receiver ;  m  retort,  represented 
in  the  body  in  dotted  lines. 

AiHn*9  Portable  BlaH  Famaee  is  represented  in  the  figure  on  the  following 
page ;  it  is  composed  of  three  parts,  all  made  out  of  the  common  thin  blacx 
teiul  melting  pots,  sold  in  London  for  the  use  of  the  goldsmith.  The  lower 
niece  c,  Fig,  1,  is  the  bottom  of  one  of  ihese  pots,  cut  off  so  low  as  only  to 
leave  a  cavity  of  about  an  inch  deep,  and  ground  smooth  above  and  below. 
The  outside  diameter,  over  the  top^  is  five  inches  and  a  half.  The  middle-piece, 
or  fire-place  a,  is  a  larger  portion  of  a  similar  pot,  with  a  cavity  about  six 
inches  deep,  and  measuring  seven  inches  and  a  half  over  the  top  outside 
diameter,  and  perforated  wiui  six  blast  holes  at  the  bottom.  These  two  pots 
are  aB  that  are  essentially  necessary  to  ^e  furnace  for  most  operations ;  but 
when  it  is  wished  to  heap  up  fliel  above  the  top  of  a  crucible  contained,  and 
especially  to  protect  the  eyes  from  the  intolerable  glare  of  the  fire  when  in  full 
heieht,  an  upper  pot  h  is  added,  of  the  same  dimensions  as  the  middle  one,  and 
witn  a  large  openmg  in  the  side,  cut  to  allow  the  exit  of  the  smoke  and  flame. 
It  has  also  an  iron  stem  with  a  wooden  handle  (an  old  chisel  answers  the  pur- 
pose very  well,)  for  removing  it  occasionally.  The  bellows,  which  are  double 
(iQ,  are  firmly  fixed  by  a  little  contrivance,  which  will  take  off  and  on,  to 


heavy  itool,  u  repruentedi  the  noili  . 

L7_.  .  _  ■        ..g  (iait  into  i[*  cavit;.    No  luting  [■  necenarj  in  udiig 


wliich  conduct*  the 
fumaca,  to  that  it  maj  be 


s  hol«  in  the  pot  (^ 

enarf  in  udiig  thU 

taken  down  numediately.    Coke,  or 


common  dDden,  antwer  well  fbr  fhel ;  and  the  heat  which  thi^  Lttle  Aimac* 
aSfordi  i(  m  intenw,  that  its  paver  wu  fint  diicovered  by  the  fiuioD  of  a  thick 
piece  of  cart-iron. 

Chevtmx'*  Wkid  Fantaet  ii  npretented  in  the  foUowing  •ngrariiu;.  It  ti,  in 
■ome  reepecti,  Dr.  Ure  obserret,  to  be  prefsrred  to  Uie  naual  form.  The 
■idea,  initead  of  being  perpendicular,  are  inclined,  lo  that  the  hallow  apace  it 
p]>nunidicaL  At  the  bottom  the  opening 
ti  thirteen  inehei  iquore,  and  at  tne  lop 
eight.  The  perpendicular  height  ii  KTen- 
teen  inchei ;  the  form  appear*  to  unite  the 
followiog  advantage* ;  li^  A  greet  nirface 


•■,  mihee  through  the  fuel  i 
preat  rapidity ;  2d,  The  inclined  aide*  act 
ID  lome  meaiure  a*  reverberating  inrfsce*; 
«nd  3d,  The  fiiel  &Ila  of  itaelf,  and  ia 
alwayi  in  eloae  contact  with  the  crucible 
placed  near  the  grate.  The  late  Dr.  Ken- 
nedy, of  Edinburgh,  who*e  opinion  on  thi* 
■ubject  claim*  the  greote*!  weight,  found 
that  the  ttrongeat  heat  in  our  common  wind  flimacea  waa  within  two  or  three 
inche*  of  the  grate ;  thi*,  therefore,  1*  the  mo*t  advantageou*  poaition  for  the 
eradble,  and  atill  more  m  when  we  can  keep  it  turrounded  with  flieL  It  ia 
inconvenient  and  dangerou*  for  the  crudble  to  itir  the  fire  often  to  make  the 
fiiel  fall;  and  the  pyramidal  form  render*  thi*  unnecenary.  It  ia  alao  mora 
eaay  to  avoid  a  (udoen  bend  in  the  chimney,  by  the  upper  part  of  the  furnace 
advancing  in  thi*  conitniction. 

Loop  Fumaeew. — The  flame  of  an  aigand  lamp  i*  veiy  often  employed  for 
chemical  pnrpoaet,  and  it  i*  very  convenienL  To  a  vertical  rod  ia  fitted  to  *lide 
thereon  a  number  of  metallic  ringa  projecting  from  it  horiiontally,  which 
become  the  aupporta  to  retorts,  or  other  veisela  impended  over  the  flame  <^ 
the  lamp. 

Domeilie  Fvmaca,  auch  ai  (love*,  gralei,  ranges,  Ac.  are  deaetibed  under 
the  article  FiaE-FLica. 

FUSEE,  in  Clockwork,  the  conical  barrel  drawn  by  the  tpring,  and  about 
'  '  ....  "     '  '  h  iee  Hoao^ooi. 


which  the  chun  w  cord  i*  wound;  for  the  tuo  of  which  k 
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FUSION,  in  Chemistry,  the  appUcataoo  of  heat  to  produce  the  denie  fluid 
state  of  bodies. 

FUSTIAN,  in  Commerce,  a  kind  of  cotton  sta£(  which  seems  as  if  it  were 
whaled  on  one  side.  Right  fustians  should  be  made  entirely  of  cotton ;  but  they 
are  frequently  made  witn  a  warp  of  flax. 

FUSTIC,  OR  YELLOW  WOOD.  This  wood,  the  Moras  iinciaria,  is  a 
native  of  the  West  Indies,  and  affords  much  colouring  matter,  which  is  very 
permanent.  The  yellow  given  by  fustic  without  an^  mordant  is  dull  and 
orownish,  bnt  stands  welL  The  mordants  employed  with  weld  act  upon  fustic 
in  a  similar  manner,  and  by  their  means  the  colours  are  rendered  more  bright 
and  fixed.  Tlie  difference  between  them  is,  that  the  yellow  of  fustic  inclines 
more  to  orange  than  that  of  weld ;  and  as  it  abounds  more  in  colouring  matter, 
a  less  quantity  will  suffice. 

G. 

GALBANUM.  A  resinous  and  gummy  juice  that  exudes  from  the  Bubom 
^albanum.  The  commercial  article  is  m  the  state  of  white,  yellow,  and  brownish 
tears,  imctiious  to  the  touch,  and  softening  between  the  fingers,  and  generally 
fidl  of  bits  of  stalks,  leaves,  &c.  of  the  plant ;  it  has  a  bitter  acrid  taste,  and 
strong  smell.  One  pound  of  galbanum  yields  to  alcohol  nine  and  a  half  ounces 
of  resin,  and  to  water  about  three  ounces  of  gum.  The  peculiar  smell  and 
taste  of  galbanum  reside  in  an  essential  oil,  six  drachms  of  which  are  obtained 
by  distillation  from  one  pound  of  the  substance. 

GALENA.    The  native  sulphate  of  lead. 

GALLEY,  in  Printing,  a  frame  into  which  the  compositor  empties  the  lines 
of  type  out  oi  his  composing  stiol^  and  in  which  he  arranges  and  ties  up  the 
whole  matter  of  the  page  when  it  is  completed.  The  galley  is  an  oblong  square 
board,  with  a  ledge  on  one  of  its  sides  and  one  of  its  ends,  to  support  the  t^rpe 
in  drawing  it  up  uito  a  compact  mass ;  it  has  sometimes  a  groove  to  admit  a 
false  bottom,  called  a  galley- slice. 

GALLEY.  A  kind  of  low,  flat-built  vessel,  furnished  with  a  deck,  and  navi- 
gated with  sails  and  oars ;  chiefly  used  in  the  Mediterranean.  This  term  is  also 
given  to  a  light  species  of  open  boats  employed  in  the  river  Thames,  which  is 
rowed  with  six  or  eight  pair  of  oars. 

GALLIC  ACID  is  found  most  abmidantly  in  the  vegetable  substance  galls, 
whence  it  derives  its  name ;  but  most  astringent  vegetable  matter  contains  it 
The  simplest  mode  of  obtaining  it  is  probably  that  reoommended  by  Mr. 
Fiedler.  An  ounce  of  powdered  galls  is  to  be  boiled  in  sixteen  ounces  of 
water  until  reduced  to  eight,  and  then  strained.  Dissolve  two  ounces  of  alum 
in^water,  precipitate  the  luumina  by  carbonate  of  potash ;  and  after  edulcorating 
it  completely  by  repeated  ablutions,  add  to  it  the  decoction,  frequently  stirring 
the  mixture  with  a  glass  rod ;  the  next  day  filter  the  mixture ;  wash  the  pre* 
cipitate  with  warm  water  till  this  will  no  longer  blacken  sulphate  of  iron ;  mix 
the  washings  with  the  filtered  hquor,  evaporate,  and  the  gallic  acid  will  be  ob- 
tained in  fine  needle  crystals.  The  gallic  acid,  placed  on  a  red*hot  iron,  bums 
with  flame,  and  emits  an  aromatic  smell  like  that  of  benzoic  acid.  It  is  soluble 
in  twenty  parts  of  cold  water,  and  in  three  parts  at  a  boiling  heat  It  is  more 
soluble  in  alcohol,  which  takes  uo  an  eoual  weight  if  heated  and  one-fourth  of 
its  weight  cold.  The  distinguishinff  charactenstic  of  gallic  acid  is  its  great 
affinity  for  metallic  oxides,  so  as^  when  combined  with  tannin,  to  take  Uiem 
from  the  powerful  acids.  The  more  readily  the  metallic  oxides  part  with  Uieir 
oxygen,  the  UMre  they  are  alterable  by  the  gallic  acid.  To  a  solution  of  gold 
it  imparts  a  green  hue ;  mercury  it  mrecipitates  of  an  orange  yellow ;  copper, 
brown ;  bismuth,  a  pale  yellow ;  lead,  white ;  and  in  iron,  a  black ;  whence  its 
use  in  making  ink,  and  in  the  operations  of  the  dyer  in  making  various  shades 
of  black,  and  in  improving  or  fixing  other  colours. 

GALLON.  An  En^lisn  measure  of  capacity,  which,  until  recently,  varied 
considerably  with  the  kind  of  goods  measured  by  it ;  thus— 
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The  gallon  wine  measure  contained  231  cubical  inches* 
Ditto       beer  measure,         „         282  ,, 

Ditto       dry  measure,  „        268J  ,, 

But  by  an  Act  of  Parliament  passed  in  1824,  it  was  altered  on  the  1st  of  May, 
1825,  to  an  uniform  measure  called  the  imperial  standard  gallon.  By  that  act 
it  was  determined  to  be  such  n>easure  as  snail  contain  ten  pounds  avoirdupois 
of  distilled  water,  weighed  in  air  at  the  temperature  oi  62o  Fahr.,  and  tiie 
barometer  at  30  inches ;  and  such  measure  is  declared  to  be  the  "  Imperial 
Standard  Gallon,"  and  shall  be  the  unit  and  only  standard  measure  of  capacity  to 
be  used,  as  well  for  wine,  beer,  ale,  spirits,  and  all  8ort9  of  liquids,  as  for  dry  goods 
not  measured  by  heap  measure ;  and  that  all  other  measures  shall  be  taken  in 
parts  or  multiples  of  the  said  imperial  standard  gallon,  ike  quart  being  the 
fourth  part  of  such  gallon,  and  the  pint  one-eighth  purt ;  two  such  gallons 
making  a  peck,  eight  such  gallons  a  buehely  and  eight  such  bushels  a  quarter  of 
cum,  or  otner  dry  goods  not  measured  by  heaped  measure. 

GALLS.  The  protuberances  on  various  kinds  of  trees,  supposed  to  originate 
in  the  puncture  of  an  insect.  Some  are  hard,  and  are  therefore  called  nut- 
galls  ;  others  soft,  which  are  called  berry,  or  apple-galls.  The  best  are  the  nut- 
§all8  of  the  oak ;  and  the  most  esteemed  of  this  species  are  brought  from 
ileppo.  They  are  not  smooth  on  the  surface,  but  tubercular,  small  and  heavy, 
and  should  have  a  bluish  or  blackish  tinge.  By  infusing  500  grains  of  Aleppo 
grains  broken  into  small  pieces  in  distilled  water,  Sir  H.  Davy  obtained,  by 
evaporating  the  fluid,  185  grains  of  solid  matter,  which,  on  analysis,  gave  130  of 
tannin ;  12  mucilage  and  insoluble  matter ;  gallic  acid,  with  a  little  extractive 
matter,  31 ;  remainder  calcareous  earth  and  saline  matter,  12.  The  extensive 
use  of  galls  in  dying,  tanning,  and  in  making  ink,  is  well  known,  for  which  see 
the  separate  articles  under  their  initial  letters. 

GALL-STONES.  The  calculous  concretions  occasionally  found  in  the 
gall-bladders  of  animals.  Those  found  in  oxen,  used  by  painters,  are  of  this 
nature. 

GALVANISM.  A  species  of  electricitv  excited,  not  by  friction,  but  by 
establishing  a  communication  between  two  different  metals  through  the  medium 
of  a  liquid.     See  Chemistry. 

GAMBOGE.  A  substance  obtained  from  the  Sialagmites  cambogioidee,  t 
tree  that  mws  wild  in  the  East  Indies,  from  which  it  is  had  by  wounding  the 
shoots.  It  is  brought  here  in  large  cakes,  which  are  yeUow,  opaque,  and 
*  brittle.  With  water  it  forms  a  yellow,  turbid  liquid,  used  in  paintine.  In  alcohol 
it  is  completely  dissolved.  If  taken  internally,  it  operates  violently  as  a 
cathartic. 

GARLIC.  The  root  of  the  Allium,  This  root  has  been  found,  by  chemical 
analysis,  to  consist  of  albumen,  mucilage,  fibrous  matter,  and  water. 

GARNET,  in  Mineralogy,  a  species  of  the  flint  genus,  of  which  there  are 
two  sub-species,  viz.  the  precious  and  common.  The  precious,  or  oriental,  is 
red,  but  of  various  shades ;  it  occurs  moat  commonly  crystallized,  either  as  a 
dodecadron,  or  as  a  double  eight-sided  pyramid.  Garnets  are  found  in  almost 
every  country  where  primitive  rocks  exist.  Switzerland  and  Bohemia  are  the 
two  countries  which  furnish  them  in  the  most  abundance. 

GAS.  The  name  given  to  all  elastic  leriform  fluids  (except  the  atmoepheric 
air)  which  retain  that  state  at  all  ordinary  temperatures  and  pressures.  For  a 
long  time  the  gases  were  supposed  to  be  nermanently  elastic;  but  about  the 
year  1823  Sir  Humphrey  Davy,assisted  by  Air.  Faraday,  succeeded  in  reducing 
several  of  them  to  a  liquid  state  by  subjecting  them  to  great  pressure,  and  an 
extreme  degree  of  cold ;  upon  removing  the  pressure,  and  restoring  the  natural 
temperature,  the  liquids  became  again  converted  into  gases.  This  discovery 
induced  these  eentlemen  to  institute  a  series  of  experiments  with  the  view  of 
ascertaining  whether  die  vapours  arising  from  the  gases  thus  liquefied  mieht  not 
be  rendered  available  as  mechanical  agents  in  lieu  of  steam,  and  be  applicable 
to  the  same  purposes.  These  experiments  were  detailed  in  a  paper  read  at  the 
Royal  Institution,  and  from  this  paper  we  select  the  following  results :— - 
Sulpliuretted  Hydrogen,  which  condenses  readily  at  Z^  Fahr.  under  a  pressure 
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equal  to  the  elaeCic  force  of  an  atmotphere  comprcwiid  to  one-fourteenUi,  had 
its  elastic  force  increased  to  that  of  an  atmosphere  compressed  to  one-seven- 
teenth hy  an  addition  of  47<>  of  temperature.  Liquid  muriatic  add  at  3«  Fi^. 
exerted  an  elastic  force  of  20  atmospheres ;  hy  an  increase  of  229  of  tempetfc- 
tnre,  its  force  was  increased  to  25  atmospheres ;  and  by  a  farther  addition  of 
26P,  its  force  became  equal  to  40  atmospheres.  Carbooic  add  at  12^  Fahr. 
exerted  a  force  of  20  atmospheres;  and  at  329  Fahr.  its  pressure  was  equal  to 
36  atmospheres,  making  an  increase  of  peasuie  equal  to  13  atmospheres  by 
an  increase  of  20^  of  temperature ;  and  tnis  immense  force  of  36  atmospheres 


being  exerted  at  the  freeniig  point  of  water.  From  the  above  experiments,  it 
will  be  seen  that  mat  accessions  of  force  are  obtained  by  very  slight  additions 
of  heat ;  and  Sir  Humphrey  observes^  in  the  Memoor,  that—'*  if  future  experi- 
ments should  rcudixe  the  views  here  developed,  the  mere  difference  of  ten^em- 
Inre  betwixt  sunshine  and  shade,  and  air  and  water,  will  be  suffident  to 
produce  results  that  have  hitherto  been  obtained  only  by  a  great  expenditure 
of  fuel."  Upon  this  subject  Mr.  Tredsold,  in  his  exceflent  Treatue  on  lAs 
Steam  Engme,  observes, — **  I  think  it  will  be  found  that  two  other  drcumstancea 
should  be  considered  in  estimating  the  fitness  of  compressed  gMes  as  me- 
chanical agents.  First,  the  distance  through  which  the  force  wul  act ;  for  if 
this  distance  of  its  action  be  less  in  the  same  proportion  as  its  force  is  increased 
by  compresnon,  no  advantage  will  be  gained ;  the  power  of  a  mechanical  agent 
being  lointly  as  its  force,  and  the  space  through  which  that  force  acts. 
Secondly,  the  quantity  of  heat  required  to  produce  the  change  of  temperature, 
is  also  to  be  considered ;  for  if  the  mechanical  power  requires  as  great  an 
expenditure  of  heat  as  common  steam,  no  advantage  will  be  gained ;  in  fact, 
the  only  prospect  they  afford  of  beine  useful,  is  throufh  lessening  the  extent  of 
the  surface  to  be  heated."  Mr.  Trecu^ld  then  gives  Uie  following  Table  of  the 
gases  liquefied  by  Mr.  Faraday,  with  their  densities  as  far  as  can  be  ascer- 
tained, and  with  a  column  to  snow  their  mechanical  power  as  compared  wiUi 
steam,  according  to  the  spaces  through  which  they  act  from  which  it  will  be 
seen  that  in  effect  they  are  all  inferior  to  the  latter.  The  quantity  of  fuel  requi- 
site for  their  vaporization  is  not  known. 

I 


Carbonic  acid  gas     . 
Sulphuric  acid  gas    . 
Sulphur,  hydrogen  gas 
Euchlorine  gas 
Nitrous  oxide  . 
Cyanogen    •    . 
Ammonia   .    . 
Muriatic  acid  gas 
Chlorine     •    . 
Steam  of  water 


Spec.  Grav. 
Aii^l. 


1.527 
2.777 
1.192 
2.365 
1.527 
1.818 
.596 
1.285 
2.496 
.48 


Spec.  GniT. 
of  Liquid, 
W»ter— 1. 


1.42 
.9 


.9 
.76 

1.33 
1.000 


Tempera- 
ture. 


320 

45 

50 

45 
45 
50 
50 
50 
212 


Prenare  in 
AimMpherc 


36 

2 

17 

50 
3.6 
6.5 

40 
4 
1. 


426 
530 


395 
1057 

440 
1711 


GAS  LIGHTING.  The  art  of  procuring  and  applying  to  the  purpose  of 
illumination  the  inflammable  gases  evolved  by  animal  and  vegeteble  matter 
when  exposed  in  close  vessels  to  a  high  temperature.  This  importent  and 
highly  beneficial  invention  originated  in  the  researches  of  modern  chemists; 
but  a  long  period  elapsed  between  the  scientific  discovery  of  the  facts  upon 
which  the  process  is  founded,  and  their  successful  application  to  practical  pur- 
poses. The  fact  that  a  permanently  elastic  and  inflammable  eenform  fluid  is 
evolved  from  pit  coal  durms  its  destructive  distillation,  appears  to  have  been  first 
ascertained  experimentally  by  the  Rev.  Dr.  Clayton,  whose  account  of  his  dis- 
covery was  published  in  the  Trantactkmi  of  the  Royal  Society,  Vol.  XLL,  for 
the  year  1739.  Dr.  Hales  subsequently  made  experimente  on  pit  coal,  and 
found  that,  when  distilled  in  close  vessels,  ne^ly  one-third  of  the  weight  of  coal 
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passed  off  in  inflammable  Vapour.  Further  experiments  were  made  by  Dr 
Watson,  Bishop  of  Llanda£^  m  1767;  but  no  practical  application  appears  to 
have  been  made  of  these  discoveries  for  a  long  period.  Tlie  merit  of  such 
application  spears  to  belong  to  Mr.  Murdock,  who,  in  1792,  commenced  a 
series  of  ezpenments  at  Redruth,  in  Cornwall,  upon  the  quantity  and  quality 
of  the  gases  contained  in  different  substances,  as  coal,  peat,  and  wood ;  in  the 
course  of  which  experiments  it  occurred  to  him,  that,  by  confining  and  con- 
ducting the  gas  in  tubes,  it  niif  ht  be  employed  as  an  economical  substitute  for 
lamps  and  candles.  The  distifiation  was  performed  in  iron  retorts,  and  the  gas 
conducted  through  tinned  iron  and  copper  tubes  to  the  distance  of  seventy  feet 
At  this  termination,  as  well  as  at  the  mtermediate  points,  the  gas  was  set  fire 
to  as  it  issued  through  apertures  of  different  diameters  and  forms,  purposely 
varied  to  ascertain  which  would  answer  best ;  amongst  these  forms  were  the 
argand  burner  and  the  cockspur  burner,  which  are  the  two  most  generally 
employed  at  the  present  day.  Bags  of  leather  and  of  varnished  silk,  and  vessels 
of  tinned  iron,  were  also  nlled  with  the  gas,  which  was  set  fire  to  and  carried 
from  room  to  room,  in  order  to  ascertain  its  applicability  as  a  movable  light. 
Mr.  Murdock's  constant  occupations  prevented  nis  pursumg  the  subject  further 
until  1797,  when  he  renewed  nis  experiments  upon  coal  and  neat,  at  Old  Cum- 
nock, in  Ayrshire.  In  1798  he  constructed  an  apparatus  for  lighting  the  works 
of  Messrs.  Bolton  and  Watt,  at  Soho ;  and  in  1802,  on  the  occasion  of  the  re- 
joicings for  the  peace,  the  whole  of  the  works  were  illuminated  with  gas.  In 
1803  and  1804  Mr.  Winsor  made  public  exhibitions  of  the  general  nature  of 
gas  lighting  at  the  Lyceum  Theatre,  and  proposed  to  light  the  public  streets  by 
means  of  gas ;  but  the  extravagance  of  nis  statements  respecting  the  advan- 
tages of  the  scheme  were  prejudicial  to  the  plan ;  and  although  an  experiment 
was  made  by  lighting  up  a  portion  of  Pall  Mall,  it  was  soon  abandoned,  and 
the  practice  did  not  come  into  successful  operation  until  the  year  1813,  when 
the  Chartered  Gas  Company  erected  their  works  at  Peter-street,  Westminster. 
Since  this  period  the  practice  of  gas  lighting  has  come  into  general  use  with 
astonishing  rapidity ;  important  improvements  have  been  made  in  the  various 
processes  cdnnected  with  it,  and  gas  is  now  extensively  procured  from  numerous 
substances  beside  pit  coal,  such  as  oil,  tar,  resin,  &c.  We  shall  now  proceed 
to  give  a  general  view  of  the  subject,  bv  describing  the  process  of  gas  making 
as  usually  conducted  at  the  Coal  Gas  Works. 

^A  number  of  cast-iron  vessels,  called  retorts,  generally  of  a  cylindrical  or  of 
an  oval  shape,  and  set  in  a  brick  furnace,  are  heated  to  redness,  and  then  about 
half  filled  with  coal,  and  the  mouths  of  the  retorts  closed  and  carefidl^  luted. 
In  a  short  time  the  decomposition  of  the  coal  commences,  and  the  volatile  parts 
separating  from  the  fixed  parts,  are  conducted  bv  bent  tubes  called  dip  pipes, 
into  a  laree  horizontal  cast-iron  tube  called  the  hydraulic  main,  from  its  neing 
half  full  of  water,  into  which  the  ends  of  the  dip  pipes  are  immersed,  so  that 
the  gas  and  vapours  may  be  forced  to  pass  through  tiie  water,  which  condenses 
a  portion  of  tiie  tar  and  ammonia,  whilst  the  gas  ascends  to  the  upper  part  of 
the  hydraulic  main ;  from  this  it  passes  by  a  pipe  to  the  condenser,  which 
consists  of  a  number  of  metallic  pipes  or  compartments,  surrounded  by  cold 
water.  In  its  passage  through  this  vessel  the  gas  becomes  so  much  cooled  as 
to  occasion  the  remaining  portion  of  the  tar  and  ammonia  to  be  condensed, 
which  latter  products  pass  mto  the  tar  cistern,  whilst  the  gas  passes  into  the 
purifier,  where  it  undergoes  a  process  by  which  tiie  carburetted  hydroeen,  which 
18  the  gas  employed  for  illumination,  is  freed  from  the  sulphuretted  hydrogen, 
and  carbonic  acid  evolved  with  it ;  it  then  passes  through  the  gas  meter,  in 
order  that  the  quantity  may  be  regntered  on  its  wa^'  to  the  gas  holder  (or 
gasometer,  as  it  is  improperly  called),  in  which  it  is  stirred  up  till  wanted  for 
use,  being  conveyed  in  any  required  direction  by  pipes  connected  with^the 
gasometer.  For  the  further  elucidation  of  the  subject,  a  general  view  of  tiie 
apparatus,  with  explanatory  remarks,  will  be  found  on  the  following  page,  a 
rig  1.  in  the  fdlowing  engraving,  represents  a  portion  of  a  bench  of  retorts,  in 
which  five  elliptical  retorts  h  h  are  exhibited,  set  in  an  oven,  the  mouth  of  which 
is  covered  by  the  cast-iron  plate  c,  having  apertures  for  the  introduction  of  the 
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which  aiToTdfl  great  facililies  in  their  removal  when  burnt  out,  and  in  replacing 
them  with  others,  was  first  employed  at  the  Westminster  Gas  Works,  and  is 
the  invention  of  Mr.  Malam,  of  that  establishment    The  fires  for  heating  the 
retorts  are  not  seen,  being  situated  at  the  back  of  the  oven,  by  which  arrange- 
ment the  annoyance  of  the  heat  to  the  men  who  chajRge  the  retorts  firom  Uie 
elevated  platform  d^  is  considerably  diminished ;  the  coke,  as  it  is  raked  from 
the  retcNTts,  falls  through  apertures  « e  in  the  platform,  to  which  apertures  are 
fitted  trap  doors,  or  movable  gratings ;  //  are  the  dip  pipes,  by  which  the  gas 
enters  the  hydraulic  main  ^,  a  transverse  section  of  which,  upon  a  larger  scale, 
is  shown  in  Fijf.  2 ;  A  is  the  pipe  by  which  the  eas  is  conveyed  from  the 
hydraulic  main  to  the  condenser,  to  be  divested  of  the  tar  and  ammoniacal 
liquor.    Various  arrangements  have  been  employed  for  this  purpose;   that 
shown  in  the  engraving,  and  which  we  believe  to  be  generally  preferred,  is  the 
invention  of  Mr.  Perks,  and  consists  of  a  close  vessel  k  divided  into  compart- 
ments 1 1,  each  communicating  with  the  adjacent  one  by  parallel  rows  of  bent 
pipes  m  m,  which  are  surrounded  by  water  contained  in  the  tank  n,  erected  upon 
the  top  of  k.    The  gas  entering  the  condenser  by  the  pipe  h  passes  succes- 
sively through  the  several  rows  of  bent  pipes  until  it  arrives  at  the  e3cit  pipe  o, 
which  conveys  it  to  the  purifier ;  by  whicn  prolonged  contact  with  a  great  extent 
of  cooling  surface,  the  tar  and  ammoniacal  liquor  become  condensed,  and  fall  to 
the  bottom  of  the  compartments  I A  and  from  them  are  conveyed  to  the  tar 
vessel  p,  in  which  the  tar,  from  its  greater  specific  gravity,  occupies  the  lower 
portion,  and  is  drawn  off  by  the  lower  cock,  whilst  the  ammonia,  which  lies 
above  it,  is  drawn  off  by  the  upper  cock ;  g  represents  the  most  approved  con- 
struction for  a  purifier  when  cream  of  lime  is  the  material  by  which  the  car- 
buretted  hydrogen  is  freed  fix>m  the  sulphuretted  hydrogen  and  carbonic  acid, 
with  which  it  is  still  contaminated  after  leaving  the  condenser.  In  this  arrange- 
nnent  of  the  purifying  vessels,  three  cylindrical  vessels  r  rr  are  placed  one  over 
another,  and  from  the  top  of  each  descends  a  smaller  cylinder  is 8,  which  does 
not  reach  the  bottom  of  the  larger  cylinder,  and  which  has  attached  to  its  lower 
end  a  broad  flange  or  shelf.    The  larger  cylinders  are  filled  with  cream  of  lime 
to  about  one-half  their  depth,  which  is  kept  in  constant  agitation  by  broad  vanes 
tt  attached  to  the  spinale  «,  passing  through  stuffing  boxes  in  the  sevend 
cylinders.    The  gas  entering  the  lower  small  cylinder  by  the  pipe  o  depresses 
the  liquid  therein  below  the  shelf,  and  then  rises  up  through  the  fluid  into  the 
upper  part  of  the  outer  cylinder ;  from  whence  it  is  conveyed  by  the  bent  pipe  v 
to  the  second  interior  cylinder,  and  from  it,  in  a  similar  manner,  to  the  third,  from 
which  it  escapes,  as  before  described,  to  the  outer  cylinder,  and  from  thence 
passes  by  the  pipe  w  to  the  gasholder,  or  gasometer  x,  as  it  is   commonly 
termed.    The  gasholder  consists  of  a  large  outer  cylindrical  cast-iron  vessel  or 
trunk  y,  nearly  fiUed  with  water,  in  which  is  inverted  another  cylinder  z  of 
sheet  iron,  a  few  inches  less  in  diameter,  and  open  at  the  bottom ;  the  inner  is 
usually  suspended  by  a  chain  passing  over  pulleys,  and  having  counterbalance 
weights  attached  to  them,  so  as  to  al&w  the  vessel  to  rise  easily  by  the  upward 
pressure  of  the  gas  upon  its  entering.    For  the  purpose  of  suspending  the  inner 
vessel,  a  heavy  frame,  or  bridge,  was  formerly  erected  over  the  whole ;  but  a 
much  superior  method  is  now  generally  employed ;   in  the  centre  of  the  vessel 
X  is  a  tube  of  about  three  feet  diameter,  through  which  rises  a  cast-iron  pillar 
2  to  a  plate,  on  the  top  of  which  are  fixed  the  balance  wheels,  the  weights  3  3 
rising  and  falling  withm  the  pillar.    From  the  gasholder  the  gas  is  conveyed 
by  the  eduction  pipe  to  the  street  mains,  and  nom  there,  or  nrom  the  various 
service  pipes  branching  from'them,  it  is  conveyed,  by  small  wrought  pipes,  to 
the  street  or  private  lamps.  In  order  to  regulate  the  flow  of  gas  into  the  main, 
at  the  junction  of  it  with  the  eduction  pipe  is  placed  a  regulating  valve,  and 
firom  the  main  is  supplied  a  lamp  kept  constantly  burning,  whilst  an  attendant, 
by  partially  opening  or  closing  the  valve,  maintains  the  flame  of  the  lamp  at  the 
proper  height. 

The  engraving  on  the  following  page  represents  an  improved  description  of 
regidating  valve,  which  has  been  introduced  at  the  Batn  Gas  Works  by  Mr. 
Eastwick,  tlie  engineer  of  that  establishment.    The  valve  consists  of  a  chrcular 
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plali  of  tneUl,  nine  incfaei  in  dUnuter,  iluliiig  over  the  montii  ei  the  main  {mm 
ID  a  chamber;  the  &ce  <rf' the  iodez  a  a  repreieiitatioo  of  the  Talreitwl^  •omade 
in  order  that  the  luperinteDdent  may  know  the  preciaa  poaition  of  Aw  ralTi 
at  any  lime.  The  mte  A  ii  a  thin  plate  of  metal  attached  to  a  rod  coming  op 
from  the  Talie  behind  the  index  frame,  in  which  there  a  a  Uitfor  the  pin, 
which  eairiei  the  index,  to  paw.  The  poHion  at  the  circle  B,  which  ii  un- 
corered  by  the  diac,  repreaenli  the  aperture  or  gaawnj  into  the  main  pipe.  G 
ia  a  premire  gauge  connected  with  the  main  on  the  gasooieter  aide  of  thevalTc, 
and  T  anothi  .......  .   .  .. -.1   ..  .■. .  . 


^  ,  m  well  «i  of  the  Burner  before  the  index,  the 
la  known  and  regulated ;  ai  the  night  adrancea,  the  valve  ia 
lowered  more  and  more,  and  in  the  morning  (when  the  lampi  ought  to  be  all 
out)  it  ii  deprened  to  one-tenth  of  an  inch,  that  being  lufficieDt  to  cauae  tho 
eiit  of  the  gaa  in  the  loweit  lituationi. 

The  opposite  engraving  exhibiti  a  new  conitructiuii  of  a  retort  and  of  a  puii- 
fjing  veuel,  fur  which  Mr.  Hobbini,  of  Waljel,  in  Staffordshire,  obtained  a 
patent.  The  olijecta  Mught  by  thete  new  airangementi  are,  first,  an  increaaed 
facility  of  chargmg  and  discharging  the  retort  without  the  necessity  of  luting 
the  jomta;  and  a  more  rapid  decompoaicion  of  the  coal,  hy  spreading  it  in  a  thin 
■tralum  equally  over  the  bottom  or  the  retort ;  and  the  mbwquent  purification 
of  the  gas,  without  employing  mechanical  labour  to  produce  a  constant  "Sta- 
tion with  the  lime  or  other  purifying  materiali.  Fig.  1  shows  a  longitumnal 
■ection  of  a  retort,  suppoaed  to  be  placed  in  a  fiimace  0 
between  the  dotted  lines  no;  the  two  ends  of  the  retort  a 
body,  and,  projecting  beyond  the  brickwork,  are  removed  from  the  influenca  of 
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tbe  fire ;  h  and  e  are  two  scrapers,  with  long  rods  attached  to  them,  which  pass 
through  the  flanged  ends  of  the  retorts,  and  have  cross  handles  at  their  ex- 
tremities. From  each  end  of  the  retort  a  tube  projects  horizontally,  which 
serves  to  support  and  guide  the  scraper  rods,  which  uide  through  Uiem.  The 
form  of  the  scraper  b  is  shown  by  the  separate  figure  2,  and  the  form  of  e  by 
Fig,  3 ;  in  each  of  them  are  two  square  notches,  which,  diding  upon  squara 
bars  of  iron,  placed  longitudinally  on  the  upper  side  of  the  mterior  of  the 
retorts,  are  tnereby  suspended  to  it,  and  kept  uniformly  in  Uieir  proper 
positions.  The  process  of  working  the  retort  is  as  foQows: — previous  to 
charging  it,  the  scraper  c  is  drawn  outwards  firom  the  body  of  the  retort  close 
up  to  its  end,  and  the  scrauer  b  is  pushed  inwards  so  as  to  come  in  contact  with 
e;  both  scrapers  being  tnen  beyond  the  opening  d,  the  charge  of  coals  is 
admitted  through  the  latter  by  opening  the  cover  e  ;  the  scraper  b  is  then  drawn 
back  from  its  position  b^ond  d^  and  thus  spreads  the  cofus  in  an  even  laver 
over  the  bottom  of  that  nart  of  the  retort  exposed  to  the  fire.  About  a  ^t 
from  each  scraper,  the  roos  are  connected  by  a  solid  and  a  hollow  screw,  so  that^ 


h 


when  the  rods  are  drawn  out,  they  may  be  renewed  by  unscrewing  them  at 
these  parts.  As  the  distillation  of  the  coal  proceeds,  the  gas  escapes  by  the 
tube/  and  from  thence  passes  dirough  the  condenser  to  the  purifying  vessels. 
When  all  the  gas  has  been  separated  from  one  charge  of  coals,  the  scraper  c  is 
thrust  forward,  pushing  before  it,  and  clearing  out  eul  the  coke,  which  falls  into 
the  coke  box  g^  from  which  it  may  be  discharged  by  the  mouth  piece  h  into  a  bar- 
row, and  wheeled  away.  As  it  is  necessary  tnat  the  apertures  at  d  and  h  should 
be  dosed  air-tight  during  the  extrication  of  the  gas,  the  lids  or  doors  are  lined 
with  lead,  which,  beinff  screened  from  the  heat  of  the  furnace,  serves  to  close 
the  joints  as  effectually  as  the  troublesome  process  of  luting  them  at  every 
charge.  Fig,  4  gives  an  external  view  of  that  end  of  the  retort  where  the  coke 
is  discharged,  and  Fig»  5  a  similar  view  of  that  end  at  which  the  coals  are  put 
in  ;  the  letters  have  reference  to  the  like  parts  in  each  figure.    Ftg,  6  gives  (| 
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vertical  section  of  a  leriea  of  three  vessels,  ij  k,  which  eonsdtate  the  puriiVinff 
vessels ;  the  lower  parts  of  them  are  occupied  with  a  stratum  of  lime  as  high 
as  the  dotted  line  //  ;  the  impure  gas  passes  from  the  retort  into  the  tube  m,  and 
by  its  pressure  descending  along  the  bent  arm,  it  passes  ont  at  the  bell-mouihed 
end,  and  mixes  with  the  lime  contained  in  the  vessel  i,  wherein  it  deposits 
much  of  its  impurity  by  condensation ;  from  this  vessel  the  gas  again  rises  and 
enters  the  tube  n,  thence  filterin|^  through  the  second  lime  vesvel  j,  it  reascends 
and  enters  the  tube  o  into  the  third  filtering  vessel  k ;  thence  it  proceeds  by  the 
tube  r,  to  the  gasholder,  for  subsequent  distribution.  The  covered  tubes  ppp 
above  the  filtering  vessels  are  for  the  purpose  of  chaiging  them  with  lime ;  the 
dotted  circles  are  perforations  in  the  sides  of  the  vessels  (furnished  with  plugs) 
for  the  purpose  of  ascertaining  the  depth  of  the  stratum  of  lime,  or  other  purify- 
ing material ;  and  the  three  tubes  0  9  0  at  the  bottom  of  the  vessels  are  tor  dis- 
charging the  lime  when  saturated  with  the  various  matters  that  have  been 
condensed  during  the  puri^ing  process.  To  aid  the  complete  discharge  or 
clearing  of  these  vesseb  of  their  contents,  three  bars  of  iron  are  employed  as 
scrapers,  one  in  each  vessel,  and  a  rod,  as  a  handle,  is  screwed  into  each,  and 
passes  through  a  stufiing  box  in  the  side  of  each  vessel.  We  are  not  aware 
whether  the  preceding  apparatus  haa  been  adopted  in  practice.  Retorts  of  a 
semicircular  form  in  their  transverse  section  have  been  tned,  but  although  the 
coal  was  very  rapidly  an1i  efiectually  decomposed,  they  were  so  speedily 
destroyed  that  we  believe  retorts  of  this  figure  are  no  longer  employed.  Upon 
the  subject  of  retorts  generally,  it  may  be  observed,  that  they,  together  with 
the  hydraulic  mains,  and  other  necessary  connexions,  form  one  of  tbe  principal 
items  of  charge  in  the  erection  of  gas  works  on  the  ordinary  plan ;  and  that  in 
conducting  works  on  the  same  principle,  an  enormous  expense  is  annually  in- 
curred by  the  oxidizing  or  burning  away  of  the  retorts.  Indeed  the  oxidation 
of  these  vessels  is  so  rapid,  that  however  the  time  of  their  duration  may  vary 
from  a  difference  of  their  form,  the  quality  of  the  iron,  or  the  mode  of  setting 
them  in  the  furnace,  they  cannot  witostand,  on  an  average,  more  than  eight  or 
nine  months'  wear.  To  avoid  these  sources  of  expense,  and  with  a  view  to 
other  advantages,  Mr.  S.  Broadmeadow,  of  Abergavenny,  devised  the  foUowing 
process,  which  he  secured  by  patent  The  plan  was  adopted  at  the  Aber- 
gavenny Gas  Works,  but  has  not  come  into  use  elsewhere ;  and  although  it  may 
not  realize  all  the  advantages  contemplated  by  the  inventor,  is  deserving  of  notice 
in  this  place.  The  plan  consists,  first,  in  substituting  brick  ovens  for  iron 
retorts ;  secondly,  in  exhausting  the  ovens  of  gas,  as  rast  as  it  is  generated, 
by  means  of  im  exhausting  cylinder,  or  any  equivalent  apparatus ;  and  thirdly, 
in  purifying  the  gas  so  generated,  either  whoUv  or  partially,  by  admitting  into 
the  gasometer  a  certain  portion  of  atmospheric  air.  The  engraving  on 
paee  593,  with  the  following  description,  will  sufficiently  explain  the  process ; 
a  IS  the  oven  in  which  the  gas  is  generated ;  b  the  oven  door ;  d  door  of 
the  fire  grate ;  e  a  pipe  through  which  the  gas  is  conveyed  from  the  oven 
to  the  condenser  /,  into  which  a  small  hand-pump  g  is  mserted  to  draw  cff 
the  coal  tar ;  A  a  pipe  through  which  the  gas  passes  from  the  condenser  into 
the  top  of  the  exhausting  cylinder  t ;  the  piston  of  this  exhausting  cylinder 
receives  its  motion  from  a  small  steam  engme,  which  is  supplied  with  steam 
from  a  boiler  fixed  in  the  flue,  and  heated  by  the  waste  fire  of  the  furnace,  k  k 
two  pipes,  one  leading  from  the  top  and  the  other  from  the  bottom  of  the  ex- 
hausting cylinder  to  the  purifier  /;  m  the  outlet  pipe  to  convey  the  gas  from 
the  purifier  into  the  gasometer ;  and  n  is  a  pipe  branching  from  the  pipe  A  to 
convey  the  gas,  at  the  alternate  vibration  of  the  beam,  into  the  lower  part  of 
the  same  cylinder.  Some  ovens  on  this  principle  have,  as  we  have  afaready 
mentioned,  been  erected  At  the  Gas  Works  at  Abeigavenny,  and  it  is  stated,  that, 
after  being  kept  constantly  at  work  for  two  years,  they  were  not  apparently  the 
worse  for  wear,  whilst  the  charges  for  repairs  had  not  reached  twenty  shillings 
each  per  annum.  Another  advantage  is,  that  as  these  ovens  contain  a  chaige 
equal  to  about  six  fiill  sized  iron  retorts,  and  require  to  be  charged  but  once 
in  twenty-four  hours,  there  la  not  only  a  savinsf  in  the  first  cost  of  erection,  and 
in  the  annual  wear  and  tear,  but  in  all  the  daily  labour  consequent  upon  the  old 
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proceu,  in  which  much  time,  u  well  u  lihour,  ii  unially  expended  in  the 
druiiring  off  the  charge,  and  in  recharging. 


The  next  unprevement,  and  which  indeed  conititutei  a  principal  feature  in 
Mr.  Brosdmesoow  ■  invenboo,  u  that  of  bit  patent  application  <u  an  exhauit- 
ing  cylinder,  or  other  apparatiu,  to  exbauet  the  gu  fhnn  the  condenier,  thereby 
CBuiing  a  partial  Tacuum,  and  enabling  the  gai  to  flow  from  the  ovens  ai  bat 
ai  it  i>  generated.  By  means  of  this  exhausting  apparatus  a  portion  of  atmo- 
apheric  air,  equal  to  about  one-eighth  part  of  tbe  entire  quantity  of  gas,  ia 
admitted  into  the  gasometer,  when  the  oxygen  of  the  aCmocphere  mixing  with 
the  tuphuretted  hydrogen  precipitates  the  sulphur,  and  girea  to  the  lighted  gas 
a  greater  degree  of  brilliancy.  This  mode  of  purifying  gas  is  said,  by  Uie 
■       ■    ■  «■-..... -        .        .. other 
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WrMictoDii's  patent 


nt  nrocai  oJ 
wiu  coal,  in 


Mctioii  of  tbe  •^aratui  rmpli^cd.  In  the  central  Mnipaitinent  at  «  ii  an 
■roD  door  and  frami^  opcnitig  aMve  the  fiR-|daM  fbrmppljiiig  die  fbel  thereto; 
immediately  mtdCT  the aidied  tope/ the  firHlace  h  annall  ^latare ^ for  &e 
admiMMi  of  llie  air  reoniaile  for  the  eombiutum  of  the  fuel ;  there  ii  another 
null  door,  (ibown  hj  doti  at  «,)  for  the  pnrpoae  of  lightiiig  the  fire ;  ^  k  the 
ath-rnt,  <  e  (  ii  the  flae  vbich  docenda,  and  then  take*  the  coune  pointed  oat 
far  the  direction  of  the  arrovi  to  the  chinui^,  that  etiTelopinK  the  decompocing 
chamber,  which  occopie*  the  ipsce  lietveen  the  fluei  and  the  central  finnaee. 
The  coal*  or  other  nibetaticea  to  be  decompoaed  are  introduced  through  an 


iron  door  h ;  thia  door,  u  weU  ai  the  two  other  doort,  1 1  (shown  b;  dotted  Hue*), 

for  extracting  the  coke,  are  kept  dosed  air  tight,  bv  luting,  during  the  proceti 
of  diiUllation ;  and  for  clearing  out  the  aahei  under  the  gratingB,  there  are 
apertures  at  ■  i,  fitted  alio  with  doors,  and  kept  closed  like  3te  last  mentioned, 
whilst  the  decomposition  is  going  fornBrd  within.  The  steam  is  introduced  at 
two  placesfin  the  decomposing  chamber;  one  at/ by  a  pipe  of  retort  earth,  from 
whence  it  ascends  among  the  ignited  coke,  passine  round  the  chamber  in  (he 
direction  shown  by  the  arrows;  the  other  at  *,  where  a  tube  of  retort  earth  if 
extended  across  the  chambers  horizontally,  the  steam  escaping  from  it  through 
nnmeroua  small  holes  -at  the  bottomi  and  sides.  The  gases  and  vapours  pro- 
duced by  these  combined  circumstances  make  their  exit  by  a  pipe  at  o.  Bj 
this  apparatus,  the  patentee  also  profcues  to  decompose  tar  andoil  along  with 
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the  c««li  in  which  case,  Aete  fluids  would  be  introduced  on  the  right  hand 
■ids,  (oppodte  to  t,)  through  tubei,  regulating  the  quantity  by  mean*  of 
tfap-cockB,  which  quanti^  ^ould  of  eoune  never  be  more  than  will  become 
decompoeed,  wbilit  drculatdng  through  the  burning  coal,  without  reaching  ^e 
bottom  of  that  dde  wheie  it  enlen.  The  patentee  obaervea,  that  the  coaU 
■hould  be  broken  into  piecei  not  exceeding  the  liie  of  walnuts,  before  they  are 
put  into  the  decomponng  cbamljer ;  and  Ihat  the  charges  should  be  made  &om 
time  to  time  by  teeth  layer*  of  an  inch  and  a  half  in  thickoew,  after  the  pr»- 
Tious  charge  hai  become  red  hot 

We  have  already  staled  that  Mr.  Murdoch  experimented  upon  wood  and 
peat,  as  well  as  pit  coal,  in  otder  to  ascertain  the  qualities  and  quantities  of 
ulnminatiQg  gas  furnished  by  each.  Shortly  after  the  introduction  of  gat  hght- 
ing  into  pubue  <ue,  experiment*  were  made  upon  various  other  substaucea, 
with  the  same  view;  as  coal  tar,  pitch,  pine  knots,  and  sawdust;  and  in  1615 
Mr.  John  Taylor  obtained  a  patent  for  an  apparatus  for  the  purpose  of  preparing 
inflammable  gas  from  any  kind  of  snimal,  vegetable,  or  mineral  oU,  fat, 
bitumen,  or  resin,  which  can  be  rendered  fluid  by  heat.  The  process  may  be 
briefly  described  as  follows ;  the  liquid  material  is  allowed  to  flow  in  a  verr 
minute  ilream  into  a  retort  heated  to  redness,  and  containing  a  quantity  of  coke, 
bard  broken  bricks,  or  other  porous  and  refractory  eubstancei;  here  the  oil  is 
speedilj  converted  into  a  very  fine  and  brilliant  gas,  which  is  conducted  to  a 
(Jose  vessel  surrounded  by  water,  in  order  to  condense  any  oil  which  may  have 
come  over,  not  decomposed,  or  in  the  state  of  vapour,  which  oil  is  returned  ta 
the  retort  by  a  very  simple  arrangement.  From  the  condenser  the  gas  enters 
a  vessel  containing  the  liquid  from  which  the  gas  ia  prepared,  by  which  a 
further  condensation  of  any  condensible  vapour  which  the  gas  may  contain  is 
efiected,  and  the  gas  then  passes  into  the  gasometer. 

Mr.  Philip  Taylor  some  time  aflerwards  obtained  a  patent  for  an  improved, 
apparatus  for  obtaining  gas  from  various  substances  in  a  liquid  state,  a  sectioQ 
of  which  apparatus  is  eKoibited  in  the  following  engraving.     When  the  liquid 


maOn  introduced  into  the  retort  ii  of  easy  decompotitioo,  one  dittillatiDa  of  it 
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through  a  single  retort  will  be  in  general  idBdent  to  separate  the  gas  in  a 
tolerably  pure  state ;  when  they  are,  however,  such  as  to  require  a  loneer  pro- 
cess, the  gaseous  producte  of  the  first  distillation  are  passed  into  a  second  retort, 
to  complete  the  separatbn  of  the  contaminating  matter.  As  many  as  ten 
retorte  similar  to  those  shown  in  the  en^Ting  mav  be  couTeniently  arranged 
over  one  furnace.  In  the  case  of  a  smg^e  distillatioo  it  is  thereforo  to  be 
understood  that  Uiese  are  all  supplied  at  once  with  the  fluid  matter,  and  the 
product  of  each  ntort  respectivdy  is  carried  from  them  direct  to  the  gas  holder ; 
out  when  a  second  ^tillation  is  necessary,  the  ten  retorts  before  mentioned 
would  be  employed  as  five  pair,  and  the  diagram  is  drawn  so  as  to  show  the 
operation  either  by  a  single  or  by  a  pair  of  retorts,  which  we  shall  now  explain. 
The  figure  gives  a  vertical  section  of  two  cast-iron  retorts^  a  and  6,  fixed  over  a 
furnace  constructed  with  fire-bricks ;  the  retorto  are  about  four  feet  long,  of  a 
cylindrical  form,  with  covers  accurately  fitdne  their  necks  so  as  to  ren£r  the 
vessels  air-tight,  when  thev  are  luted  on  and  nstened  down  with  keys  or  screwi. 


casmg 

or  shell  of  wrought  iron  is  placed,  exactly  fitting  the  interior ;  these  are  filled 
with  fraffmento  of  brick  or  coke,  &c.  and  as  these  materials  require  to  be  fre- 
quently coanged,  each  case  is  provided  with  ears  or  lugs,  for  the  convenience  of 
orawing  them  out,  or  letting  them  down  into  the  cast-iron  retorts.  Vertical 
tubes,  epfSie  nlaeed  in  the  centro  of  each  rotort ;  thev  aro  connected  at  their 
upoer  ends  by  tne  horixontal  tube/  and,  passing  through  the  covers,  their  other 
^nas  descend  to  the  bottom  of  the  retorti^  when  they  are  perforated  with  hdes^ 
as  shown  in  the  figure.  The  internal  cases,  previously  empty,  are  then  filled 
with  broken  bricks  or  other  substances  before  mentioned,  and  the  covers  and 
jointo  being  all  properly  luted  and  secured,  the  rotorte  are  exnosed  to  the  action 
of  the  fin  until  the  material  contained  in  them  acquire  a  red  heat.  Thus  pre* 
pared  for  operation,  the  fluid  to  be  distilled  is  allowed  to  flow  through  the  pipe 
il  iii  a  small  Quantity  into  the  retort  a ;  here,  falling  upon  the  red  hot  matenau, 
the  process  or  decomposition  commences,  which  is  assisted  by  the  filtration  of 
the  liquid  through  these  substances.  Having  arrived  at  the  bottom,  the  gaseous 
portion,  passine  through  the  perforations,  rises  up  the  tube  e;  thence,  pro- 
ceeding along  Uie  branch/,  it  descends  into  the  second  retort  6,  by  the  pipe  y, 
and  passing  out  again  through  the  holes  at  the  bottom  of  y,  the  gas  reascenda 
among  the  ignited  materials,  being  purified  in  its  progress,  until  it  arrives  at  the 
tube  ht  whicn  conducts  it  to  the  gasholder.  When  the  operation  oonsiste  of 
only  a  single  distillation,  the  fluid  is  introduced  by  a  pipe  i,  shown  by  the 
dotted  lines.  In  this  case  the  tube  g  does  not  extend  higher  than  the  cap  of 
the  retort,  in  the  centre  of  which  the  pipe  enters,  and  passes  down  the  middle 
of  the  tube  jr,  within  six  inches  of  the  oottom ;  (Vom  thence  the  liquid,  flowing 
through  the  perforations  among  the  red  hot  materials,  becomes  quicklv  decom- 
posed, and  tne  resulting  gas,  filtering  as  it  ascends,  reaches  in  nearly  a  pure 
state,  the  tobe  h,  which,  as  in  the  former  case,  conducts  it  to  the  gasholder. 

Coal  tar  has  already  been  noticed  as  one  of  Uie  products  resulting  from  the 
distillatien  of  coal,  and  at  the  first  establishment  of  public  eas  works,  great 

{)rofite  were  expected  to  be  realized  from  the  sale  of  this  article  ,*  but  from  the 
arge  quantities  produced,  and  from  its  inapplicability  to  most  of  the  purposes 
for  which  vegeteole  tar  is  employed,  it  was  soon  found  difiicult  to  find  a  maiket, 
and  it  became  an  object  to  utilize  Uie  material  by  converting  it  into  gas.  For 
this  purpoae  various  processes  were  resorted  to,  nearly  resembling  that  just 
described,  for  converting  oil  and  other  liquid  matters  into  gas;  but  a  serious 
inconvenience  was  found  to  residt  from  the  deposition  of  asphaltum  in  the  pipes, 
(owing  to  the  imperfect  decomposition  of  the  tar,)  which  quickly  c^ked  them 
up,  and  rendered  them  unserviceaUe,  whilst  the  gas  afforded  but  a  feeble  light, 
and  emitted  much  smoke.  Numerous  plans  have  since  been  proposed  for  the 
remedy  of  these  evils,  of  which  we  shall  only  notice  the  invention  otMean.  Vere 
and  Crane ;  the  apparatus,  it  is  stated  in  the  specification,  is  also  applicable  to 
the  distillation  of  all  animal  or  vegeUble  solid  or  liquid  matters,  from  whidi 
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carburettedhydrogentDfty  be  obtained.    The  proctta  eonnitt  in  introducing  into 

tbe  ratort  a  conitant  Btream  of  water,  or  a  current  of  st^am  into  tbe  exit  pipe, 
which,  mixing  witb  the  Tolatils  matten  ariiing  from  tbe  tnbitaiice  nndo' 
deeompoaition,  cauna  them  to  fall  down  again  into  tbe  retort  without  proceeding 
fhrtber  to  choke  up  the  pipe,  while  the  more  gaieoui  product!  paaa  on  thiougD 

brickwork  a 


B  to  their  dettlnatian. 


eoui  pro 


afterwardB  treated  ii 


1  the 
le;  tbe 


latten  have  a  reference  to  tbe  lame  parti  in  Moh  figure,  a  it  the  uh-pit,  i 
the  furnace,  c  e  tbe  flue  winding  round  the  retort)  d  the  retort,  with  its  lid 
fastened  in  tbe  nmal  way  hy  a  cron  bar  and  Ktew ;  (  tbe  exit  pipe,  throngb 
which  the  gM  eeeuei  at  it  ii  generated ;  /  "  ■  wrougbt-iron  pan  or  tray,  to 
hold  tar  or  other  liquid  matter  to  be  diitiUed ;  g  •  eupply  pipe  to  /,  Irediog 
from  the  eietem  or  rtter-"-  '■  -"  =-  -  — • ' —   -"•'  •■  -  — •—  »'  — <— 


it  a  water  pipe,  and  t  a 
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Whta  tax,  for  iiutaiice,  ii  to  b«  operated  upon,  Oie  retort,  pwll;  filled  witlt  coke 
or  broken  biicks,  ii  to  be  brought  to  a  bright  rt^  heat,  vhich  may  be  aacertained 
by  iti)peclion  through  tba  holei  o  o,  ihown  in  Fig.  1,  vhich  are  provided  with 
itoppen ;  the  cock  of  the  water  pipe  u  then  opened,  lo  admit  the  water  to  flow 
in  a  slender  atreom  into  the  retort,  the  heat  of  which  immediately  convert*  it 
into  vapour.  Thi»  done,  tar  ii  to  be  admitted  from  the  reaerroir  h  to  flow 
Ihnnign  the  pipe^  into  the  pan/,  where  it  i>  quickly  decompoMd;  the  gaa,  a* 
it  asceodi,  enten  the  exit  pipe,  and  neceatarily  paMea  throuKh  a  large  volume 
of  iteam,  which,  the  patentee*  itste,  caniei  an  initaot  precipitation  of  the  ear- 
bonaoeoui  matleri,  which  would  otberwiie  lodge  in  the  pipei,  and  ultimately 
ubatruct  the  panage  of  the  gaa  through  them.  The  gaa  tbui  relieved  in  the 
earlieit  itage  fhim  the  prindpal  contaminating  roatteri,  ha*  then  to  pat* 
through  the  ordinary  punGcationi,  by  which  it  u  ultimately  delivered  to  the 
humeri,  in  a  itate  of  great  purity,  for  conaamplion.  When  coal  or  other  (olid 
matten  are  (o  be  decomposed  to  obtwn  the  gaa,  the  pan/,  the  pipe  o,  and  the 
reservoir  A,  are  to  be  removed,  and  the  operation  conducted  without  them, 
retaining  however  the  uie  of  a  current  of  steam  ai  before. 

The  lubfoined  engraving  repreaenta  Mr.  Gordon'*  portable  gaa  lamp.  The 
idea  of  employing  gas  a*  a  aubitituta  for  lamps  and  candlu,  occurred  to 
Mr.  Murdoch,  u  we  have  seen,  so  early  a*  tht  year  1792,  when  he  made 


■ome  en>erimenti  irith  that  view,  but  •eemi  to  have  lubaemiently  abm- 
doned  the  idea  ;  but  to  Mr.  Gordon  ii  due  the  merit  of  reuiting  it,  and 
thus  at  len^  rendering  inflammable  gas  applicable  to  every  [Hirpoae  of  arti- 
ficial illummation.  These  lamps  consist  of  strong  wrought-iron  vea*d*  of 
varioui  dimension*  and  form*,  in  which  the  gas  is  compressed  into  one  thirtieth 
of  its  bulk  at  the  ordinary  atmospheric  preuure ;  the  flow  of  the  ga«  being 
regulated  with  the  utmost  exactness,  according  to  the  degree  of  light  require^ 
by  a  valve,  which  we  shall  subsequently  describe. 

A  company  having  been  formed  lo  carry  Mr.  Gordon's  invention  into  efiect 


upon  an  exteniive  s^e,  works  have  been  eitablithed  in  London,  and  at  si 
of  the  principal  country  towns,  at  which  the  gas  is  manufactured;  and  the  latnpa 
being  charged  therewith,  are  fiimiahed  to  the  concumer  ai  occasion  require*. 
The  gas  with  which  the  lampi  are  charged  is  uaually  procured  from  ml,  on 
account  of  iti  greater  purity,  and  of  it*  occupying  lesi  space  than  coal  gas,  one 
foot  of  oil  gat  bein^  eqiu'valent  in  illuminalmg  powers  to  nearly  three  feet  of 
coal  gaa.  The  gaa  la  generated  by  the  unial  pToce*sea,  and  the  fnllowing  en- 
graving repreienta  the  apparatua  employed  at  the  London  Portable  Gas  Work* 
for  charging  the  lamps:  oia  the  main  horizontal  ahaft  of  a  *team  engine,  upon 
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which  are  fixed  («o  ipur  wheeli  bb;  the  teeth  of  tbcM  Uke  Into  the  teeth  of 
two  BimQai  vheeli  ee  fixed  on  the  tiait  of  a  three-throw  cmik,  to  which  ia 
(bereb;  eommunicated  a  rotatory  tnotioii.  The  crank  imparta  (in  the  unud 
manner)  an  altemstine  motion  to  the  rode  tee,  which  work  three  fbroe  pumpa : 
tar  a  deicription  of  tee  forcing  pump*  originsUv  emplojed  for  thia  purpoie, 

ahkh  were  of  a  diuulariy  ingenious  conatrucbon,  dthouch  we  believe  they 
re  (ince  I>een   replaced   bj  othera   more  nearly  teaemhling  the  ordinary 


fi>rce  pump,)  we  refer  the  reader  to  the  article  Aia  Four.  Ai  the  plunger  of 
each  pump  ia  nicceaaivelv  raiaed,  ■  quanti^  oF  ga«  equal  to  the  apace  pre- 
vioualy  occupied  by  the  plunger  flowi  from  the  gaatiolder  into  the  chamber  i' 


the  oDpodte  end,  by 
brougnt  into  view  al 
that  It  cannot  rctuni 


,  ._, ..  _  pipe  of  communication,  part  of  which  ia 

brougnt  into  view  at  /.     The  vdvc  by  which  the  gaa  enters,  opens  imaird,  ao 
.1..1 .. 1.  _. —  .1. :. .  |jy[  there  is  another  valve  which  o^n* 
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OMkoardf  And  thb  if  kept  doied  by  «  wring  tf  lufficiail  power  to  prtrent  tbt 
Mcspe  of  the  gas  in  the  imoompteMtd  state ;  upon  the  detcent  of  the  phinger 
the  strength  of  this  spring  is  oTeroome,  the  gas  is  forced  oat,  and  the  mre 
closes  again.  From  tne  pumps  the  gas  praeeeds  alon^  the  tube  pt  ■nd  enicfi 
by  the  jointed  valve  A,  into  a  sfarong  wrought  iron  reeipient  •;  in  this  vessel  it 
is  evident  the  gas  might  be  oollected  and  condensed  to  any  required  number  of 
atmospheres;  but  the  valve  j  being  opened  (by  thecroas-hanoled  key  shown), 
the  gas  is  suffered  to  flow  tlirough  the  pipe  k  k,  which  is  extended  along  the 
upper  side  of  the  **  filling  table"  tn,  and  from  thence  into  the  reservofrs  (**  pott- 
aole  lamps")  ///(  by  which  arrangement  the  pressure  of  the  gas  beoomes 
equalized  in  all  the  vessels,  however  great  their  number.  The  demt  id  eon- 
densadon  at  which  the  gas  has  arrived  by  the  continued  action  of  the  pumps,  ii 
shown  throughout  the  process  by  a  mercurial  gnage,  applied  in  the  fiiUowing 
manner.  The  pipe  n,  which  proceeds  from  £e  recipient  i^  conveys  the  gas 
under  compression  into  the  reservoir  of  mercury,  at  the  bottom  of  the  gaage 
o  o;  the  pressure  of  die  gas  upon  the  surface  of  the  mercury  causes  the  latter 
to  rise  in  a  long  p;lass  tube,  hermetically  sealed  at  top,  and  indoaing  a  portion 
of  atmospheric  air  above  the  surface  of  the  mercury ;  this  air  be<»mes  com- 
pressed into  a  smaller  space  by  the  rise  of  the  mercury,  as  the  condensation  of 
the  ffas  advances,  and  the  diminution  of  its  volume  indicates,  upon  a  scale 
attacned  to  the  tube,  the  degree  of  condensation  or  pressure  in  the  lamps ;  and 
when  the  mercurv  arrives  at  the  line  denoting  thirty  atmospheres,  the  valve  j  is 
shut  by  means  of  the  cross  handle.  All  the  Tamps  attachea  to  the  pipe  in  con- 
nexion with  the  closed  valve  being  now  filled,  are  taken  away  by  unscrewing  them 
from  the  sockets  in  the  tube,  llie  extemid  pressure  being  removed  by  turning 
off  the  «u^  the  lower  valves  of  the  lamps  close  by  the  pressure  of  the  gas 
within  them,  and  the  contents  are  further  secured  from  escaping  by  a  workman 
screwing  a  cap  over  the  lower  valve  as  he  successively  removes  each  of  them 
from  the  tube.  To  ascertain  whether  there  is  any  leakage,  the  lamps  are  im- 
mersed one  by  one  in  a  contiguous  trough  of  water,  where,  if  any  leakage 
exists,  it  is  immediately  shown  oy  the  gas  bubbling  up.  The  perfect  state  of 
each  lamp  being  thus  ascertained,  they  are  arrangea  in  extensive  racks  or 
stands,  ready  to  oe  taken  out  to  the  consumers  by  the  Company's  carts,  which 
are  regularly  dispatched  to  all  parts  of  the  town. 

To  complete  the  subject,  we  shall  proceed  to  describe  the  comtmetian  of  these 
valves,  of  the  ute»  of  which  we  have  only  yet  spoken :  they  are  of  three  kinds, 
and  were  the  subject  of  a  patent  granted  to  Mr.  Gordon. 

The  annexed  engraving  gives  a  sectional  view  of  an  improved  stop-valve 
(similar  to  those  attached  to  the  princicMd 
recipient  t),  especially  adapted  for  transfer- 
ring the  compressed  gas  from  one  vessel  to 
another,  without  occasioning  loss  during  the 
process.  It  is  composed  of  two  pieces  of 
metal,  A  and  B,  which  are  screwed  together 
with  a  soft  metal  collar  between  them  at  a 
a ;  e  e  represents  the  openings  through 
which  the  gas  is  allowed  to  pass.  The  piece 
A  has  the  regulating  steel  screw  c  tapped 
through  it,  being  formed  at  the  lower  part 
with  a  double  cone,  one  part  of  which  cone  is 
adapted  to  fit  correctly  into  the  cavity  in  the 
under  side  of  the  piece  A.  Now  when  the 
lower  cone  of  the  regulating  steel  screw  is 
screwed  or  forced  tight  down  into  ihe  conical 
seat  in  the  piece  B,  it  prevents  all  escape  of 
the  gas;  and  when  it  is  desired  to  transfer 
compressed  gas  from  one  lamp  or  reservoir  to 
anotner,  the  regulating  screw  c  is  to  be  turned 
until  its  t^per  cone  fits  and  applies  correctly  into  the  conical  cavity  of  the  piece 
A,  and  thereby  prevents  all  escape  of  the  gas  up  the  threads  of  uie  regulating 
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msttm  during  the  pncw  of  WatfOTring,  •Uowing,  at  the  umB  time,  free  no*. 
tafs  ctf  the  gu  Iran  one  mervoir  to  another,  through  the  OMninn  t* 
The  neit  valve  to  be  deacribed  ii  the  one  r        »       ■ 

which  a  fijcad  at  the  bottom  of  each  Tciervoir  ^ 

or  lamp,  for  the  purpoie  of  filling  them  in  the 
manner  described  in  the  preceding  part  of  our 
lubject;  the  anneied  cut  repreaenli  a  aec- 
tion  of  one  of  those  valveg.  Itiii  filling  valve 
conaiita  of  a  unall  conical  plug  a,  which  ii 
fitted  into  a  conical  cavity  or  leat  m  the  piece 
of  metal  e,  limilar  to  the  valves  of  an  air-gun, 
being  cloaed  bj  a  flight  steel  spring  A,  and 
guided  in  its  wajj  by  a  metal  pin,  which  slides 
flirough  a  hole  in  a  email  brais  cap  or  per- 
foraled  cover  t,  represented  aa  screwed  over 
it ;  d  shows  a  brass  plug,  which  is  intended  to 
be  screwed  into  the  lower  aperture  of  the 
piece  e,  afler  the  filling  ii  completed.  The 
tt^er  surface  of  this  acrew-plug  is  Airnished 
with  a  soft  metal  ring  or  collar,  bb  (as  in  the 
befbre-mentioned  valve),  which  beingprewed, 
by  the  force  of  the  screw,  into  contact  with  the  under  side  of  the  piece  c  effec- 
tually prevents  any  escape  of  the  gas  from  that  end  of  the  reservoir,  even  if 
the  nlhne  valve  ^  should  not  be  quite  air-tight. 

pie  folbwing  figure  represents  a  section  of  the  third  and  last  of  these  valves, 
and  Its  use  is  to  permit  the  flow  of  gas  to  the  burner  to  be  regulated  with  great 
nicety  and  precision.     The  passages  fbr  the 
gas,  se,  are  drilled  out  of  one  solid  piece  of  ■• , 

metal,  and  the  regulating  screw  e  a  tapped  ij     | 

into  the  side  of  the  same  piece;  tbelower  part J"  i „ 

of  it  is  adapted  to  screw  into  an  aperture  at 

one  end  of  the  reservoir  of  the  lamp,  when  -.      .., 

the  regulatine  steel  screw  e  is  screwed  up  so  \ 

that  its  conical  end  fits  tightly  into  the  conical        h  \  -— -* 

cavity, — it  closes  it  perfectly,  and  prevents  all  ^       \  ? 

escape  of  gas  to  the  bumera/  but  on  turning  5  ,      tV**^  % 

the   regulating   screw   slighUy  round   by  its  ■  ..at-AlS^i.t 

square  liead,  the  gas  escapes  through  the  pai- 

■agee  e  e  to  the  burner,  in  any  degree  that  may  be  desired.     Previously  to  in- 

•erting  the  regulating  screw,  it  is  dipped  into  a  mixture  of  bees'  wax  and  oil, 

which  Ells  up  every  minute  cavity  or  space  which  may  be  left  between  the 

threads  of  the  two  screws. 

The  engniviog  on  pare  602  repreienle  a  contrivance  for  delivering  gas  to  the 
consumers  in  its  naturd  volume,  under  atmospheric  pressure.  It  consuts  of  a 
collapsing  gasholder,  capable  of  containing  upwards  of  1000  cubic  feet  of  gas; 
ft  is  mounted  on  wheel* ;  and  being  charged  at  the  gas  works,  the  gas  is  con- 
veyed wherever  retjuired.  The  invention  forms  the  subject  of  a  patent  to 
Messrs.  Coles  and  Nichobon,  and  is,  we  believe,  rnade  use  of  by  the  Portable  Ga« 
Company  at  Manchester,  in  addition  to  the  gas-condensing  apparatus  erected  at 
theii  works  at  that  place.  Fig.  1  represents  apian  of  the  cart,  with  the  top  (j  it 
removed ;  /b,  2  is  a  side  elevation,  and  I^.  3  a  front  elevation ;  Fig.  4  ii 
merely  an  enlai^ed  section  of  the  box  marked  dia  Fy.  2.  The  recipient  la 
composed  of  two  distinct  parts  or  halves,  a  and  b ;  the  upper  part  a  is  made  of 
some  flexible  material,  impervious  to  gas ;  and  the  lower  part  b  of  some  com- 
paratively stiff  and  inflexible  substance;  when  the  vessel  is  emptv,  the  part  a, 
turning  itself  bside  out,  falls  down  inside  of  £ ;  the  vessel  is  filled  by  forcing 
the  gas  from  the  works  through  a  pipe,  which  is  screwed  bto  a  node  at/  pro- 
vide with  a  Btop-cock,  which  i*  tumed  off  after  the  recipient  is  fiiUy  inflated, 
and  the  supply  pipe  from  the  works  removed.  The  machine  then  travel* 
titrongb  the  ttreeti,  and  stopping  at  a  customer's  door,  one  end  of  a  flexible 
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ripe  b  wnxd  inio  tlie  km1mU(«  of  the  bouM,  aixl  the  otbcr  end  mto  a  nod* 
CtL.  box  d,  whkh  «»niniiiiie«te«  witk  the  inWrior  of  the  ledpieiit  by  iiie«pa 
of  mI«medi.leT»l™eibowi.»l  JV4-  ""»"  gM:«ihwrf~  " ,"  .thwj  g°ta 
motion  by  the  lundle  ■!  the  top^  ud  at  omy  eidwnithig  •trDkii  a  filled  wdb 


git  ftvin  the  KM  cait  througli  the  valve  g,  lig.  4 ;  ^and  at  sach  Ibrdng  ftrok^ 
e  KU  >■  discharged  throu^  the  Talve  h,  and  alons  the  flexible  i^pe  into  the 
gaiEolder  of  tha  Louie,  imul  the  required  quantity  u  transferred,  lie  gai  cart 


and  at  the  other  with  the  box  d  of  the  exhauater,  and  perforated  with  name- 
rouB  imall  holes,  for  the  purpose  of  allowing  the  passage  of  the  ms  along  the 
bottom  of  the  cart  when  the  flexihle  top  lies  over  iL  Since  flie  (brwniiiS 
account  of  the  Portable  Ga*  Machinerjr  was  prepared  for  the  press,  we  nave 
been  informed  that  it  has  been  nearl;  tuperaeaed  hj  subsequent  improveineiib 
in  the  manafaeture  and  mana^ment  of  ceolgas;  nevertheksL  the  tuly'ect  poa- 
seiee*  sufficient  intritisia  ment  for  our  pagei,  as  muoh  of  Uia  mechanism  i« 
^idicablB  to  other  purposes. 
The  "Donieitic  uas  Apparatus''  ihown  In  the  following  engraviug,  Is  aa 
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be  adapted  to  |iriTate  bouiet.     An  app«i«iui  of  Ibe  kind  vnu  exhibited  in  u' 


for  a  considerable  time  in  the  Stnuid,  and  ne  believe  the  ii 
adopted  in  various  ext«niive  private  Mtabliahmeuta  and  sinall  manuTactoriei. 
Fig.  I  is  a  front  elevation ;  F^.  2  a  lateral  section  of  the  apparatus ;  Fig.  3  a 
section  of  the  retort  i  and  Fig.  1  a  tectioa  of  a  tctorl  of  a  different  canitruci 
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tioo ;  Fig.  5  is  a  tectioD  of  the  eondeoier.  In  eacli  bottom  ISgnre  tihe  ime 
litteii  nfiv  to  the  nme  porti/  «»  /E^.  1  and  %  ahowi  iti  omJicifinn  to  ft 
kitehen  range,  but  it  is  equally  adantfJ  to  an j  other  eommon  nre-pboe ;  h  ft, 
Fig.2t  isareeessorfnxnaoebiultin  nridattfaehaekof  thefiie-jplaoeyOOTcred 
in  front  by  an  iron  phUe  c^  and  having  a  floe  d  openii^  into  the  chimner ;  c, 
IW.  ly  2,  and  8,  is  •  cylindrical  retort,  dinded  by  two  ormote  internal  par- 
titiona,  radiating  ftom  a  conical  pme/,  as  shown  in /S^.  8.  The  retort  is  turned 
with  a  small  rim  or  flange  at  the  tore  end,  which  fits  into  the  plate  e,  and  the 
hinder  end  is  supported  by  a  stout  pin  nrojeeting  from  the  back  of  the  retort, 
and  resting  in  an  iron  socket  lei  into  ttie  farickworiL  The  hinder  end  of  ^ 
pipe  /  terminates  in  a  cup  or  cavity  ^,  pierced  with  several  holes,  and  serving 
as  a  chamber  for  the  eas  to  collect  m ;  the  pipe/is  also  niereed  with  nmnerois 
small  holei^  to  allow  £e  tar,  as  it  forms,  to  fill  through  them  upon  die  burning 
fuel,  where  it,  as  well  as  tiiat  portion  wliieh  runs  down  the  eonical  pipe/and 
the  cup  $9  is  decomposed  and  converted  into  gas.  In  the  fere  end  of  the  pipe 
/is  screwed  a  stuffing  box,  throuffh  which  passes  the  pipe  Ay  leading  to  the  con- 
denser. Each  compartment  of  the  retort  has  a  door  or  mouth-piece  si  ai,  tnr 
which  the  coal  or  other  material  for  making  gas  is  introduced,  and  die  door  is 
secured  by  screws,  the  joints  being  either  eround  true  or  luted ;  n  is  an  iron 
plate,  sliding  in  grooves,  and,  when  lowered  Sown,  serving  to  defend  the  fiuae  of 
the  retort  and  the  pipe  k  from  the  action  of  the  fire.  /f^.  5  is  a  vessel  divided 
into  two  parts,  the  lower  part  o^  which  is  air  tight^  oontaininff  a  quantity  offer, 
into  which  the  pipe  k  dips  a  few  inches ;  it  is  snpplied  with  tar  from  another 
vessel pt  by  means  of  a  bent  pine  a;  r  is  a  pipe  for  drawing  off  the  tar  when 
required,  and  «  an  openinjr  by  wnich  the  tar  runs  down  the  pipe  k  into  A,  and 
thence  into  die  retort  The  upper  division  of  Fig,  5  contains  a  ranee  of  bent 
pipes  t  i  surrounded  by  water,  one  end  of  which,  e,  opens  into  a,  and  the  other 
end»  «9  leads  to  the  sasometer ;  from  the  lower  bends  of  these  pipes  short  pieces 
ffg  dMcends  into  ttie  tar  in  o^  by  which  means  the  tar  condensed  m  the 
pipes  i  i  descends  into  o,  whilst  the  gas  cannot  escane  through  the  shwt 
pipes.  The  operation  is  as  follows : — ^the  retort  being  cnarged,  and  die  doors 
secured,  the  retort  is  turned  till  the  chambers  are  in  the  posidon  shown  in  Fim, 
I  and  3 ;  the  shutter  n  is  dien  let  down  and  the  fire  lignted,  a  portion  of  the 
heat  and  flame  from  which  passes  through  an  aperture  in  the  back  of  the 
range  Tshown  by  the  black  soaoe  between  the  bars  in  Fig,  I,)  into  ^e  fiimace 
b,  causmg,  in  a  short  dme,  tne  lower  part  of  the  retort  to  become  red  hot,  and 
the  coals  or  other  materials  in  the  interior  to  give  out  gas,  which,  collecting  in 
the  chamber  g,  passes  dirough  the  pines/  and  A  to  the  condenser ;  at  the  same 
time  dbe  tar  given  out  by  the  coals  in  the  tipper  chambers  of  the  retort, 
descends  through  /  snd  o  on  to  the  burning  frieL  in  the  lower  chamber,  and 
becomes  decomposed.  When  it  is  supposed  that  the  materials  in  the  lower 
compartment  have  given  out  all  the  gas  contained  in  them,  the  retort  is  turned 
partly  round,  so  as  to  bring  anodier  compartment  immediately  over  the  flame, 
when  the  ftm  is  again  given  out  as  before.  The  gas  thus  formed  contains  tar 
and  other  impurities,  from  some  of  which  it  can  be  freed  by  a  reduction  of  tem- 
perature ;  die  pipe  k  is  therefore  made  to  dip  a  few  inches  into  tibe  tar  vessel  a, 
and  through  this  tar  the  gas  has  to  rise  to  enter  the  condenser,  by  which  means 
it  is  divested  of  a  portion  of  its  impurities,  and,  upon  entering  the  condenser, 
it  passes  through  a  |;reat  length  of  pipe  surronndedf  by  cold  water,  when  all  the 
eondemahle  impurities  are  separated,  and  descend  into  the  tar  vessel  by  the 

Jipes  y  y.  The  tar,  as  we  have  before  stated,  returns  to  the  retort  by  the  pipes 
and  A,  and  is  decomposed  by  falling  on  the  burning  coke  in  die  retort  From 
the  condenser  the  eas  passes  to  the  purifier,  and  thence  to  the  gash<^der ;  but 
the  method  of  purifying  the  gas,  either  upon  a  large  or  a  small  scale,  forms  the 
subject  of  a  separate  patent  to  Mr.  Pinkus,  which  we  shall  now  proceed  to  de- 
scribe, observing  only  that  Hg,  4,  in  the  preceding  engraving,  merely  repre- 
sents an  oblong  retort,  which  may  be  substituted  for  the  one  before  described, 
when  the  length  of  the  fire-place  will  admit  of  it ;  it  will  then  of  course  be 
fixed,  instead  of  turning  upon  a  pivot,  and  die  fas  will  pass  off  by  the  pipe  A. 
and  die  tar  return  by  A^  inserted  in  the  top  of  the  retort 
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,  lojed  bj  Mr.  Flnknf,  n*  tlw  cUorUos  of  hkIs 
•r  ef  tine.  The  flowing  eognving  repreieDti  two  utBiigamenU  of  tha 
purifying  TeMeUi  the  oae  adapted  to  the  lue  of  eu  worki  od  >  luge  tcale, 
and  the  other  for  the  me  of  pnrate  homes,  to  purify  th«  pm  a»  it  pM«ei  from 
the  public  main  to  the  bumert.  The  method  ii  as  foflowe:  the  gao,  upon 
leanng  the  cradeoMi',  pauei  throi^h  a  acJutiao  of  the  chloridet  of  aoda  or  of 
&a«,  which  tna;  be  contained  in  a  Teeael  Teaembling  that  ihown  in  lactioii  at  - 
f^,  I,  through  which  the  goi  laajr  be  made  to  paat,  acting  under  a  preaaura 


of  from  ten  to  twenty  htehe*  of  water,  by  which  means  it  will  be  purified,  and 
ha  obnosioui  odour  and  bad  imell  removed ;  in  additiwi,  the  patentee  recom- 
mend*  to  pour  a  qnanti^  of  the  same  tohitian  into  the  f««der  A,  Fig,  3,  from 
whence  it  flows  into  the  Ur  vewel  bib,  through  the  bent  tube  e.  In  thia 
veaad,  (which  communicrtea  with  the  retort  by  the  pipe  <t)  the  iolutioB  will  mix 
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with  the  condensed  matter  that  falk  into  it  through  the  bnmch  pmt  eoonect* 
inf  Ae  refrigerator  tubes  ffff  (which  are  tmsiersed  in  a  veael  of  water  f  g^ 


with  the  tar  Teael.  The  compound  thus  fiirmed,  and  kept  agitated  by  the  gas 
issuine  from  the  dip  pipe  A  A,  is  made  to  flow  in  a  smaU  stream  thro^rii  the 
pipe  d,  into  the  retorti  while  in  action ;  upon  coming  in  contact  with  the  ignited 
materials  within  the  retort,  other  Taponrs  or  gases  will  he  generated,  which, 
combining  or  mixing  with  tlse  carburetted  hydrogen  gas,  a  chemical  action  wiU 
take  place,  whereby  the  gas,  while  in  the  retort  and  during  its  passi^  thioii^ 
the  refrigerator,  wul  become  partly  purified,  or  will  be  so  altered  as  to  be  more 
easily  acted  upon  in  its  passage  through  the  solution  of  the  chloride  of  lime, 
when  its  purincation  will  be  finiriied.  In  preparing  the  solution,  the  patsatee 
directs  to  employ  one  part  of  chloride  to  ab<mt  thir^-five  parts  of  water,  and 
when  the  chloride  is  in  its  most  concentrated  state  a  diluted  add,  sulphuric  or 
muriatic,  may  be  added  to  the  solution  to  assist  the  liberation  of  the  chlorine 
gas  fixmi  the  lime  \  and  the  quantity  of  water  may  then  be  increased  to  forty  or 
fifty  parts,  with  one  of  the  chloride.  Fig,  3  represents  the  apparatus  for  the 
more  perfect  purification  of  the  gas  on  its  passage  frvm  the  street  mains  to  the 
burners,  t  is  a  recipient,  intended  to  contain  and  supply  the  purifying  liquid ; 
this  vessel  is  connected  with  another  vessel  i(  by  a  sypnon  or  by  a  bent  tube  A 
inserted  through  the  centre  and  top  of  the  lower  vessel  Ar,  and  having  a  stop- 
cock m.  The  lower  vessel  k  is  made  gas  tieht,  and  formed  of  tin,  ccnmer,  or 
sheet  iron,  and  is  a  recentacle  for  gas,  which  flows  through  it,  and  for  the 
purifyine  liquid  that  faUs  from  the  upper  vesel  i ;  n  is  a  common  sponffe  placed 
on  a  shw  of  coarse  wire  gauze  o;  /lis  a  manhole  made  in  the  aide  of  me  vessel 
kf  sufficiently  large  to  admit  the  hand  and  sponge ;  9  is  a  pipe  leading  the  gas 
from  the  mam ;  and  r  is  another  pipe  to  supply  ue  gas  in  a  purified  state  to  the 
burners ;  «  is  a  waste  pipe  to  let  off'  the  liquid  when  it  has  become  too  much 
impregnated  with  the  impurities  of  the  gas;  and  <  is  a  washing  pipe  leading 
frvm  a  cistern ;  u  and  e  are  stop  cocks  for  admitting  and  drawing  off  the  liquid. 
The  operation  of  this  apparatus  is  as  follows :  into  the  recipient  t  pour  a  mix- 
ture of  one  measure  of  the  concentrated  liquor  of  the  chloride  of  lime,  diluted 
with  from  twenty-five  to  thirty  measures  of  water.  When  gas  is  required  to 
supply  the  burners,  turn  on  at  Uie  same  time  the  stop-cocks  m,  in  the  bent  tube 
Ij  and  the  leading  pipe  q;  the  purifying  liquid  will  then  flow  through  the  bent 
tube  (  on  to  the  sponge  n,  wnich  will  abisorb  a  portion  sufficient  to  keep  it 
always  wet,  and  will  permit  the  liquid  to  filter  through,  and  fall  to  the  bottom 
of  the  vessel  k;  at  tne  same  time  the  gas  will  continue  rising  through  the 
moistened  sponge  n,  where  it  will  be  acted  upon  by  the  purifying  liquor,  and 
its  obnoxious  odour  wiU  be  removed  before  it  arrives  at  the  burners  through  die 
supply  pipe  r. 

One  object  of  great  convenience  and  utility  to  which  gas  lighting  baa 
within  these  few  years  been  applied,  is  the  illumination  of  public  clocks.  This 
we  believe  was  first  put  in  practice  at  Glasgow,  where  a  dock  with  two  fiuMM, 
supported  at  the  extremity  of  a  projecting  bracket,  was  lighted  by  jets  placed 
above  it,  the  light  of  which  was  reflected  on  each  face  frtnn  mnrors  placed 
within  the  wines  of  an  elegant  representation  of  a  phcenix,  which  sur- 
mounted the  clock.  In  order  to  light  the  burner  without  sending  up  a  per- 
son for  that  purpose,  in  addition  to  the  pipe  which  supplied  it  with  eas,  was 
another  extending  from  the  main  to  the  burner,  having  a  stop-cocx  at  its 
junction  with  the  main,  and  being  perforated  with  numerous  small  holes 
throughout  its  length.  Upon  opening  the  cocks,  the  gas  flowed  through  both 
pipes,  and  issued  at  the  small  holes  in  ihejtathp^  as  it  was  called ;  and  a  light 
being  applied  below,  quickly  communicated  along  the  whole  length  of  the 
flash-pipe,  and  upon  reaching  the  jet,  ignited  the  gas  issuing  from  it ;  after 
which,  the  cock  on  the  flash  pipe  was  shut  Various  methods  have  since  been 
proposed  of  lighting  up  clocks,  one  of  which  is  as  follows :  a  dial  plate,  out  of 
which  the  figures  representing  the  hours  are  cut,  in  contrary  succession  to  the 
usual  representation  of  them,  is  made  to  revolve  on  the  axis  that  would  other- 
wise receive  the  hour  hand.  Behind  it  is  a  solid  field,  out  of  which  a  sufficient 
space  is  cut  to  show  the  hour,  half  hour,  or  quarter ;  each  half  hour  is  repre- 
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r,  and  tieh  quaitar  by  a  dot ;  and  the  ti 


ii  nckonad  by  tliB 


nad  by  U 
houn  Mtd  quarten  which  hare  paned  the  centre  or  the  opening  Behind  the 
rerolTing  plate  ii  placed  a  gal  ught,  which  i*  ignited  by  the  jet  of  gu  being 
directed  on  to  •  piece  of  ipong;  platina. 


A  lomewhat  superior  method  to  the  precMling  is  exhibited  in  the  following 
engraving.  A  it  the  dial  ptat«  of  a  common  clock,  with  the  houn.  Sec 
marked  upon  it,  ai  luual;  B  u  the  proposed  addition  to  it,  for  (he  pitrpoae  of 
exhibiting  the  time  diatinctly  during  the  night;  C  ii  a  light  cog<wheel,  ^ac«d 
immediately  behind  the  day  dial ;  having  it«  centre  fitted  in  the  arbour  of  the 
hour  hand,  and  rerolving  with  iL  The 
night  dial  B  i(  deiigned  to  be  made  of 
plate  elan,  with  the  hour*  punted  upon 
It  in  black,  and  to  revolve  on  an  axia  in 
its  centre.  The  index  represented  by 
an  arrow  ii  fixed.     The  periphery  of 

g  coga  in  ila  outer  edge, 
which  fita  into  the  cogx  of  the  wheel  C ; 
cnnsequently  they  move  together,  and 
being  of  equal  diameters,  they  perform 
their  revolulioni  in  equal  time.  The 
time  represented  in  our  engraving,  is  a 
quarter  past  X ;  when  the  hour  band 
has  moved  on  to  XI.  (for  in(tance),  the 
transparent  dial  B  will  have  moved  an 
equal  space  past  the  fixed  index,  and 
denote  the  same  precise  time.  Both 
dials  must,  by  this  simple  contrivance, 
invariably  Bfree  in  their  respective  indi- 
cations of  (he  time.      During  the  day, 

the  time  is  observed  on  the  lige  dial  w  usual ;  and  at  night  a  lighted  lamp 
placed  behind  the  tranipareut  £al  will  always  exhibit  the  time  as  distinctly. 

But  (he  most  perfect  and  ingenious  mode  of  illuminating  public  clocks  which 
has  come  under  our  notice,  i*  that  by  which  several  of  the  church  cloeki  in 
London  are  lighted.  By  the  revolution  of  the  hands,  and  the  addition  of  only 
one  wheel  and  pinion  to  the  clock,  the  ns  is  lighted  and  extinguished  at  regular 
stated  hours,  which  hours  may  be  variM  monthly  to  suit  the  increase  or  decrease 
in  the  leof^  of  daylight,  by  simply  adding  or  withdrawing  a  pin. 
inventor  is  Mr.  Pair     '  '  .  ■    .1    -^  .-     .  -■*.i--  a  -: 


r.  Paine,  from  whoee  account  in  £a  Transactions  of  (he  Socisty  tf 


lowing  ftbl 
Rtfertna  la  Uit  Eagraimig. — Fig.  1 
n  one  piece  1  the  eight  centn'   '' 


to  coincide  or  interfere  with  the  bands  while  neuing  over  them ;  the  spaces  are 
all  filled  up  with  transparcDt  red  glass,  ground  rough  on  the  inside.  This  by  day 
i*  Hifficiently  dark  (o  relieve  and  render  diitiDctly  visible  the  gilt  hour  numWsj 
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but  at  ni^bt,  when  the  m*  bamcn  behind  th*  dial  plate  ve  Ughted  up,  11m 
boun,  mmulM,  and  handa  upear  l>lack,  and  the  rart  of  tli«  dialglcnn  whh  a 
dutky  red  light.  ^.  2  ii  •  baiii«atal  tection  acma  the  aperture  as  in  tb« 
church  tower  at  the  back  of  the  dial  i  i;  e  the  tube  whieb  eairie*  the  hour 
hand,  baviiig  a  balance  weight  and  the  wheel  48  on  iti  inner  end ;  tbraogh 
thii  pane*  the  ihaft  d  d,  holuug  at  one  end  the  minute  band,  and  at  the  other 
end  the  pinion  14  and  balance  weight  e  /  //two  eai  bumen;  g  )  the  tnbee 
--'-"---'^ ,.  f         .     -^fSiti,'      ' 


I,  (o  give  a  dear  paawse  &om  the  light*  all  orcr  the  dial ;  jj  a 
IT,  made  of  ihecta  of  tin;  i  t  t  hai  doaing  the  aperture  a  a 
within,  ta  eupport  the  motion  wbeeli,  and  the  additjonel  tweaty-four-bonr 


curved  reflector,  i 


wheel,  96;  the  long  axia  tf  tf  receivee  motion  from  the  clock  (aauiual)bya 
bevel  wheeli  14,  42,  12,  and  48,  Fig.  3,  are  the  uiual  motioo  whe^  and 


Siniont ;  an  additional  pinion  of  12  ia  put  on  the  wheel  42,  to  turn  the  wheel 
6 ;  thii  hai  thirteen  pini,  one  hour's  motion  apart ;  theae  pina  raise  up  the 
weighted  lever  J,  in  Fiff.  3,  and  let  it  drop;  while  Uiia  ji  up,  (aa  ihown  by  the 
dotted  line*,)  iu  opposite  end  n,  by  meani  of  the  connecting  rod  r,  keeps  the 
lever  handle  o  of  the  gas  cock  p  down,  and  thus  nearly  closes  it,  allowing  the 
paaaage  of  only  jiiit  enough  gas  to  keep  the  bumen  alight ;  but  at  eight  o'clock, 
when  the  weight  I  drops,  it  raises  the  handle  o  and  quite  opens  Uie  cock  p, 
by  which  the  dial  is  instantly  illuminated.  Thus,  J'lg.  3  represents  the  lever  / 
down,  and  the  pins  nearly  beginning  to  raise  it;  by  removing  two  pins,  one  at 
each  end,  the  clock  will  open  the  gas-cock  one  hour  loonsr,  and  nearly  close  it 
one  hour  later.  By  succetfively  removing  the  pins  as  the  days  shorten,  ai^ 
replacing  them  as  Uie  days  lennhen,  the  clock  is  accommodated  to  all  seasons. 
The  whole  space  is  kept  clear  between  the  l^hts  and  the  dial,  except  only  the- 
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axis  e,  Fig.  2 ;  and  the  lights  being  placed  on  each  side  of  this,  i^  having  • 
km  reflector,  no  shadow  is  peroeivM  ftom  it 

With  respect  to  the  quantity  of  gas  obtainable  from  a  given  weight  of  coal, 
it  depends  greatly  upon  the  ouality  of  the  coal,  and  also  upon  the  construction 
of  the  retorts,  and  the  methoa  of  working  them.  Mr.  Peckston,  in  his  valuable 
treatise  on  gas  lighting,  whilst  writing  on  this  branch  of  the  subject,  obserres  that 
pit  coal  may  be  divided  into  three  classes,  according  to  the  proportions  of  its 
component  parts.  Such  coals  as  are  chiefly  composed  of  bitumen  are  to  be 
considered  as  belonging  to  the  first  class.  These  coals  bum  with  a  briffht 
yellowish  blaze  dunng  the  whole  process  of  combustion ;  they  do  not  cake, 
neither  do  they  produce  cinders,  but  are  reduced  to  white  ashes.  At  the  head 
of  this  class  is  to  be  placed  Cannel  coal ;  and  most  of  the  varieties  of  Scotch 
coal,  as  well  as  some  of  those  found  in  Duham  and  Northumberland,  belong  to 
it,  likewise  the  coals  from  Lancashire  and  the  north-western  coasts  of  Eneland. 
When  eUipsoldal  retorts  are  used,  (which  is  the  form  which  Mr.  Peckston 
decidedly  prefers,)  and  charged  with  1|  bushel,  or  about  I26lbe  of  coal,  the  fol- 
lowing quantities  of  gas  may  be  obtained  in  the  manufactory,  or  on  Uie  large 
scale,    rrom  a  ton  of 

Lancashire  Cannel 11,600  cubic  feet  of  gas. 

Newcastle  (Hartley's) 9,600  „ 

Staffordshire  (best  kind) 6,400  „ 

The  coke  obtained  from  coals  of  this  class  is  in  small  quantity,  and  of  very 
inferior  qualify.  The  second  class  of  coals  comorehends  those  varieties  which 
oske  in  burning.  These  contain  less  bitumen  and  more  charcoal  than  the  first 
class.  They  produce  less  ashes,  but  afford  hard  grey  cinders,  which  when 
burnt  over  agam  with  firesh  coals,  produce  a  very  strong  heat.  The  eras  obtained 
from  these  cofds  is  not  of  so  rich  a  qualify  as  that  from  the  first  dass,  out  the  coke 
is  extremely  well  adapted  for  domestic  and  culinary  purposes.  When  ellipsoidal 
retorts  are  used,  diarged  as  before^  with  about  a  bushel  and  a  half,  from  a 
ton  of 

Wallsend,  may  be  obtained     •    *  10,300  cubic  feet  of  gas. 

Temple  Main 8,100  „ 

Primrose  Main 6,200  „ 

Pembry 4,200  „ 

Hie  third  dass  of  coal  consists  of  such  as  are  chiefly  composed  of  charcoal, 
chemicidly  combined  with  different  earths,  and  containmg  little  or  no  bitumen. 
Amongst  the  varieties  of  this  coal  are  the  Kilkenny  coal,  the  Welch  coal,  and 
the  stone  coaL  None  of  the  coals  comprised  m  this  class  can  be  profitably 
used  for  making  gas. 

Mr.  Peckston  gives  the  following  table,  exhibiting  the  comparative  quantify 
of  gas  obtainable  from  the  foUowinip  different  species  of  coals  comprehended 
in  the  first  and  second  cUsses,  the  Scotch  Cannd  coal  being  considered  the 
standard,  and  estimated  at  1000. 

Scotch  Cannel 1000 


Lancashire  ditto  ....  986 

Yorkshire    ditto  ....  949 
Bewicke     and     Craister*s 

Wallsend 875 

RusseU's  ditto 861 

TanfieldMoor 850 

HeatonMain 822 

Hartley's 810 

KUlingworth  Main   ...  792 

Pontops* 762 

With  respect  to  the  best  form  of  retorts,  and  the  mode  of  working  them,  so 
as  to  produce  the  largest  quantify  of  sas,  we  give  the  following  summary  of 
three  sets  of  experiments  detailed  in  Mr.  Peckston's  work;  the  coals  in  each 
instance  were  of  the  same  qualify.     103  chaldron  12  bushels,  distilled  ia 


Temple  Main     ....  690 

Manor  Wallsend    .    .    •  650 
Forest  of  Dean— Middle 

Delf 612 

Eden  Main 562 

Stafibrdshire  coal,  1st  kind  546 

Ditto  ditto»2d  ditto  514 

Ditto  ditto,  3d  ditto  492 

Ditto  ditto,  4th  ditto  490 

Pembry 354 
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drcular  retorts,  charged  with  2  busheb  of  coalt,  and  each  chaive  worked  off  in 
6  hours,  afforded  8300  cubic  feet  of  gas  per  chaldron,  and  required  43  chaldron 
14  bushels  of  coals  for  heating  the  retorts,  »  42  per  cent  on  the  quantity 
employed  finr  makins  gas.  By  cvUndrical  retorts  cnarged  wiUi  2  bushels  at 
each  charge,  and  wnich  was  woned  off  in  8  hours,  85  chaldron,  27  bushels 
of  coals  yielded  10,000  cubic  feet  of  gas  per  chaldron,  and  required  for  car- 
boniaaiion  or  heating  of  the  retorts  21  clialdrons  16  busheb  of  coals,  or  about 
25  per  cent,  of  the  quantity  carboniied.  With  eDipsoidal  retorts^  the  two 
diameters  of  which  were  20  mches  and  10  inches  re^ectively,  charged  with  1| 
bushel,  and  each  charge  worked  off  in  hours,  61  chaldron  8  bushels  of  coab 
yielded  14,000  cubic  feet  of  gas  per  chaldron,  and  required  for  carbonisation  19 
chaldrons  27  busheb  of  coals,  or  32  per  cent  of  the  quantity  earboniaed.  Mr. 
Peckston  likewise  states  that  five  euiptical  retorts  are  capable  of  carbonising 
45  bushels,  or  33  cwt  of  coals,  in  24  hours^  but  their  average  work  may  be 
taken  at  1  chaldron,  or  27  cwt.  in  that  time. 

Mr.  Anderson,  of  Perth,  made  a  great  number  of  experiments,  to  determine 
the  comparative  quantity  of  liffht  a&rded  by  candles  and  coal  gas;  the  sise  of 
the  candles  which  he  employed,  was  short  sizes.  The  following  are  some  of 
the  results : — 

A  3-iet  burner  consumed  per  hour  2,074  cub.  in.  =  6  candles. 
Af)  Argand  of   5  holes         „         2,592       „  8      „ 

Ditto  10    „  „         3,798       „        12      „ 

Ditto  14    „  „         6,940       „         191    „ 

Ditto  18    „  „         6,840       „        21       », 

The  mean  of  these  results  is,  that  324  cubic  inches  of  coal  gas  yield  light 
equal  to  that  of  one  candle  for  an  hour ;  but  this  is  the  coal  gas  of  Perth,  the 
specific  gravity  of  which,  Mr.  Anderson  says,  is  650. 

GAS  ENGINE.  An  engine  in  which  the  motive  force  b  derived  from  the 
alternate  expansion  and  condensation  of  the  liquefiable  gases.  For  the  disosveiy 
that  certain  gases  may  be  reduced  to  the  liquid  form,  and  for  the  suggestion  of 
such  gases  as  prime  movers  of  machinery,  we  are  indebted,  (as  we  have 
already  noticed  under  the  word  Gas,)  to  Sir  Humphrey  Davy  and  Bfr. 
Faraday.  The  important  advantages  which  seemed  likely  to  be  realised  by 
this  discovery,  naturally  attracted  the  attention  of  engineers  and  scientific 
mechanists,  and  many  of  the  most  eminent  occupied  themselves  in  endeavour- 
ing to  devise  such  arrangements  as  would  render  it  applicable  in  practioe. 
Thie  person  who  pursued  the  subject  with  the  greatest  perseverance  was  Mr. 
Brunei,  who  obtained  a  patent  for  an  apparatus,  in  which  the  liquefiable  gases 
are  employed  to  fumbh  the  moving  power,  and  more  especially  the  carbonic 
acid  gas.  Thb  gas  may  he  obtained  by  decomposing  any  of  the  carbonates 
by  the  action  of  the  common  acids.  Tiie  mode  of  obtaining  the  liquid  finom 
the  gas  b  by  forming  the  gas  under  a  gasometer,  and  condensing  it  amrwards 
in  another  vessel  by  means  of  a  condensing  pump,  and  continmng  the  opera- 
tion until  it  passes  to  the  liquid  state. 

The  engraving  on  the  next  page  represents  Mr.  Bruners  apparatus.  This 
apparatus,  as  shown  at  ^,  2,  consists  of  dye  distinct  cylindncal  vessels ;  the 
two  exterior  vesseb  a  and  o  conUdn  the  carbonic  acid,  reduced  to  the  liquid  form, 
and  are  called  the  receivers  ;  from  these,  it  passes  into  the  two  adjoining  vesseb 
c  and  df  termed  expansion  vessels ;  these  last  having  tubes  of  communication 
with  tlie  working  Cylinder  e,  the  pbton  therein  (shown  by  dots)  b  operated  upon 
by  the  alternate  expansion  and  condensation  of  the  gas  giving  motion  to  the 
rod/,  and  consequently  to  whatever  machinery  may  be  attached  thereto.  As 
the  workine  cylinder  e  b  of  the  usual  construction,  no  further  description  of 
that  part  of  the  apparatus  b  necessary ;  and  as  the  two  vesseb  on  one  side  of 
the  cylinder  are  precisely  similar  to  those  on  the  other,  a  description  of  the 
receiver  a  and  the  expansion  vessel  c  will  apply  to  their  counterparts  5  and 
d ;  the  two  former  (a  and  e)  are  therefore  given  in  a  separate  Fig.  1  on  a 
larger  scale,  in  section,  that  Uieir  construction  may  be  seen,  and  their  operation 
better  understood.  The  same  letters  of  reference  designate  the  like  parta  in 
both  figures.    The  communication  of  the  condensing  pump  (before  mentioned) 
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liquid  nnti  closed,  ■  pipe  i  ia  applied  to,  and  connected  with  the  expansion  veigel 
e  ui ;  i  I'm  a  lining  of  wood  (malhogaay)  or  other  oon- conductor  of  heat,  to 
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prevent  Uie  abiorptioii  wbich  would  otli«rwi»  be  occadoned  by  the  diU  tab- 
ttance  of  tiie  metaL  The  ezpanaon  venel  ii  eonneeted  through  a  pipe  m  to 
the  working  cylinder  e;  theie  yesiek  contain  ml,  or  any  other  luitaUe  fluid 
•hown  at  fi,  as  a  medium  between  the  gas  and  the  piston.  The  receiTer  u 
a  strong  gun  metal  vessel,  of  considerable  thickness,  m  the  interior  of  which 
are  pUced  several  copper  tubes,  as  represented  at  o  o  o;  the  joints  of  these 
tubes  through  the  top  and  bottom  of  Uie  receiver  are  made  perfectly  tight  by 
packing.  The  use  of  these  tubes  is  to  apply  alternately  neat  and  cold  to 
the  liquid  contained  in  the  receiyer,  wiUiout  altering  very  sensiUy  the  tem- 
perature of  the  cylinder.  The  operation  of  heatmg  and  cooling  through 
the  thin  tub^  o  o  o  may  be  efiected  with  warm  water,  steam,  or  any  other 
heating  medium;  and  cold  water,  or  any  other  cooling  medium.  Fot  this 
purpose,  the  tubes  o  o  o  are  united  by  a  duunber  and  cock  j»^  by  the  opening 
of  which,  wi^  the  pipes  o  o^  hot  and  cold  water  may  be  alternately  let  in 
and  forced  throue h  by  means  of  pumps,  the  cocks  being  worked  in  «  simDar 
manner  to  those  m  steam  en^es.  Now  if  hot  water,  say  at  120^,  be  let  in 
through  the  tubes  of  the  receiver  a,  and  cold  water  at  the  same  time  through 
the  receiyer  h,  the  liquid  in  the  first  receiver  will  operate  with  a  force  of  about 
90  atmospheres,  while  the  liq^^  ^  ^®  receiver  6  will  only  exert  a  force  of  40 
or  50  atmospheres.  The  difference  between  these  two  pressures  wiH  therefore 
be  the  acting  power,  which  through  the  medium  of  the  oil  will  operate  upon 
the  piston  in  tne  working  cylinder.  It  is  easy  to  comprehend  that  by  letting 
hot  water  through  the  receiver  6,  and  cold  water  through  the  opposite  one  a,  a 
re-acdon  will  tue  place,  which  will  produce  in  the  working  cyDnder  e  an 
alternate  movement  of  the  piston,  applicable  by  the  rod  /  to  various  mechani- 
cal purposes,  as  may  be  required.  It  is  to  be  observed,  that  the  use  of  the 
r  meter,  and  of  the  forcmg  munps,  is  umply  for  obtaining  the  gas,  and 
ehatging  the  receivers  witn  the  liquid.  When  the  receiver  is  once 
charged,  and  has  been  closed  with  the  sto^ock  A,  the  gasometer  and  forcing 
pumps  aro  to  be  disconnected  from  the  receiver  by  unscrewing  the  pipe  t  at  {be 
joint  The  same  pipe  may  however  be  used  as  the  means  of  connecting  the 
receiver  with  the  expansion  vessel ;  the  adoption  of  two  distinct  pipes  for  these  ^ 
purposes  is  intentionally  avoided,  as  it  would  become  necessary  in  conseouence  "^ 
to  haye  two  orifices  aa  well  as  two  stop-cocks.  It  is  obvious  that  no  difficulty 
exists  in  connecting  Ae  forcing  pump  with  both  receivers,  as  the  small  pipes 
used  for  that  purpose  may  be  miuie  to  reach  either. 

Several  years  nave  elapsed  since  the  engine  just  described  was  patented,  bat 
hitherto  no  machine  upon  the  same  principle  has  been  brought  into  operation ; 
and  as  the  mechanical  talents  of  Mr.  Brunei  are  unquestionable,  ana  as  he  is 
known  to  have  devoted  much  time  to  brins;  the  invention  to  perfection,  it  is 
probable  that  the  cause  of  the  want  of  success  lies  in  the  principle  itself  and  that 
owing  to  one  or  both  of  the  causes  noticed  in  Mr.  Tredffold's  remarks  upon  the 
subject,  which  we  have  quoted  under  the  word  Gas,  the liquefiable  gases  are  not 
so  applicable  as  mechanical  a^nts  as  the  vapour  of  water  or  steam.  Another 
difficulty  attending  such  application  arises  from  the  very  imperfect  means  we 
are  at  present  acquainted  with  of  producinff  the  degree  of  cold  necessary  for 
tile  purpose  of  condensing  the  gases ;  fiir  the  present,  therefore,  there  seems 
little  h<me  of  advantageously  substituting  these  .gases  for  steam  as  a  prime 
mover  or  machinery. 

GAS  VACUUM  ENGINE.  An  en^e  working  by  the  pressure  of  the 
atmosphere,  a  partial  vacuum  being  obtained  by  the  combustion  of  hydrogen 
gai  in  a  close  vessel.  The  firet  person  who  proposed  obtaining  power  by  this 
means  we  believe  to  have  been  the  late  Mr.  Cecil,  of  Cambridge,  who  pubUshed 
some  account  of  his  plan,  the  details  of  which  we  do  not  rightly  recoHect  In 
1824  Mr.  S.  Brown  took  out  a  patent  for  an  engine  upon  this  principle,  a^  at 
that  time  the  invention  excited  considerable  interest,  and  was  by  many  looked 
upon  as  likely  to  supersede  the  steam  engine ;  but  although  the  inventor  nas  since 
been  i>erseyering]y  employed,  and  at  a  great  expense,  to  bring  the  machine  to 
perfection,  we  apprehend  he  has  met  with  no  great  success,  as  the  only  instances 
m  which  we  have  heard  of  it  being  brought  into  actual  use  was  on  one  occasion 


OA3  VACUUM  ENGINE.  813 

Tor  raiwng  water  on  the  ■Surrey  Canal,  at  Croydon,  and  at  another  tim<^ 
for  a  limilarpuTpMe,  upona  canal  in  Oxfordihire;  and  very  eoatTailictoiyitat»> 


nieuti  Dievuled  Kspecting  ihe  performance  of  the  engines  upon  the«  oc^ 
■loni.     The   preceding   engraving  teprcseut.   ihe  engine  aa  cw.rtn.cted  for 
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raiaing  water,  which,  by  being  led  on  to  a  water  wheel,  may  also  impart  a  mta- 
tory  motion  to  machinery;  but  this  latter  purpose  may  be  effected  by  meant 
of  pistons  working  in  cylinders.  The  method  of  producing  the  vacuum  is  as 
follows : — ^inflammable  gas  is  introduced  along  a  pipe  into  an  open  cylinder  or 
vessel,  whilst  a  flame  placed  on  the  outside,  but  near  to  the  cylinder,  is  kept 
constantly  burning,  and  at  times  comes  in  contact  with  the  gas  therein,  and 
ignites  it ;  the  cylinder  is  then  closed  air-tight,  and  the  flame  is  prevented  5t>m 
coming  in  contact  with  the  gas  in  the  cylinder.  The  gas  continues  to  flow  into 
the  cylinder  for  a  period,  and  is  then  stopped  off;  during  that  time  it  acts 
by  Ut  eombuttion  on  the  air  within  the  cylinder,  and,  at  the  same  time,  a  part 
of  the  rarefied  air  esci^pes  through  one  or  more  valves,  and  thus  a  vacuimi  is 
effected ;  the  vessel,  or  cylinder,  is  kept  cool  by  water.  The  two  cylinders  e 
and  d  are  the  vessels  in  which  the  vacuum  is  to  be  effected ;  fron^these  descend 
the  pipes  ^ia  and  hjh,  leading  into  the  lower  cylinders  xx,  from  which  the 
water  rises  along  those  pipes  to  fill  the  vacuum  cylinders  alternately.  The  water 
thus  supplied  is  discharged  through  the  pipes  B  into  the  tank  or  trough  Z, 
whence  it  falls  upon  the  overshot  water  wheel,  and  by  the  rotatory  motion  thus 
produced,  gives  power  to  any  machinery  which  maybe  connected  with  it.  The 
water  runs  from  a  wheel  along  a  case  surrounding  the  lower  half  into  a  reser- 
voir V,  from  which  the  lower  cylinders  xx  are  alternately  supplied.  In  order 
to  produce  the  vacuum,  the  gas  is  supplied  to  the  cylinders  by  means  of  the 
pipe  kkk  attached  to  a  gasometer.  The  gas  also  passes  along  the  small  pipe 
il  (communicating  likewise  with  the  gasometer),  and  being  lighted  at  both  ends 
of  that  pipe  is  kept  constantly  burning  for  the  purpose  or  igniting  the  gas 
within  the  cylinders.  The  water  in  the  reservoir  v  passing  down  one  of  the 
pipes  uf  into  one  of  the  lower  cylinders  x,  causes  the  float  y  in  that  cylinder  to 
rise,  and  pushing  up  the  rod  o  raises  the  end  b  of  the  beam,  which  of  course 
draws  up  with  it  the  cap  /  and  forces  down  the  cap  e  of  the  other  cylinder  r. 
The  gas  being  admitted  along  the  pipe  k,  the  flame  fr^m  the  pipe  /  is  now 
freely  communicated  to  the  gas  in  the  cylinder,  through  the  orifice,  by  the 
opening  of  the  sliding  valre  «,  which  is  raised  by  the  arm  r,  lifted  by  the  rod  o 
by  means  of  the  beam.  To  produce  the  intermitting  action  of  each  cylinder, 
some  intermediate  machinery  is  put  in  operation  by  chains  and  rods  attached  to 
a  glass  or  iron  vessel  p,  partly  filled  with  mercury,  and  turning  upon  a  pivot ; 
each  end  receives  its  movements  of  elevation  ana  depression  from  the  rise  and 
fall  of  the  projecting  arms  q,  by  the  action  of  the  beam  above,  the  mercury 
being  employed  for  the  purpose  of  regulating  the  supply  of  gas  into  the  cylin- 
ders, and  the  movement  of  the  slide  in  the  trough  v.  By  the  action  thus  com* 
municated  the  water  from  the  reservoir  flows  down  the  pipe  w  into  the  vessel  x, 
and  produces  the  elevation  of  the  float  y  and  of  the  rod  n,  and  raises  the  cap  e 
by  the  ascent  of  the  beam  at  a.  The  motion  thus  caused  in  this  part  of  the 
machinery  acting  upon  its  duplicate  parts  on  the  other  side,  of  course  produces 
by  its  action  a  corresponding  movement,  and  the  slider  in  the  trough  v,  moved 
by  the  action  of  the  mercurial  tube  p  being  moved  from  its  position,  allows  the 
water  to  fall  into  the  pipe  w,  and  as  it  ascends,  suffers  the  float  y  to  descend, 
and  rising  into  the  main  cylinder,  thus  lifts  again  the  beam  at  b  and  its  con- 
nexions, and  forces  down  the  cap  e  on  the  top  of  the  other  cyluider.  After  the 
vacuum  is  effected  in  the  cylinders,  the  air  must  be  admitted  to  allow  the  water 
to  be  discharged,  and  the  caps  to  be  raised ;  this  is  accomplished  by  means  of  a 
sliding  valve  in  the  air-pipe  m  m,  acted  upon  by  chains  1 1  attached  to  floats  in  the 
reservoir,  and  as  motion  is  given  to  them,  the  valve  is  made  to  slide  backwards 
and  forwards,  so  as  to  aUow  of  the  free  admission  of  atmospheric  air.  Chains 
u  u  with  suspended  weights  open  the  cocks  in  the  pipe  k  k,  and  produce  the 
alternate  flow  of  the  gas,  and  regulate  and  modify  its  supply.  In  the  pipes  yty 
and  hi  h,  are  docks  to  prevent  the  return  of  the  water  wnen  the  air  is  admitted 
into  tne  cylinders. 

GATE,  in  Architecture,  a  large  door  leading  or  giving  entrance  into  an  open 
area,  as  a  field  or  court-yard,  or  into  a  considerable  building,  as  a  palace  or 
prison.  An  excellent  .method  of  hanging  gates  of  large  dimensions,  nas  been 
introduced  by  Mr.  H.  R.  Palmer,  which  Ib  a  usefiil  application  of  his  suspen- 


tion  rulwaj  (aee  Rjiilvai).     The  following  cut  repreienti  Mme  ilidbg  or 

ralher  rolling  gates  at  each  end  of  the  northern  avenue  of  the  London  Docki, 
between  the  warehoiuea  and  the  basin,  forming  not  onl^  a  useful  barrier  to 
prevent  the  intrusion  of  improper  persons  during  the  intervals  of  ci 


houses,  to  which  they  stand  close  and  panllel,  occupying  no  useful  room.  In 
opening  or  shutting  thim  nothing  need  be  moved  out  of  the  way,  and  it  is  done 
with  great  facility  and  dispatch.  Being  suspended  entirely  from  above,  and  not 
even  touching  tbe  surface  of  the  groundl,  it  is  not  subjected  to  the  adventitious 
obstacles  common  to  other  gates,  a  a  is  intended  to  represent  part  of  the  wall 
of  the  ranges  of  warehouses,  and  b  the  eitremily  of  the  range  of  sheds  on' 
tbe  opposite  side  of  the  avenue ;  ec  a  dnuble  railway,  extended  entirely  across 
the  avenue  from  a  to  i,  and  likewise  to  the  width  of  a  gate  beyond  on  each 
side  ;  it  is  supported  hv  slightly  curved  arches  of  wrought  iron,  with  ornamental 
scrcdl-work  between  the  arches  and  the  double  rail,  the  superstructure  resting 
upon  loEly  columns  of  cast-iron.     One  of  three  gates  d  (each  of  which  fills  up 


diaeran 


annexed. 


^     le  between  two  columns)  is  shown  in  the  act  of  being  closed,  by  a 

pushing  it  along;  fcom  its  large  dimensions  and  great  weight  (though  chieQy 
composed  of  wood)  this  could  not  he  easily  effected  by  the  simple  force  of  ono 
man,  but  being  constructed  on  the  principle  of  Mr.  Palmer's  patent  railway,  the 
friction  is  reduced  to  very  inconsiderable  amount,  the  whole  weight  of  each 
gate  being  entirely  suspended  by  iron  rods  to  the  axles  of  tbe  little  wheels 
which  run  on  the  top  of  the  railway,  which  are  kept  in  their  tracks  by  their 
peripheries  being  flanged ;  the  gates  do  not  rest  upon  or  even  touch  the 
ground,  but  are  merely  guided  in  their  course  by  meona  of  a  projecling  edge 
'  'r  path :  this  will  be  easily  explained  by  means  of  the 
ich  represents  a  transverse  section 
e  parts.  //  are  two  plates  of  iron,  with 
raised  edges  in  the  middle,  which  are  screwed 
down  to  open  sleepers  ag,  and  above  these  is 
shown  an  edge  view  of  tbe  lower  ends  of  the 
gates,  which  run  on  either  side  of  the  column  h. 
Gates  upon  tbe  same  principle  have  been  put  up 
BE  the  court'yard  at  the  Admiralty,  and  varii 
other  public  situations. 

GAUGE.  An  adjustable  standard  of  measure 
employed  in  various  oris  where  a  number  of  articles  of  tbe  «: 
quired  to  be  as  nearly  as  possible  of  the  same  dimeniiona.  Gauges  a: 
constructed  according  to  the  porpases  to  which  thry  are  to  be  applied.     The 
'"      '  je  contrived  by  Mr.  H.  R.  Palmer, 

e  centre  of  any  parallel  or  tapering 


•olid.     It  annren  dl  tlie  pnipoMt  of  k  cammon  carpenteT'i  gauge,  whilit  it  i> 

neculiarif  lerTicealile  !□  other  mpecti,  for  which  the  common  gauge  it  wbsOjr 

iDBppIicmble ;  in  mkking  mortioei,  and  enabling  workmen  to  meMure  frMn  * 

centre  line,  ind  to  work  with  greater  accuracy  and  facility ;  and  in  tnany  other 

catee  it  will  h«  found  a  very  convenient  instrumenL    a  ii  a  iquarc  bar  of  hard 

wood,  having  two  sliding  cheeki  b  d 

fitted  tightly  to  it ;    the  cheek  b  ii 

fixed  fiut  on  one  end  of  the  bar, 

whilit  the  other  atidet  upon  it,  bnt  it 

may  be  mado  fait  at  any  required    ' 

^ace  bv  meani  of  the  thumb  icrew    I 

c;  at  the  end  (  a  common  aoribing 

pmnt  ia  fixed  in  the  bar,  and  with 

thii  and  the  iliding  piece  d  it  fbrmi 

the  eonimoo  gauge  uied  for  drawing 

paralld  linej  from  the  edge  of  any 

fdece  of  wood  work.     The  addition 

made  bv  Mr.  Palmer  contiiti  of  the  two  brau  arm*  /  and  g,  of  equal  lengths, 

and  which  are  centered  in  the  two  sliding  cheeks  at  —  ■  •'•-  -*'—  — ■'-  — • 


ioinled  together  by  the  screw  h.  which  is  formed  into  a  sharp  conical  point 
beneath  to  mark  the  work  witli.  In  using  this  eauge  it  is  evident  that  the  punt 
of  the  screw  A  will  always  keep  in  the  centre  between  the  two  eheeki  bdi     If 


the  work  ia  not  parallel  in  its  width,  then  the  screw  c  must  he  loosened,  i 
the  two  cheeks  b  d  must  he  kept  pressed  towards  each  other,  so  aa  to  he  in 
contact  with  the  tides  of  the  work,  when  the  point  g  will  traverse  along  the 
centre  of  the  piece  as  correctly  as  if  the  sides  were  parallel,  because  in  all 
situations  it  preserves  an  equal  distance  from  the  two  cheeks  £and  d;  theoe 
cheeks  hare  grooves  nude  in  them  to  receive  the  brasa  arms /and  g  when  the 
eheeki  are  brought  into  contact. 

GAUGE,  PaissuxE.  An  instrument  to  determine  the  pressure  exerted  in 
hydrottatie  or  pneumatic  machines,  as  the  hydrattatic  press,  air  pump,  and 
•team  engine.  When  the  pressure  exerted  is  lets  than  the  pressure  of  the 
atmoqihire,  ai  in  the  condenser  of  a  steam  engine,  the  gauce  is  uiuallj  termed 
a  hannneter,  and  consist*  simply  of  a  barometer  tube,  the  lower  end  of  which 
plunget  in  a  eup  containing  mercury  open  to  the  alroosphere,  whilst  the  upper 
end  communicates  with  the  condenser,  and  the  degree  of  exhaustion  orvacuun, 
ai  it  is  usually  termed,  is  measured  by  the  altitude  of  the  column  of  mercury  in 
the  tube  above  the  surface  of  the  metal  in  the  cup.  When  the  pressure  exerted 
does  not  exceed  two  or  three  times  the  force  of  the  atmoepbere,  it  may  be 
meaaured  by  means  of  an  inverted  syphon  or  bent  tube  of  wrought  iron  con- 
taining a  portion  of  mercury ;  one  leg  of  the  tube  communicates  with  the  vessel 
In  whuh  the  presBure  it  exerted,  and  the  otherlegisopen  to  the  atmosphere,  and 
contains  a  fioat  by  which  the  rise  of  the  mercury  is  indicated ;  but  when  the 
pressure  is  very  great,  a  tube  of  tufficient  length  to  support  the  corresponding 
column  of  mercury  would  be  extremely  inconvenient,  and  it  is  usual  then  (o 
'        ~~e  the  pretaure  by  the  compression  of  a  volume  of  air  contained  ii 


glass  tube,  the  upper  end  of  which  is  sealed,  whilst  the  communication  of  the 
■ir  in  the  tube  with  the  chamber  in  which  the  pressure  is  exerted  is  intercepted 
bv  a  quantitjf  of  mercury  in  the  lower  part  of  the  tube,  and  the  pressure  in  tho 
chamber  acting  upon  the  surface  of  the  mercury  exposed  lo  it  causes  the  mer- 
cury to  rise  in  the  tube,  and  to  compress  the  air  therein  into  a  amaUer  space, 
which  space  will  be  inrenety,  as  the  pressure  exerted.  The  figure  on  page  617 
represents  a  pressurs  gauge  upon  this  principle,  described  in  No.  LXltl.  of  the 
PhiloKiphicai  Magwdae,  by  Mr.  H.  Russell.  The  gauge  consists  of  a  glass  tube, 
•ealed  at  one  en^  with  a  ball  blown  vety  near  the  ouer,  leaving  only  as  much 
beyond  the  ball  at  may  be  necesaaiy  for  connecting  it  with  the  pipe  leading 
from  die  vessel  contaimng  the  condensed  steam  or  gas,  or  other  elastic  vapour. 
This  ball,  when  the  tube  is  filled  with  air,  and  subject  only  to  atmoepheiic 
presrare,  should  be  about  three  qnarten  AiU  of  mercury,  and  the  whole  capa- 
ci^  Qced  not  exceed  that  of  the  tube  more  than  as  two  to  one.    That  tho 
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divisions  in  the  scale  may  be  in  geometrical  progression,  the  tube  is  placed  in  a 
horizontal  position ;  this  renders  the  instrument  altogether  so  simple  in  appear- 
ance, that  persons  totally  unacquainted  with  instruments  of  this  descnption, 
may  at  once  be  brought  to  understand  its  nature,  and  be  able  to  affirm  with 
confidence  the  degree  of  pressure  to  which  it  is  subject.  To  determine 
the  degree  of  pressure  at  any  point,  ascertain  the  distance  from  the  sealed  end 
of  the  tube,  and  by  that  measure  divide  the  length  contained  between  the 
sealed  end  and  the  bulb,  the  quotient  will  be  the  number  of  atmospheres.  Thus 
in  general  terms,  where  T  represents  the  whole  tube,  P  the  part  into  which  the 
column  of  air  is  compressed,  and  A  the  number  of  atmospheres,  we  have 


p=A.  Thus,  suppose  the  tube  8  feet  long,  and  the  column  of  air  compressed 
into  half  that  length,  then  w  have  ^=2  atmospheres.  If  this  column  be  again 
compressed  into  half  its  volume,  it  will  be  represented  by  ^=4  atmospheres  ;^if, 
again,  compressed  into  half  its  volume,  we  have  |=8  atmospheres ;— i(  again, 

96  96 

(8  feet=96  inches)  ^=16  atmospheres; — and  lastly,  j  =32  atmospheres.     In 

the  above  figure  the  mercury  chamber  is  blown  in  the  tube  itsel(  so  that  in  this 
plan  we  have  no  joints  whatever  to  make  in  the  instrument ;  and  being  placed 
m  a  horizontal  position  at  a  convenient  distance  from  the  floor,  all  parts  of  the 
scale  mav  be  examined  with  equal  facility.  For  the  internal  diameter  of  the 
tube,  perhaps  one-sixteenth  of  an  inch  will  be  found  preferable. 

GAUGE,  Rain.  An  instrument  for  showing  the  depth  of  rain  or  quantity 
falling  on  a  given  surface  at  any  place.  These  instruments  are  variously  con- 
structed ;  the  one  shown  in  the  engraving  on  the  foUowing  page  is  the  mven- 
tion  of  Mr.  Crossley,  and  is  an  elegant  application  of  his  patent  liquid  metre. 
The  principal  parts  of  this  machine,  which  are  enclosed  in  a  small  box  a  a  and  5, 
are,  a  small  tin  vessel  or  tumbler  «/,  which  is  divided  into  two  equal  parts  by  a 
vertical  partition,  where  it  is  supported  by  pivots  on  the  upright  stem  I.  The 
pivots  are  placed  below  the  centre  of  gravity  of  the  tumbler,  so  that  when  it  is 
tilted  (as  represented  in  the  engraving),  it  will  remain  in  that  position  till  the 
upper  half  receives  such  a  quantity  of  water  as  will  overbalance  it,  when  the 
ena  c  will  be  depressed  by  the  weieht  of  the  water,  and  emptied ;  the  end  / 
will,  in  consequence,  be  elevated  and  brought  under  the  spout  to  receive  the 
water  UDtil  it  becomes  sufficiently  loaded  to  preponderate,  when  it  will  again 
take  the  position  in  the  figure.  Attached  to  tins  tumbler  is  a  forked  projection, 
that  at  every  change  of  position,  acts  on  a  lever  at  A,  and  thus  communi- 
cates motion  to  a  train  of  wheels,  which,  by  the  index  and  the  dial  face  i,  is 
made  to  register  the  number  of  times  the  divisions  of  the  tumbler  have  been 
filled.  The  rain  is  received  and  conveyed  into  the  tumbler  by  the  hopper- 
shaped  vessel  e  c,  the  mouth  of  which  must  be  made  of  an  area,  having  such  a 
relation  to  the  other  parts  that  the  index  will  point  out  the  number  of  inches 
of  rain  falling  on  that  extent  of  surface ;  or,  in  other  words,  how  deep  the 
water  would  have  become  had  it  remained  on  the  surface  of  the  earth  dunng  a 
amgle  shower,  a  day,  a  month,  or  even  a  year,  if  required,  and  this,  too,  without  any 
attention  or  care  being  bestowed  upon  it^for  the  apparatus  is  so  simple  in  con- 
struction, that  it  is  not  subject  to  derangement  of  its  parts ;  and  as  it  registers 
during  the  falling  of  the  shower,  it  requires  no  estimation  to  be  made  of  the 


quantity  of  water  evaporated  between  the  failing  of  the  rain  and  the  time  of 
obierTstioTi. 

GAUGING.— The  art  of  measuring  the  capacititn  of  all  kindi  of  vetseU 
Gauging  of  course  formi  a  part  of  mensurstion,  and  is  accordinglj  treated 
of  by  mo>t  writers  on  that  branch  of  acienee ;  but  sa  casks  are  seldom  of  any 
exact  mathemalJc&l  forme,  the  rules  laid  down  by  nich  authora  must  be  con- 
sidered as  merely  theoretical ;  and  in  practice,  gauging  is  performed  mechani- 
cally, by  means  of  the  gauging  or  diagonal  rod,  or  by  the  gauging  sliding  rule. 
The  diagonal  or  gauging  rod  la  a  rod  or  rule  adapted  for  determining  the  con- 
tents of  the  casks,  by  measuring  tlje  diagonal  only  ;  vix,  the  diagou^from  the 
bung  to  the  extremity  of  the  opposite  stave  next  the  head.  It  is  a  square  rule, 
having  four  sides  or  faces,  and  is  usually  four  feet  long,  and  folds  together  by 
means  of  joints.  Upon  one  face  of  the  rule  is  ■  acale  of  inches,  for  taking 
the  measure  of  the  diagonal ;  to  these  are  adapted  the  areas,  in  gallons,  of 
circles  to  the  corresponding  diameters.  Upon  the  opposite  face  is  a  scale, 
expressing  the  contents  of  casks,  having  a  corresponding  diagonal ;  and  these 
lines  constitute  the  difference  between  the  diagonal  rods  and  the  slide  rules. 
To  use  the  diagonal  rods,  put  the  rod  in  at  the  bung  hole  of  the  cask,  until  its 
end  touch  the  opposite  stave  at  the  farthest  possible  distance  from  the  bung- 
hole,  and  note  the  inches  and  parta  cut  by  the  middle  of  (he  bung;  then  draw 
out  the  rod,  and  look  for  the  same  inches  and  parta  on  the  opposite  face  of  it, 
and  on  them  will  be  found  the  contents,  in  gallons.  The  sliding  rule  ia  aimilar 
to  the  common  sliding  Guntera,  {see  Guhter's  Scale,)  but  havnig  certain  divi- 
sors, or  gauge  joints  at  different  points  of  the  scale,  pointed  out  by  small  bras* 
pins,  which  divisors  are  the  number  of  cubic  inches  m  any  particular  measure, 
M  malt  bushels,  or  imperial  gallons,  the  casks  are  gauged  approxitoateJy  as 
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cylinden,  taking  a  mean  diameter,   for  which  purpose  they  are  generally 
reduced  to  what  is  called  four  varieties ;  and  if  the  dinerence  between  the  head 
and  the  bung  diameters  does  not  exceed  six  inches,  their  mean  diameters  may 
be  found  by  multiplying  the  difference  of  the  first  by  *68 ;  of  the  second,  by 
'62 ;  of  the  third,  by  -55 ;  and  of  the  fourth,  by  -5 ;  the  respective  products  of 
these  numbers,  added  to  the  head  diameter,  will  make  a  mean   diameter. 
Having  found  a  mean  diameter,  the  contents  are  found  by  setting  the  length 
of  the  cask  upon  the  line  marked  B,  on  the  brass  slider,  against  the  gauge- 
point,  for  gallons,  on  the  upper  line  A,  upon  the  rule,  and  against  the  mean 
diameter  upon  tlie  lower  line  D  ;  upon  the  rule  will  be  found  the  contents  on 
C  upon  the  slider.     On  the  back  of  the  rule  are  four  other  lines,  differently 
marked.    The  first  line  is  marked  D,  and  is  similar  to  the  same  line  upon  the 
opposite  side,  and  upon  this  line  are  set  the  circular  gauge-point  for  wme,  and 
various  other  gauge-points ;  the  second  line  is  upon  the  slider — it  is  marked  C, 
and  is  similar  to  uie  same  line  C  upon  the  opposite  face ;  the  third  and  fourth 
lines  on  this  instrument  are  two  lines  of  segments,  for  ullaging  the  casks,  as  it 
is  termed,  that  is,  finding  the  contents  of  a  cask,  only  partly  full.    One  of  these 
lines  is  marked  S  S,  for  segment  standing,  and  the  other  S  L,  for  segment 
lying ;  these  lines  are  set  upon  the  rule,  and  are  both  numbered  alike,  from  1 
to  10,  and  from  10  to  100.    To  find  the  ullage  of  a  lying  cask  by  the  line  of 
segments,  having  the  bung  diameter,  the  depth  of  the  liquid  in  inches,  and  the 
contents  of  the  cask,  set  the  huns  diameter  on  C  to  100,  on  the  line  of  seg- 
ments marked  S  L,  and  opposite  the  depth  of  liquid  on  C  will  be  a  number  on 
the  line  of  segment,  which  call  the  reserved  number;  then  set  100  on  A  to  the 
contents  of  the  cask  upon  B,  and  against  the  reserve  number  before  found  upon 
A  is  the  contents  of  the  cask  upon  B.    To  find  the  ullage  of  a  cask  standing, 
substitute  the  length  for  the  bung  diameter,  and  the  line  S  S,  for  the  line  S  L, 
and  proceed  as  before. 

To  facilitate  computations  in  gauging,  Mr.  W.  Gutteridge  has  invented  a 
series  of  new  units  of  measure,  which  has  received  the  approbation  of  every 
individual  member  of  the  Commission  of  Weights  and  Measures.  These  units 
of  measure  are  numbered  1,  2,  3,  4,  5,  6,  7,  8,  No.  4  being  the  common 
decimal  foot,  which  is  introduced  to  complete  the  series.  These  units  are  all 
decimally  subdivided  into  100  equal  parts,  and  are  the  roots  of  the  cubic  and 
superficial  measures  in  which  the  capacities  of  vessels,  or  solid  contents  of 
bodies  are  reckoned,  as  gallons  for  liqmds,  and  cubic  feet  for  timber.  By  this 
means,  no  division  is  necessary  in  computing  contents  or  capacities,  for  the  area 
expressed  in  Mr.  Gutteridge's  svstem  of  notation  multipliea  by  the  depth  gives 
the  contents;  whereas,  when  the  dimensions  are  taken  in  inches,  after  multi- 
plying the  area  by  the  depth,  it  is  necessary  to  divide  the  product  by  the  num- 
ber of  inches  in  a  gallon  or  a  foot  to  find  the  contents.  Mr.  Guttendge's  units 
of  measure,  with  their  data,  are  as  follows : 

For  mperial  Gallons, 
No,  1.  ^  277-274 =  6-52083  Inches.  =  1  UniU. 

2.  ^  277-274  x    ^/  '^  -  =  7-35784       „       =  1      „ 

3.  ^  277-i^ =  7-0676         „       =  1      „ 

4.  is  the  common  foot. 

For  Feet 

No.  5.  t/  --L =  M2836  Feet.      =  1  Units. 

6.-^-1^ =  1.08383     „         =  1      „ 

7.        -,4 =  1.2732       „         =  I      „ 

8.-^5^144 =5-2415    Inches,  =  1      „» 

In  connexion  with  the  subject  of  gauging,  we  may  notice  a  singular  circum- 
stance related  by  Mr.  Gutteridge.  He  had  been  called  in  to  gauge  a  new  vat 
for  Messrs.  Booth  &  Co.  distiUers,  and  his  own  system  was  employed  as  afifording 
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greater  accuracy  than  the  inch  method  in  oommon  use.    After  the  dimen- 
sions had  been  taken,  a  glass  tube  was  fixed  on  the  outside  of  the  vat,  for 
reading  off  Uie  Quantities  within,  as  a  means  of  comparison  with  the  interior 
dip.    lliat  no  o^erence  mifht  arise  from  the  effect  of  camXiarj  attnction, 
the  tube  was  made  of  more  raan  an  inch  bore,  and  was  fixed  peipendicalsriy, 
with  a  graduated  scale  placed  closely,  so  that  the  aero  of  the  scaue  cdncided 
with  the  top  of  the  ungula,  which  exactly  covered  the  bottom,  without  pro- 
ducing any  sensible  depth  of  wet  at  the  dipping  place,  firom  which  it  was 
inferred  that  the  interior  dip,  and  the  exterior  indications  of  ievel  would  be 
always  the  same;  and  upon  putting  in  several  determined  quantities,  those 
quantities  were  indicated  by  the  tube  exactly ;  but  a  difference  was  aftwwards 
perceived  between  the  interior  dip  and  the  exterior  level,  and  the  greater  die 
quantity,  the  greater  the  difference.    The  experiment  was  frequently  repeated, 
with  every  precaution  to  ^uard  against  error,  one  source  of  which  was  tbe 
difference  or  temperature  m  the  vat  and  in  the  tube,  amounting  in  one 
instance  to  2|  degrees,  which  would  cause  a  difference  of  about  *&5  of  an 
inch,  (the  spirit  &ing  41*6  per  cent  over  proof,)  but  to  save  computations 
of  this  sort,  the  time  chosen  for  the  principal  experiment  was  when  the  tem- 
perature was  alike.  With  1400  gallons  in  the  vat,  the  difference  was  about  -^  of 
an  inch ;  2200  gallons  more  were  then  pumped  in,  and  the  difference  increased 
to  ^  of  an  inc^  and  on  adding  700  gallons  more,  the  difference  amounted  to 
l^  inch.    It  appearing  hiehlv  miprobable  that  the  timbers  could  compress  so 
much  more  under  the  dippmg  place  than  under  where  the  tube  was  fixed,  a 
level  of  the  two  surfaces  was  taken,  and,  extraordinary  as  the  fact  may  appear, 
there  was  a  difference  found  in  the  levels,  of   A  of  an  inch,  the  liquid  bemg 
that  much  higher  in  the  vat  than  the  tube.    'Aa  difference  Mr.  Uutteridge 
imputes  to  a  difference  in  the  specific  gravity  of  the  spirit  within  the  vat,  and 
that  within  the  tube,  and  upon  assaying  tnem  the  former  was  found  to  be  nearly 
5  per  cent  stronger  than  the  latter.    This  variation  must  have  been  caused 
by  a  greater  evaporation  on  the  tube,  and  it  shows  that  with  spirits  of  such 
great  strength,  evaporation  is  very  rapid,  and  cannot  be  too  carefiiUy  euarded 
against.    The  remaining  difference  between  the  dip  and  the  level  in  the  tube 
Mr.  Gutteridffe  supposes  to  have  arisen  from  a  compression  of  the  timbers  under 
the  dipping  ^ace. 

The  following  diagrams  of  the  vat,  tube,  and  timbers,  will  render  the  subject 
more  intelligible.  Fig,  1  represents  a  section  of  the  vat,  a  b  being  the  tube 
fixed  into  a  metal  pipe  h  e,  with  a  cock  ai  e  d,  the  level  of  the  spirit  in  the 
vat ;  /  the  level  in  the  tube,  and  k  t  the  dipping  place.    F^,  2.  shows  the  sup- 
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ports  of  the  vat ;  B  the  hack,  and  F  the  firont,  of  which  the  seven  aimikr  parts 
a  a  are  the  immediate  rests,  each  four  inches  square ;  bbb  ihe  three  timben 
upon  which  the  former  rest,  lOJ  inches  deep»  and  12J  broad:  ee  the  two 
sleepers  upon  which  the  beams  are  hiid.  The  places  dddd  are  supported  upon 
four  upright  posts,  and  under  k  was  placed  another  support:  /  the  orifice  for 
the  tube  pipe,  and  o  the  dipping  place. 
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OAUZE.  A  thin^  tranqwrent  kind  of  atuff,  woven  sometimes  of  silk,  and 
sometimes  of  thread.  To  warp  the  silk  for  the  makins  of  gauze,  a  peculiar 
kind  of  mill  is  used,  upon  which  the  silk  is  wound :  it  is  a  wooden  machine^ 
about  six  feet  hi^^h,  havuig  an  axis  perpendicularly  placed  in  the  middle  thereof 
with  six  large  wins^s,  on  which  the  silk  is  wound  from  off  the  bohbins  by  the 
axis  turning  roun£  When  all  the  silk  is  on  the  mill,  another  instrument  is 
used  to  wind  it  off  upon  two  beams ;  this  done,  the  silk  is  passed  through  as 
many  little  beads  as  there  are  threads  of  silk ;  and  thus  rolled  on  to  another  beam 
to  supply  the  loom.  The  gauze  loom  is  much  like  that  of  the  common  weaver's, 
though  It  has  several  appendaffes  peculiar  to  itself.  Some  gauzes  are  wrought 
into  figures  and  flowers  of  gold  and  silver,  upon  a  silk  ground. 

GEARING.      A  train  of  toothed  wheels,  for  transmitting  motions  in 
machinery.    There  are  two  sorts  of  gearing  in  common ;  viz.  spur  gear  and 
beveled  gear.    In  the  former,  the  teeth  are  arranged  round  either  the  concave 
or  convex  surface  of  a  cylindrical  wheel  in  the  direction  of  radii  from  the 
centre  of  the  wheel,  and  are  of  equal  depth  throughout.     In  beveled  gear, 
the  teeth  are  placed  upon  the  exterior  periphery  of  a  conical  wheel  in  a 
direction  conveiving  to  the  apex  of  the  cone,  and  the  depth  of  the  tooth 
gradually  diminishes  from  the  base.    For  the  ndes  for  setting  out  these  wheels, 
and  for  tiie  best  form  of  teeth,  we  refer  to  the  article  Mill  Work,  and  shall, 
in  this  place,  only  notice  a  new  system  of  gearing,  invented  simultaneously 
by  Mr.  Dyer,  in  America,  and  by  Messrs.  M'Dougall,  of   Ferry  Bridge, 
in  Yorkshire,  and  communicated  by  the  former  gentleman  to  Mr.  sf.  Burnett^ 
who  took  out  a  patent  for  the  same.    The  object  of  this  invention  is  to 
obtain  a  great  diffbrence  in  the  relative  velocities  of  the  wheel  and  pinion,  by 
a  eonstruction  which  in  some  renpects  resembles  what  is  caBed  a  worm 
wheeif  or  a  wheel  driven  by  an  endless  screw,  but  is  at  the  same  time  free 
from  the  objections  attending  tiie  ordinary  arrangement  of  the  wheel  and 
endless  screw.    The  common  application  of  the  wheel  and  endless  screw  is 
in  the  direction  of  a  tangent  line,  (or  very  nearly  so)  to  the  wheel  to  which 
it  is  applied,  and  the  force  exerted  upon  it  or  by  it,  is  constantiy  in  a  direc- 
tion coincident  with  its  longitudinal  axis,  and  never  in  that  of  its  radius, 
whilst  a  rubbing  action  takes  place  between  the  threads  of  the  screw  and  the 
teeth  of  the  wheel,  thus  producing  excessive  friction,  not  only  at  the  point  of 
contact,  but  a]s9  against  the  pivot  or  resisting  point  of  the  screw.    In  the 
patent  eearing,  the  axis  of  the 'screw,  or  spiral  pinion,  is  not  a  taneent  to  the 
wheel,  but  lies  in  the  same  plane  as  the  axis  of  the  wheel  in  orcunaiy  gear, 
whether  it  be  spur  gear  or  oeveled  gear.    The  conseouence  of  this  arrange- 
ment is,  that  the  power  of  the  screw  or  spiral  is  exertea  in  the  direction  of  its 
radius ;  oonsequentiy,  it  can  be  driven  by  the  wheel  with  the  same  facility  with 
which  tiie  wheel  dnves  it  (difference  of  leverage,  according  to  their  respective 
radii,  excepted),  which  is  not  the  case  with  the  ordinary  wheel  and  screw. 
Another  aavanta^e  is,  that  there  being  but  one  point  ^f  bearing  in  action  at 
once,  and  that  uniformly  on  the  line  of  centres,  and  that  action  passing  uniformly 
over  eoual  spaces,  in  equal  times,  and  in  the  same  direction ;  the  action  which 
takes  place  between  the  wheel  and  the  spiral  pinion  is  not  a  gliding,  but  a  perfect 
rolling  action,  whereby  nearly  the  whole  of  tne  friction  which  would  otherwise 
occur,  is  avoided.    One  valuable  property  of  this  invention  is,  that  any  required 
strength  may  be  given  to  the  arbor,  without  affecting  itspower  or  velocity;  this 
will  be  rendered  evident  by  an  inspection  of  1^.  3  on  the  following  page,  in  which 
the  external  lines  e  e  and //represent  the  sections  of  two  arbors  ot  very  different 
sizes,  and  oonsequentiy  strengths,  while  their  mechanical  action  is  predseiy  similar, 
for  it  win  be  seen  that,  notwithstanding  the  difference  of  ma^itude  in  the  two 
sections,  they  have  but  one  common  pitch-line,  marked  1 1  m  both  figures,  so 
that  botii  can  work  in  the  same  wheel,  and  their  power  and  velocity  must  bo 
equsL    Fig,  4  represents  the  arbor  or  pinion  engaged  with  the  tooth  of  a  wheeL 
Anotiier  moat  important  advantaffe  belonging  to  wis  system  of  gearing,  is  the 
simplicity  which  may  be  tiiereby  mtroduced  into  machinery,  and  the  consequent 
dimmution  of  firiction ;  for  since  each  tooth  of  the  wheel  will  be  eomvalent  to 
an  entire  revolution  of  the  arbor,  a  great  saving  may  be  effectea;  thus,  for 
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wheel  hai  100  ImUi,  and  worki  tnlo  a  pinion  of  ten 
lesTCi,  the  Mine  power  or  Telodty  mar  be  obtained  by  the  new  mode  of  gtu- 
ing,  by  anng  ■  wbeel  of  only  ten  teetli,  workinj^  into  o 
ibe  uW ;  a*  ta  exam)je  of  which  Fig.  I  ii       ' 


of  a  reeuUtor  dock,  which  ii  capable  of  ihowliig  honn,  minute*,  and  tcMiidi, 
•nd  wdl  go  foi  a  whole  yeu  with  once  winding  up,  by  a  weight  of  only  a  few 
ponnd*.  The  curve  of  the  ipinl  groove  on  the  arbor  may  be  found  by  covering 
the  face  of  the  wheel  with  a  itrip  of  thin  paper,  and  marking  the  bevel  of  one 
tooth  upon  it,  when  the  eiteniion  of  that  tooth  tnay  be  cut  off  and  wr^ped 
tound  the  arbor,  whicb  will  give  the  form  of  the  tpiral,  which  may  be  marked 
■nd  cut ;  but  tbie  i*  only  a  proximate  method,  and  ai  the  action  of  uie  improved 
Kearing,  like  that  of  all  other  gearings,  depends  mainly  upon  the  perfect  woik- 
mg  of  the  teeth  and  groovei,  it  ii  better  to  cut  the  groove  on  the  arbor,  in  a 
regnlar  and  proper  machine  for  cutting  apirali  and  Krewt. 
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GELATIN.  An  animal  substance  aoluble  in  hot  water,  capable  of  assuming 
a  Well  known  elastic  or  tremulous  consistence  b^  cooling,  when  the  water  is  not 
too  abundan^  and  liquefiable  asain  by  increasmg  its  temperature.  This  last 
property  distinguishes  it  from  albumen,  which  becomes  consistent  by  heat  It 
IS  precipitated  m  an  insoluble  form  by  tannin,  and  it  is  this  action  of  tannin  on 
gelatin  which  is  the  foundation  of  the  art  of  tanning  leather. 

GEMS.  This  word  is  used  to  denote  such  stones  as  are  considered  by  man- 
kind as  precious.  These  are,  the  diamond,  the  ruby,  sapphire,  tooas,  chzysolite, 
beiy],  emerald,  hyacinth,  amethyst,  garnet,  tourmalin,  opal ;  and  to  these  may 
be  added,  rock  crystal,  the  finer  flints  of  pebbles,  cat's  eye,  hydrophanes,  chal- 
cedony, rooon-etone,  onyx,  cornelian,  sardonyx,  agates,  and  Laorador  stone, 
for  which,  consult  the  several  articles  respectively. 

GEOMETRY.  One  of  the  most  imjiortant  of  the  mathematical  sciences ; 
as  it  relates  to  the  form,  extension,  and  magnitude  of  bodies,  and  is  conse- 

auentlv  the  foundation  of  Mensuration.  The  most  generally  useful  portion  of 
lis  science  has  been  selected  for  our  pages,  which  we  here  annex  under  the 
usual  distinctive  appellation  of  PracUad  Geometry. 

Definitions. — A  point  is  that  which  hath  position,  but  not  magnitude. 

A  Une  hath  length,  but  not  breadth  or  thickness,  and  may  therefore  be  con- 
^ved  to  be  generated  by  the  motion  of  a  point, 

A  right  Une  is  what  is  commonly  called  a  straight  line,  or  that  tends  every 
where  the  same  way. 

A  curve  is  a  line  which  continually  changes  its  direction  between  its  extreme 
points. 

PaTQXUl  Unea  are  such  as  are  equally  distant  from  each  other,  and  which,  if  pro- 
longed ever  so  £ur,  would  never  meet:  such  are  the  lines  A  B  and  C  D,  /^.  1. 

An  an^  is  the  space  or  comer  between  two  lines  meeting  in  a  point,  as 
A  B  C,  B  denoting  the  vertex,  or  angular  point 

A  right  an^  is  represented  when  one  une  stands  upon  another,  so  as  not  to 
lean  more  upon  one  side  than  upon  the  other,  as  in  the  angles  A  B  C  in  fig,  3 ; 
all  right  angles  are  equal  to  each  other,  being  aU  equal  to  909  \  and  the  line 
A  B  IS  said  to  be  perpendicular  to  C  D. 


Fig.X. 
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Bjeginners  are  very  iq^t  to  confound  the  terms  perpentUcular,  and  phnnb  or 
verticai  line,  A  line  is  vertical  when  it  is  at  right  angles  to  the  plane  of  the 
horizon,  or  level  surface  of  the  earth,  or  to  the  sivface  of  water,  which  is  always 
leveL  The  sides  of  a  house  are  verticaL  But  a  line  may  be  perpendicular  to 
another,  whether  it  stand  upright  or  incline  to  the  ground,  or  even  if  it  lie  flat 
upon  it,  provided  only  that  it  make  the  two  angles  formed  by  meeting  with  the 
other  line  equal  to  each  other ;  as,  for  instance,  if  the  angles  ABC  and  A  B  D 
be  equal,  the  line  A  B  is  perpendicular  to  C  D,  whatever  may  be  its  position  in 
other  respects. 

When  one  line  B E,  Fig.  3,  stands  upon  another,  CD,  so  as  to  incline,  the 
angle  E  B  C,  which  is  greater  than  a  right-angle,  is  called  an  obtuse  angle ; 
and  that  which  is  less  than  a  r^ht  angle,  is  called  an  acute  angle,  as  the 
angle  E  B  D. 

Two  angles  which  have  one  leg  in  common,  as  the  angles  ABC  and  ABE, 
are  called  contiguoue  angles,  or  aijfoining  angles ;  those  which  are  produced  by 
the  crossing  of  two  lines,  as  the  angles  E  B  D  and  C  B  F,  formed  by  C  D  and 
£  F  crossing  each  other,  are  called  opposite  or  vertic4d  angles. 


02-1 


GEOMETRY. 


K  figure  is  a  bounded  space,  and  is  either  a  ntrfkee  or  a  aoHd. 

A  mperfiaa^  or  gurfaetf  has  length  and  breadth  only.  The  ttctrenities  of  a 
superficies  are  lines. 

A  surface  may  be  bounded  either  by  straight  lines,  curved  lines,  or  both 
these.  Every  surface,  bounded  by  straight  lines  only,  is  called  a  pokf^im.  If 
the  sides  be  all  equal,  it  is  called  a  reyv&t  polygon.  If  tliey  be  unequal,  it  is 
called  an  hrregukar  polygon.  Every  polygon,  whether  equal  or  unequal,  has 
the  same  number  of  sides  as  angles,  and  they  are  denomiiMited  sometimes 
according  to  the  number  of  sides,  and  sometimes  ftom  the  number  of  angks 
they  contain.  Thus,  a  figure  of  three  sides  is  called  a  triangle,  and  a  figure  of 
four  sides,  a  quadrangle, 

A  pentagon  is  a  polygon  of  five  sides. 

A  hexagon  has  six  sides. 

A  heptagon  has  seven  sides. 

An  octagon  has  eight  sides. 

A  nonagon,  nine  sides. 

A  decagon^  ten  sides. 

An  undeeagon^  eleven  sides. 

A  diaodeeagonf  twelve  sides. 

When  they  have  a  greater  number  of  sides,  it  is  usual  to  call  them  polygons 
of  13  sides,  14  sides,  and  so  on. 

Trianalei  are  of  different  iinds,  according  to  the  length  of  their  sides. 

A  rightHmgled  triangle  is  that  which  has  one  right  angle,  as  A  B  C,  Ffg.  I. 

An  aetUe-^mgled  triangle,  is  a  triangle  which  has  all  its  sides  acute,  as  Figt* 
A  and  B. 

An  obtute- angled  triangle,  is  a  triangle  having  one  obtuse  angle,  as  Fig,  C. 

An  equilateral  triangle,  is  a  triangle  having  aiu  its  sides  equal,  as  F^  A. 


Fig.  1. 


An  isoeeles  triangle,  is  a  triangle  having  two  equal  sides,  as  Fig.  B. 
A  scalene  triangle,  is  a  triangle  having  no  two  of  its  sides  e^ual,  as  Fig.  C. 
Quadrangle$  or  quadrilateral  fi^wes  are  of  various  denominations,  as  their 
sides  are  equal  or  unequal,  or  as  ul  Uieir  angles  are  right  angles  or  not 


X 
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Every  four-sided  figure,  whose  opposite  sides  are  parallel,  is  called  aparaBdo' 
^gram.  Provided  that  the  sides  opposite  to  each  other  be  parallel,  it  is 
immaterial  whether  the  angles  be  right  or  not.  Figs,  D  E  F  and  G,  are  all 
parallelograms. 

When  the  angles  of  a  parallelogram  are  all  right  angles,  it  is  called  a 
rectangular  parallelogram,  or  a  rectangle,  as  I^s,  E  and  D. 

A  rectangle  may  have  all  its  sides  equal,  or  only  the  opposite  sides  equaL 
When  all  its  sides  are  eoual,  it  is  called  a  sqttare,  as  Fig,  D. 

When  the  opposite  siaes  are  parallel,  and  all  the  sides  equal  to  each  other,  hut 
the  angles  not  right  angles,  the  parallelogram  is  called  a  rhombus,  as  Fig.  G. 
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A  parallelogram,  havm^  all  its  angles  oblique,  and  only  its  opposite  equal, 
is  called  a  rkombeidj  as  I^  Fr 

When  a  quadrilateral,  or  four-sided  iigure,  has  none  of  its  sides  parallel,  it  is 
called  a  trtqfezmm,  as  JF%r.  H,  consequently,  every  quadrangle  or  quadrilateral, 
which  is  not  a  parallelogram,  is  a  trapezium. 

A  trqpeziod  has  only  one  pair  of  its  sides  parallel,  as  Fig.  I. 

A  eireU  is  a  plane  ngure,  bounded  bv  a  curve  line  returning  into  itsdf,  c^ed 
its  rircumference,  bde^  Fig.  O,  every  where  equally  distant  fiN>m,  a  point  within 
the  circle,  which  ii  called  the  centre,  e. 


The  radku  of  a  circle  is  a  straight  line  drawn  from  the  centre  to  the  circum- 
ference, BB  cdf  F^.  O.  The  radius  ii  the  opening  of  the  compass  when  a  circle 
is  described ;  and  consequently,  all  the  ladii  of  a  circle  must  be  equal  to  each 
other. 

A  diameUr  of  a  circle  is  a  stn^ght  line  drawn  from  one  side  of  the  circum- 
ference to  the  other  through  the  centre,  as  a  6,  Fig.  P.  Every  diameter  divides 
the  circle  into  two  equal  parts. 

A  teftnerU  of  a  circle  is  a  part  of  a  circle  cut  off  by  a  straight  line  drawn 
across  it  This  straight  line^  A,  F^.  R,  is  called  the  chord,  A  segment  may 
be  either  equal  to,  greater,  or  less,  than  a  ietm-drde,  which  is  a  segment  formed 
by  the  diameter  of  the  circle,  and  is  equal  to  half  the  circle,  as  in  Fig.  P. 

A  UmgerU  is  a  straight  line,  drawn  so  as  just  to  touch  a  drde  widiout  cutting 
iif  9sde,  Fia.  T.  The  point  where  it  touches  the  circle,  is  called  the  point  of 
contact ;  and  a  tangent  cannot  touch  a  circle  in  more  points  than  one. 

A  sector  of  a  dicle  is  a  space  comprehended  between  two  radii  and  an  arc, 
as  ac 6,  j%.  T. 


The  drcumference  of  every  drde,  whether  great  or  smaD,  is  supposed  to  be 
divided  into  360  equal  parts,  called  de^eu;  and  everv  degree  into  60  parts, 
called  minntes ;  and  every  minute  into  60  seconds.  To  measure  Uie  inclinap 
tion  of  lines  to  each  other,  or  angles,  a  circle  is  described  round  the  angular 
point,  as  a  centre,  as  a  6,  Fig.  T,  and  acoordine  to  the  number  of  degrees, 
minutes,  and  seconds^  cut  off  by  the  sides  of  the  angle,  so  many  degrees, 
seconds,  and  minutes,  it  is  said  to  contain.  Degrees  are  marked  by  o,  minutes 
by  ',  and  seconds  by  '' ;  thus  an  angle  of  48  degrees,  15  minutes,  and  7  seconds, 
is  written  in  this  manner,  48*  15^  7". 

Problem  I.— 7*0  dmde  a  given  line  A  B  into  two  equal  parts. 

From  the  end  of  the  line  A  and  B,  Fig,  1,  as  centres,  and  with  any  opening 
of  the  compasses  greater  than  half  A  B,  describe  arches,  cutting  each  other  in 
p  and  d,    £>raw  the  line  e  d;  and  the  pdnt  E,  where  it  cuts  A  B^  will  be  thi 


«96  GEOMETRY. 

middle  required.  Thie  ie  often  «ftcted  by  pnetieal  ttcn  niiiiiniuM  a  dieUnce 
ae  bal^  and  aettiiie  off  from  each  end  of  the  line,  and  ^e&  bufcdng  the 
-apace  between  the  mitanoet  let  off  by  the  eye. 

Problem  II. — To  raite  a  perpeniiadar  io  a  given  Ime  A  B^  from  a  pobU 

Cau  1.  When  the  g^en  point  is  near  the  middle  of  the  line^  on  eadi  side  of 
-the  point  C,  F^.  2.  Take  ainr  two  equal  dietancei»  C  cf  and  C  e;  from  d  and^ 
with  any  radius  or  opening  or  the  compasses  greater  than  Cij  or  C  e,  describe 
two  arcs  catting  each  other  in/.  Lastly,  through  the  points  j^  Q  draw  the 
lineffff  and  it  will  be  the  perpendicular  required. 

Oue  2.  When  the  point  is  at,  or  near  the  end  of  the  line,  take  any  point  d^ 
i^.  3,  on  the  side  of  the  line  on  which  the  perpendicular  is  to  be  drawn,  and 
with  die  radius  or  distance  d  c,  describe  the  arc  e  e/  cutting  e  B  in  e  and  c 
Through  the  centre  d,  and  the  point  e,  draw  the  une  e  df  cutting  the  aic 
e  ef  inf.  Through  the  points  /c,  draw  the  line  fe,  and  it  will  be  die  per- 
pendicular required. 

PaoBLBM  III. — Urom  a  tjiivenpomi/,  to  lei  faO  a  perpemScuknr  wpom  a  ghen 

tineAB. 

Cote  1.  From  the  pomt//fy.  2,  with  any  radius,  describe  the  arc  de^  cutting 
A  B  in  0  and  d  From  the  points  e  d,  with  the  same  or  any  other  radius, 
describe  two  arcs,  cutting  each  other  in  g.  Through  the  points  /  and  y  draw 
the  line/y,  and/C  will  be  the  perpendicular  required. 

Cue  2.  If  the  point  be  nearly  over  the  end  of  the  line,  from  it  as  at/  Fig.  3, 
draw  a  line  e  /  obliquely  to  the  other  end;  bisect  e/  in  d^  and  with  the 
radius  d  e  draw  the  arc  fc  «,  cutting  the  given  line  at  e^  to  whidi  the  required 
peipendicular  from/  is  to  be  drawn. 

Fig.  2.  Fig.d. 

Fig.  1. 


PaoBLBM  IV.-^7b  make  an  angle  equal  to  another  angle  which  u  ghen,  at  a  B  & 

From  the  point  B,  Fig.  4  with  any  radius,  describe  the  arc  o  5,  cutting  the  1» 
B  a,  B6,  in  the  points  a  and  b.  Draw  the  line  D  6,  and  from  the  point  D, 
with  the  same  radius  as  before,  describe  the  arc  &/,  cutting  Dhmb.  Take  the 
distance  (  a,  and  apply  it  to  the  arc  bf,  from  btof.  LasOy,  through  the  points 
D/  draw  the  line  Uf,  and  the  angle  b  D/  will  he  equal  to  the  angle  &  B  a,  as 
was  required. 

Problem  V.— 7*0  divide  a  given  angte,  ABC,  into  two  equal  parte  or  aaglee. 

From  the  point  B,  Fig,  5,  with  any  radius,  describe  the  arc  A  C.  From  A 
and  C,  with  the  same,  or  anv  other  radius,  describe  arcs  cutting  each  other  in  d» 
Draw  the  line  B  d,  and  it  will  bisect  the  angle  A  B  C  as  was  required. 

« 
Problem  VI.-— 7b  k^  doom  an  angle  of  any  number  of  degrees. 

There  are  various  methods  of  doing  this.  One  is  by  the  use  of  an  instrument 
called  AprotraetoTf  with  a  semicircle  of  brass,  having  its  circumference  divided 
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fntodegreeg;  similar  to /S^r.  6.  Let  A  B  be  a  given  line,  and  let  it  be  required 
to  draw  from  the  angular  point  A  a  line  mating,  with  A  B,  any  number  of 
demes,  euppose  40,  Lay  the  straight  side  of  the  protractor  along  the  line  A  B, 
and  count  40o  from  the  end  B  of  the  semicircle;  at  C,  which  b  40o  from  B, 
mark ;  then,  removing  the  protractor,  draw  the  line  A  C,  which  makes,  with 
A  B^  the  angle  required.  Or,  it  may  be  done  by  a  divided  line,  usually  drawn 
upon  scales,  called  2^Vmefgf  chordt.  Take  60o  from  the  line  of  chords,  in  the 
compasses,  and  setting  one  at  the  angular  point  B,  Prob.  IV.,  with  that  open- 
ing as  a  radius,  describe  an  arch,  uab:  then  take  the  number  of  degrees  of 
wmch  you  intend  the  angle  to  be,  and  set  it  from  btoa,  then  is  a  B  i  Uie  angle 
required. 


Fig.  4. 


Fig.  5. 


Fig.e. 


PaoBLBH  Ylh'^Tknmgh  a  gwm  poitU  C,  to  draw  a 

■     AR 


paraUel  ioagivm 


Case  1.  Take  any  point  4  in  A  B,  I^.  7,  upon  d  and  C,  with  the  distance 
C  d,  describe  two  ares,  e  C,  and  df,  cuttmg  the  line  A  B,  in  e  and  d.  Make 
if/ equal  to  e  C ;  through  C  and/draw  C/  and  it  will  be  tbe  line  reqtdred. 

Cflwe  2.  When  the  iMuraDel  is  to  be  at  a  given  distance  from  A  B.  From 
any  two  points  e  and  0,  in  the  line  A  B,  with  a  radius  equal  to  the  given  dis- 
tance, describe  the  arcs  e  and/;  draw  the  line  C  B  to  touch  those  arcs  without 
cutting  tbeai,  and  it  will  be  parallel  to  A  B,  as  waa  required. 


^/v.' 


-A £. 


PliowBM  VIIL— 2*0  dkuk  a  phtn  Gne  A  B^  pUo  any  propo§id 

equakporis. 


'f 


From  A,  Fia.  8,  one  end  of  the  line^  draw  A  C,  makmg  any  angle  with  A  B; 
and  from  B,  the  other  end,  draw  B  9  parallel  to  A  C,  making  the  ande  A  B  9 
equal  to  B  A  C.  In  each  of  these  lines  A  C,  B  9,  bc»bmin^  at  A  and  B»  set  off 
as  many  equal  parts^  of  any  length,  as  A  B  is  to  be  divided  into.  J<an  the 
points  C  6 ;  4, 6;  3, 7 ;  and  A  B  will  be  divided  aa  required* 

PnoBLSM  IX.'^ToJInd  the  eenire  cf  a  given  circle* 

Draw  any  chord  A  B,  J^.  9,  and  bisect  it  with  the  perpendicular  C  D.  Bisect 
C  D  with  the  diameter  £  F,  and  the  intersection  O  will  oe  the  centre  required. 
Or  the  intersection  of  two  lines  drawn  perpendicularly  through  two  of  its 
chords,  win  be  the  centre  of  a  circle. 
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Proilsm  X.— ^  drmo  a  UmgmU  to  a gw^m  eirek  tkai  MUpau  ihrmigh'9  giem 

pomtf  A. 

From  the  centre  O,  i^.  10,  draw  the  rftdmt  O  A.    Throng  the  point  A, 
draw  D  F  petpendicalar  to  O  A,  and  it  will  be  the  tangent  required. 


^.». 


Fig.  10. 


JPig*  8» 


PftOBLEic  XL — To  drauf  a  iangetU  to  a  eirde,  or  mug  MegmetU  of  a  ekde  ABC 
through  a  givenpohU  B,  withoiU  mahmg  uae  of  tht  centre  of  the  circle. 

Take  any  two  equal  divisions  upon  the  circle,  JRg.  11,  from  the  given  point  B 
towards  d  and  #,  and  draw  the  chord  e  B.  Upon  B,  as  a  centre,  with  toe  dis- 
tance B  d,  describe  the  arc  fdg,  cutting  the  chord  e  B  m  /  Make  dg  equal 
io  df;  through  g  draw  g  B,  and  it  will  be  the  tangent  required. 

Problem  XII.— >GtMfi  three  ootn/t,  A,  B,  C,  fio<  m  a  etraight  Ime^  to  deecribe  a 

arde  that  ehaUpati  through  them. 

Bisect  the  lines  A  B,  B  C,  Tig.  12,  bv  the  peipendiculars  ah^  ha^  meeting 
at  dL  Upon  d,  with  the  distance  dA,dB,otdCf  describe  ABC,  and  it  wiB 
be  the  required  circle. 

1^.12. 


PaoBLBM  XIII. — To  deeeribe  'the  eegment  of  a  drde  to  any  length  A  B,  and 

height  C  D. 

Bisect  A  B,  Fig.  13,  by  the  perpendicular  Dy,  cutting  A  B  in  e.  From  c 
make  c  D,  on  the  perpendicular,  equal  to  C  D.  Draw  A  D,  and  bisect  it  by 
a  perMidiailar  e j^  cutting  'Dg  in  g.  Upon  g  the  centre,  describe  A  D  B,  and 
it  will  be  the  required  segment 

Fig.  13. 


Fig.\^ 
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Problbm  XIV.— 7b  describe  ike  ugmerU  of  a  etrde  by  meant  of  two  rulesy  to 
any  lenglh  A  B,  and  perpendieular  heiylU  C  D,  m  the  middle  of  A  B,  wUhoui 
making  uteof  the  centre. 

Place  tbe  nilet  to  tbe  height  at  C,  Fig.  14 ;  bring  the  edra  dose  to  A  and 
B ;  fix  them  together  at  C,  and  put  another  piece  across  them  to  keen  them 
last  Put  in  pins  at  A  and  B,  then  move  the  rulers  round  these  pins,  holding  a 
pencil  at  the  angular  point  C,  which  will  describe  the  segment 

pROSLBM  XV. — In  any  given  triangle  to  inscribe  a  circle^ 

Bisect  any  two  angles  A  and  C,  Hg,  15.  with  the  lines  A  D  and  D  (X  From 
D,  the  point  of  intersection,  let  M  the  perpendicular  D  E ;  it  will  be  the  radius 
of  tibe  circle  required. 

Problem  X  VI.^/»  a  given  square,  to  describe  a  regular  octagon. 

Draw  the  diagonals  A  B  and  C  D,  Fig.  16,  intersecting  at  e.  Upon  the  points 
A,B,C,  D,  as  centres,  with  a  radius  0  C,  describe  the  arcs  Ae A  ^«>H  meg^fti, 
Join/n,  mhtkiflg,  and  it  will  be  the  required  octagon. 

Problbm  XVIL— /»  a  given  circle,  to  describe  any  regular  polygon. 

Divide  the  eircumfeience  into  as  many  parts  as  there  are  sides  in  the  polygon 
to  be  drawn,  and  jom  the  points  of  division.  Or  divide  360o  by  the  given 
number  of  sides,  and  set  off  from  the  radius  of  the  circle,  an  angle  equal  to  the 
qnotient,  and  its  chord  will  be  one  side  of  the  polygon,  Fig.  17. 

Fig.  10. 


Fig.  15. 


Fig.  17. 


Problem  XVIIL— Qhw  a  gioen  siraighi  fine,  A  B,  to  form  a  polygon  of  any 

nmnber  qf  sides. 
Produce  the  side  A  B  to  P,  F^.  18,  and  on  A  P  ftom  the  centre  B  describe 
a  semicirole  A  C  P  j  divide  the  semicircumference  A  C  P  into  as  many  equal 
parts  as  the  number  of  sides  intended ;  through  the  second  division,  from  P, 
draw  the  line  B  C ;  bisect  A  B  and  P  C  by  perpendiculars  cutting  e^l»  oUier 
in  S;  from  S  with  the  radius  A  S,  B S,  or  CS,  describe  a  circle  ABCD  E, 
then  carry  the  side  A  B  or  B  C  round  the  remaining  part  of  the  arc,  which  will 
be  found  to  contain  the  remaining  sides  of  Uie  number  required.  Fig.  18  is 
an  example  of  a  pentagon ;  we  shall  give  in  Fig.  19  an  example  of  a  hexagon, 
as  in  this  figure  we  need  not  proceed  by  the  general  method :  we  have  only  to 
make  a  radius  of  the  given  side  A  B,  and  take  the  points  A  and  B  as  centtes; 
form  the  arcs  AG  and  BG,  and  strike  a  circle  with  the  radius  G  A  or  OB, 
which  will  contain  the  six  sides. 


Fig.  18. 


Fig.  19. 
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Pbobuh  XIX* — Upem  a  ghem  ime  AB,to  cotutmei  am  tgmHtifral  kim^e. 

Upon  thepointi  A  and  B,  FSg.  20,  with  aradias  eoaalto  A  By deteribeaicliei 
eutting  each  other  at  C.  Diaw  A  C  and  BC,  and  A  BC  wfll  be  the  txiangle 
required* 

Problbm  XX.— 7*0  make  a  irkmgle,  mkoie  mkt  shail  be  equal  to  three  gkea 
Unee  D  £  F,  any  two  of  them  being  greater  thaa  the  third. 

Draw  A  By  i^.  21,  equal  to  the  line  D.  Upon  A,  with  the  radios  F,  describe 
an  are  C  D.  Upon  B,  with  the  radios  E,  describe  another  arc  interNcttng  ike 
fcnncr  at  a    Draw  AC  and  CByandABCwillbe  the  triangle  tc^ML 

Flg.2h 


9. 


Pboilbv  XXL— Jb  wiate  a  figure  eqad  and  etmUar  to  a  gieen  inegtdar  figure, 

ABCD. 


Divide  thejriyen  figure  as  A  BC D,  JRg.  22,  into  two  or  more  triangles^  bj 
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H  F 6,  whose  sides  are  respectively  equal  to  DBC,  then  £FOH  wiU  be  & 
figure  required. 

A  figure  having  more  than  foor  rides  must  neoessaxily  be  divided  into  soore 
than  two  triangles. 

Pboblem  XXII. — 7*0  make  a  equare  equal  to  two  given  equaree. 

Make  the  rides  D  E  and  D  F,  ^i^  23,  of  the  two  eiven  squares  A  and  B^  on 
opporite  sides  of  the  same  straight  lines,  they  will  fonn  the  sides  of  a  i%ht- 
angled  triangle  F  D  £ ;  draw  tfie  hypothennse  F  £ ;  on  it  describe  the  square 
£FGH,anditwiUbethe  square  xequired. 


Fig.  IS. 


Fig.  2% 
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Pboilbm  XXIII.— TVo  right  Unee  A  B,  C  D,  being  given,  to  find  a  tkkd 

prvportionaL 

Make  an  angle  H  £  I,  Fig,  24,  at  pleasure;  firom  £make  £F  equal  to  A  B^ 

and£6equaltoCD:  join  FG.    Take£I  equal  to  £  F,  and  draw  H  I  parallel 

to  F  G;  then  £  H  will  be  the  third  proportional  required :  that  is.  £  F*  £  G  *  - 

EH:  £I,or  AB:CD::CD:EI.  «,        .         . . 
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PEOBLtM  Jf.XlV."'  Tkree  Unet  hemg  ghen,  ioJM  afawrih  proporihuaL 

Draw  G  H  and  G  I,  Fig.  26,  making  any  angle  H  G I ;  take  G  H  equal  to 
AB,  GI  equal  to  CD,  and  draw  H  I.  Make  G K  equal  to  E F;  draw  R  L, 
through  K,  parallel  to  H I ;  then  G  L  will  be  the  fourtn  proportioiial  required^ 
thatiaGH:OI::GK:GL,orAa:  CD::£F:GL. 

Peoblev  XXY. — To  dhide  a  given  Ime  A  B,  w  Me  same  proporHon  at  anotker 

CD,  udkided. 

Make  any  angle  K  H  I|  F!g,  216,  and  make  H I  equal  to  A  B;  then  apply  the 
eeveral  divisioni  of  C  D,  from  H  to  K,  and  join  KL  Draw,  parallel  to  I K^ 
the  lines  e,/^,  ^  ^  ^  ^  by  which  the  line  H I  will  be  divided  as  was  required. 


Fig.2i. 


Fig.  16, 


F^.26. 
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Problem  XXVL-SetKeen  Uoo  gtven  &i#i  AB  tmd  CD,  io  find  a  emom 

proportional. 

Draw  the  right  line  £  G,  Fig.  27,  in  which  make  £  F  equal  to  A  B»  and  F  G 
equal  to  C  D.  Bisect  £  G  in  H,  and  with  H  £  or  H  G,  as  radius,  describe 
the  semicircle  £IG.  From  F  draw  FI  perpendicular  to  EG,  cutting  the 
circle  in  l^  and  I  F  will  he  the  mean  proportional  required. 

Problem  XXyiL— Tb  detcrAe  an  eOipm* 

If  two  pins  be  fixed  at  the  poinU  £  and  F,  Fig.  28,  a  string  being  put  about 
them,  and  the  ends  tied  toffether  at  C ;  the  point  C  being  moved  roun<iC  keeping 
the  string  stretched,  wiU  cfescribe  an  ellipsis. 
.  The  points  £  and  F,  where  the  pins  were  fixed,  are  called  theybct. 

The  line  A  B  passing  through  the  foci,  is  called  the  trantvene  axit. 

The  point  G  bisecting  the  transverse  axis,  is  the  centre  of  the  ellipsis. 

The  Une  C  D  crossing  this  centre  at  right  angles  to  the  transverse  axis,  is 
the  conjugate  axit. 

The  kOut  rectnm  is  a  right  line  passing  through  the  focus  at  F,  at  right 
angles  to  the  transverse  axis  terminated  by  the  curve :  this  is  aUw  called  the 
parameter. 

A  diameter  is  any  line  passing  through  the  centre,  and  terminated  by  the 
curve. 

A  eo/^ugate  diameter  to  another  diameter,  is  a  line  drawn  through  the  centre, 
paralld  to  a  tangent,  at  the  extreme  of  the  other  diameter,  and  terminated  by 
the  curve. 

A  double  ordinate  is  a  line  drawn  through  any  diameter  parallel  to  a  tangent^ 
at  the  extreme  of  that  diameter  terminated  by  the  curve. 

#^.28. 
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Fig.  27. 
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Problim  XXVIII. — 7%e  tratmerte  axit  A  B,  and  ect^ngaU  ask  CD  if  amf 
-  eliipm,  being  given^  to  find  the  two  foci,  and  from  thenee  to  daaibt  the  dbpm. 

Take  the  semi-transvene,  A  E,  or  £  B,  /So.  29,  and  from  C  as  a  centre^ 
describe  an  arc,  cutting  A  B  at  F  and  O,  which  are  the  foeL  Fix  pins  In  thew 
points ;  a  string  being  stretched  about  the  pobts,  F,  C,  G,  the  ellipsis  is  described 
as  aboTe. 

Froblkm  XXIX. — The  eamt  being  given,  to  deeeribe  an  dt^ptit  bg  a  trammeL 

The  trammel,  JRg.  30,  is  an  instrument  consisting  of  two  nilers  fixed  at  right 
imgles  to  each  other,  with  a  groove  in  each.  A  rod,  with  two  morable  nuti^ 
works  in  this  groove,  and,  by  means  of  a  Dendl  fixed  in  the  end  of  the  rod, 
describes  the  curve.  The  operation  is  as  follows : — Let  the  distance  of  the  first 
pin  at  B,  from  the  pencil  at  A,  be  equal  to  half  the  shortest  axis,  and  the  die* 
tance  of  the  second  pin  at  C,  firom  A,  to  half  the  longest  axis ;  the  pins  being 
put  in  the  grooves,  move  the  pencil  at  A,  which  will  describe  the  ellipsis. 


Fig,  29. 


/*£g.  SO. 


PaoBLBM  XXX.— To  deeenbe  an  dtipm  mmUar  to  a  given  one  ADBC,to  ang 

given  length  I  K,  or  to  agiaen  width  M  L. 

Let  A  B  and  CD,  Fig,  31,  be  the  two  axes  of  the  given  ellipsis.  Through 
the  points  of  contact  A,  D,  B,  C,  complete  the  rectangle  G  £  H  F ;  draw  the 
diagonals  £  F  and  GH :  they  will  pass  through  the  centre  at  R.  Through  I 
andK  draw  FN  and  OQparallel  to  CD,  cutting  the  diagonals  £ F  and  GH, 
at  P,  N,  Q,  O.  Join  PC  and  NQ,  cuttingC  D  at  LandM;  then  IK  is  the 
transverse,  and  M  L  the  conju^te  axis  of  an  ellipsis,  that  will  be  similar  to 
the  given  ellipsis  A  D  B  C,  which  may  be  described  by  some  of  the  foregoing 
methods, 

pROBLBM  XXXI. — To  deeenbe  a  parabola. 

If  a  thread  equal  m  length  to  BC  be  fixed  at  C,  Fig.  32,  the  end  of  a  square 
ABC,  and  the  other  end  be  fixed  at  F ;  and  if  the  side  A B  of  the  ■quare 
be  moved  along  the  line  A  D,  and  if  the  point  £  be  always  kept  close  to  the 
edge  B  C  of  the  square,  keeping  the  string  tight^  the  point  or  pin  £  will  describe 
a  curve  £  G I H,  called  a  paraoola* 

Flg,Z2. 
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llie/mw  of  the  waliok  ii  the  fixed  pmnt  F,  about  which  the  itring  rcToIve*. 

Hie  Urtetrii  ii  the  line  A  D,  which  the  lide  of  the  Musre  more*  aloDg- 

The  OJeii  ii  the  line  L  K,  drawn  through  the  fociu  r,  perpendieuJai  to  til* 
directrix. 

The  verUx  U  the  point  I,  where  tha  line  L  K  euU  the  curre. 

The  lalui  rtdum  or  pmvmtftr,  u  the  line  O  H  paMing  through  the  Iboui  F, 
at  right  angle*  to  the  axii  I K,  and  terminated  bj  the  curre. 

The  diameUr  ii  any  line  M  N,  drawn  parallel  to  the  aiii  1 K. 

A  ihuili!  ordmaU  ii  a  rieht  Ibe  R  S,  drawn  parallel  to  a  tangent  at  M,  tiio 
extreme  of  the  diameter  M  N,  terminated  by  the  curve. 

Tlie  ahieata  ii  that  part  of  a  diameter  contained  between  the  cnrre  and  ilf 
ordinate,  aa  M  N. 


licet 


FaoBi.au  XXXII. — To  deicr^  o  forabala,  byfauSng  malt  k 
axit  A  B|  or  oay  diamrltr  btatj  gkai,  md  a  dcutle  ordin 
ThroughAdtawEF,  %.  33,  MualleltoCD;  through  C  and  D  draw  D  F 
and  C  E  parallel  to  A  B,  cutting  E  F  at  E  and  F.  Divide  B  C  and  B  D,  each 
into  any  number  of  equal  parta,  aa  fiwr ;  likewite  divide  C  E  and  D  F  into  tha 
■ame  number  of  equal  paiti.  Through  the  poioti  1,2,3,  fre.  in  CD,  draw  the 
Unea  1  a,  2  &,  3  e,  Ac.  parallel  to  A  B ;  alio  through  the  poioti,  1,  2,  3,  &c.  in 
C  E  and  D  F,  draw  the  linei  1  A,  2  A,  3  A,  catting  the  parallel  linei  at  the 
point!  a,  i,  e ;  then  ^e  point*  a,b,e,  are  in  the  curve  of  the  parabola. 

PaoBiBK  XXXIII.— TV  dtierilit  m  hgpttMa. 

If  B  and  C,  ^.  34,  he  two  liied  jrainti,  and  a  ruler  A  B  be  made  movable 
about  the  p<nut  B,  a  itring  ADC  being  tied  jto  the  other  end  of  the  rule,  and 
to  the  point  C;  and  if  the  point  A  he  moved  round  the  centre  B,  towatdi  O, 
the  angle  D  of  the  itring  A  D  C,  by  keeping  it  alwayi  tight,  and  doie  to  the 
tigtiS  the  Tiller  A  B,  will  deacribe  a  curve  D HO,  called  an  hyperbola. 


Ifdiaendof  thanilerat  B  wore  made  movable  about  the  poiut  C,  the  rtrin; 
being  tied  from  the  end  of  the  rule  A  to  B,  and  a  curve  being  described  after 
the  Muna  manner,  ii  called  an  imonle  kgorrbola. 

The  fid  are  the  two  p<uiit«  B  and  C,  about  which  the  ruler  and  itring 
levolve. 

The  mmnwne  axU  ii  the  line  I H  terminated  by  the  two  curvei  pauing 
through  the  fooi,  if  continued. 

The  cenfre  ii  the  point  M,  in  the  middle  of  the  trantverw  asii  I  H. 

The  toi^ugait  axit  it  the  line  N  O,  pasung  ihrousb  the  centre  M,  and  tennl- 
nated  by  a  circle  from  H,  whoea  radiui  ii  M  C,  at  N  and  O. 

A  Jianirler  ii  any  line  VW,  drawn  through  tha  centre  M,  and  tenniaated  by 
the  <fpoiite  cuxvM. 
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Coi^^faU  dkmeier  io  moAer^  it  %  line  dnnra  tlimigli  the  centre,  pntaDcl  to 
a  tangent  wiUi  either  of  the  enrvei,  at  the  extremi^  of  the  other  diameter 
terminated  by  the  cunret. 

AUema  is  when  any  diameter  it  oootinaed  within  the  conre,  terminated  I9 
a  double  ordinate  and  the  curve;  then  the  part  within  it  called  the  abecina. 

DmMe  ordmaie  is  aline  dbrawn  through  any  diameter  parallel  to  its  conjugate, 
and  terminated  by  the  cunre. 

Parameter,  or  latut  rectum,  is  a  line  drawn  through  the  fixni,  papendicnlar 
to  the  transrerse  azii,  and  tenninated  by  the  curre* 

PaoBLBM  XXXIV.— To  deteribe  am  hyperbola  hyJMiagwmU  m  ike  emru, 
hmring  the  diameter  or  ane  A  B,  ito  abieiua  B  G,  and  dMle  onBmUe  D  C. 

Through  G  draw  £  F,  FIff.  35,  parallel  to  CD;  from  C  and  D  draw  CE 
And  D  F,  parallel  to  B  G,  cuttmg  £  Fin  E  and  F.  Divide  C  B  and  BD,  eadi 
into  anv  number  of  equal  parts,  as  four ;  through  the  points  of  division,  1, 2, 3, 
draw  Imes  to  A.  likewise  divide  £  C  and  D  F  into  the  same  number  of 
equal  parts,^  via.  four ;  from  the  divisions  on  C  £  and  D  F,  draw  lines  to  G ;  a 
curve  oeing  drawn  through  the  intersections  at  G,  a,  6,  &c.  will  be  the  hyper- 
bola required. 

GILDING.  The  art  of  applying  to  various  substances  an  extremely  thin 
coating  of  gold.  If  the  substances  to  be  gilt  be  metallic,  this  is  effected  by 
simple  adhesion  of  the  surfaces ;  but  if  not,  the  gold  is  attached  by  means  of 
some  adhesive  medium.  The  simplest  of  all  the  kinds  of  gilding  on  metal  is 
that  bv  which  copper  or  silver  wire  is  gOt  The  bar,  before  it  is  given  to  the 
wire  drawer,  is  plated  with  gold  by  having  several  layers  of  gold  leaf  burmshed 
down  uj^n  them  whilst  hot;  andbein^  then  subjected  to  the  stronger  compres- 
sion which  takes  place  in  wire  drawmg,  the  gold  and  the  other  metal  become 
So  perfectly  united  as  to  form,  in  fact,  one  substance ;  but  the  most  usual  wa^ 
of  covering  the  fiice  of  metals  with  gold  is  by  means  of  an  amalgam,  or,  as  it 
is  technicaUy  termed,  water  ffilding.  If  the  metal  to  be  |^t  be  silver,  it  is  first 
soaked  in  warm  muriatic  boo,  that  the  surfoce  may  be  rendered  perfectly  dean, 
and  then  washed  in  dean  water,  chansed  two  or  three  times  to  get  rid  of  the 
whole  of  the  add ;  being  afterwards  £ied  and  made  moderately  warm,  a  little 
gold  amalyim,  also  warm,  is  to  be  carefully  and  evenly  spread  upon  the  silver, 
to  which  It  will  immediately  adhere.  The  plate  is  then  placed  upon  a  con- 
venient support  over  a  charcoal  fire,  and  the  mercury  is  driven  off  by  heat, 
when  the  plate  will  be  found  entirely  covered  with  a  thin  coating  of  pale  dull 
gold.  The  small  roughnesses  are  now  to  be  removed  with  a  scratching  brush, 
composed  of  extremely  fine  brass  wire,  which  renders  the  surface  perfectly 
smooth  and  brij^ht ;  after  which  the  colour  is  heightened  by  warming  ue  pieee 
mid  smearing  it  over  with  gilder's-wax,  which  is  a  composition  of  oees'-was, 
red  ochre,  verdigris,  and  alum.  The  wax  being  burnt  off  over  a  charcoal  fire, 
and  the  |>iece  quenched  in  urine,  the  colour  of  the  finding  will  be  found  to  be 
much  heightened,  after  which  it  may  be  burnished  or  not,  as  may  be  desired. 
The  afilmty  of  copper  and  its  allojrs  not  being  so  great  as  that  of  silver  for 
mercury,  the  adhesion  of  the  amal^;am  is  promoted  by  the  action  of  nitric  add 
in  the  following  manner: — the  piece  of  copper,  a  button  for  instance,  after 
beinff  deaned  and  bumiihed,  is  dipped  in  a  solution  of  nitrate  of  mercurv, 
which,  owing  to  the  superior  affinity  of  the  copper  for  the  nitric  add,  is  quickly 
decomposed,  and  the  mercury  becomes  deposited  in  a  metallic  state  over  the 
whole  surface  of  the  copper,  to  which  it  strongly  adheres ;  the  gold  amalgam 
is  now  applied,  and  the  rest  of  the  process  goes  on  as  akeady  described.  Gild- 
ing is  rarely  applied  to  other  metals  than  silver,  copper,  and  Uie  alloys  of 
the  latter  metal.  There  are  two  methods  of  gilding  wood,  via.,  oil  gilding  and 
burnished  gilding.  Oil  gilding  is  thus  performed : — the  wood  is  first  primed  or 
covered  with  two  or  three  coatings  of  boiled  linseed  oil  and  white  lead,  to  fill 
in>  the  pores  of  the  wood,  and  to  render  the  surface  smooth  and  even.  When 
the  priming  is  ^uite  dry,  a  thin  coat  of  ffold  siie  must  be  laid  on;  this  is  pre- 
pared by  grindmg  together  some  strongly  calcmed  red  ochre  with  the  thickest 
diying  oil  that  cito  be  procured;  and  previous  to  using  it,  it  must  be  mixed  with 
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ft  litde  oil  of  tan»etitiiie»  that  it  may  work  freely.  When  the  gold  nse  is  nif* 
fidently  dry,  leaf  gold,  cut  into  strips,  is  taken  up  by  the  point  of  a  fine  brush 
and  applied  to  the  parts  to  be  ffilded,  and  is  then  gently  pressed  down  by  a  ball 
of  soft  cotton ;  the  gold  instanUy  adheres  to  the  sticky  surface,  and,  after  a  few 
minutes^  the  dexterous  apdication  of  a  catnel's-hair  brush  sweeps  away  the 
loose  particles  of  gdd  leaf  without  disturbing  the  rest  In  a  day  or  two  the 
dze  will  be  perfecUy  dry,  and  the  operation  is  then  finished.  This  method  is 
■inuile  and  aurable,  but  will  not  admit  of  bumishine,  and  therefore  wants  the 
high  lustre  [iroduced  b^r  the  next  process :  it  is  chiefly  used  for  out-door  work. 
Burnished  gilding,  or  ^ding  in  distemper,  is  thus  performed  :*-the  surface  to 
be  gilt  must  be  first  covered  with  a  thick  coating  of  strong  parchment  size ; 
this  coating  being  dried,  eiffht  or  ten  more  must  be  applied,  consisting  of  the 
same  siae,  mixed  with  fine  piaster  of  Paris  or  washed  chalk ;  and  when  the  whole 
is  perfectly  dry,  a  moderately  thick  layer  must  be  applied  of  size,  mixed  with  bole 
or  yellow  ochre.  While  this  last  is  yet  moist  the  gold  leaf  is  to  be  put  on  in  the 
usual  manner ;  it  will  immediately  adhere  on  bein^  pressed  by  the  cotton  ball, 
and  before  the  size  is  perfectly  dry,  those  parts  wmcn  are  intended  to  be  most 
brilliant  are  to  be  carefully  burnished  with  an  agate  or  dog's  tooUi.  This  kind  of 
giUSng  will  not  withstand  rain  or  even  damp,  and  is  therefore  only  applied  to 
m-door  work,  as  picture  frames.  See, ;  it  may  be  cleaned  with  a  soft  brush  and 
hot  roirit  of  wine,  or  oil  of  turpentine. 

GIMBALS,  in  Sea  A£&irs,  the  brass  rings  by  which  a  sea  compass  is  sus- 
pended in  its  box,  forming  a  universal  joint  upon  the  principle  of  Uooke's,  so 
as  to  counteract  the  effect  of  the  ship's  motion,  and  to  keep  the  card  hori* 
sontaL 

GIN,  in  Mechanics,  a  machine  for  driving  piles,  fitted  with  a  windlass  and 
winches  at  each  end,  at  which  eight  or  nine  men  heave  the  rope  firom  the 
barrel  or  vrindlass^  passing  over  the  wheel  at  the  top. 

GLAIR.  The  white  of  eggs  used  as  a  varnish  for  painting ;  for  this  pur- 
pose it  is  beaten  to  an  unctuous  consistence,  and  commonly  mixed  with  a  fittle 
spirit  of  wine  to  make  it  work  freely,  and  a  little  lump  of  sugar,  to  give  it  body 
and  prevent  it  firom  cracking;  it  is  then  evenly  spread  over  the  picture  with  a 
fine  brush. 

GLASS.  A  welt-known  transparent  and  brittle  fSustitious  substance,  of  which 
the  basis  is  silica,  brought  into  complete  fiision  by  the  addition  of  one  of  the 
fixed  dkalies.  There  are  several  different  kinds  of  glass,  adapted  to  difierent 
uses.  The  best  and  most  beautifiil,  are  the  flint  and  the  plate  glass;  these, 
when  well  made,  are  perfectiv  transparent  and  colourless,  heavy  and  briUiant. 
They  are  coniposed  of  fixed  alkali,  pure  silidous  sand,  calcined  flints,  and 
lithiff^  in  different  proportions.  The  flint  glass  contains,  likewise,  a  Uoge 
quantity  of  oxide  of  leaa,  which,  by  certain  processes,  is  easily  separated. 

Crown  glass  is  that  used  for  windows,  and  is  made  without  lead,  diiefly  of 
fixed  alkim  fiised  with  silicioua  sand,  to  which  is  added  some  black  oxide  of 
manganese,  which  is  apt  to  give  the  glass  a  tinge  of  purple. 

Bottle  glass  is  the  coarsest  and  cheapest  kind;  into  Uiis  little  or  no  fixed  alkali 
enters  the  composition :  in  this  countey  it  is  composed  of  sand,  and  the  refuse 
of  Uie  soap  bouer,  which  consists  of  the  lime  employed  to  render  his  dkali 
caustic,  and  of  Uie  earthy  matters  with  which  the  alKali  was  contaminated.  The 
most  fbsible  is  flint  glass,  and  the  least  ftinble  is  bottle  glass ;  flint  glass  melting 
at  the  temperature  m  lOo  Wedgwood,  crown  glass  at  30o,  and  bottle  glass  at 
47®.  Although  glass  when  cold  is  exceedingly  brittle,  when  heated  to  rednesi 
it  becomes  one  of  tiie  most  ductile  bodied  known»  and  may  be  drawn  into 
threads  so  very  delicate  as  to  become  almost  invisible  to  the  human  eye :  it  ia 
extremely  elastic,  and  one  of  the  most  sonorous  of  bodies.  In  makmg  glassy 
the  materials  undergo  a  prepantor;^  process  called  frittmg,  which  ccmsists  ia 
mixing  them  in  the  proper  proportions,  and  submitting  them  to  a  moderate 
heat  for  six  hours,  by  which  they  are  reduced  to  a  pasty  consistence^  and  form 
what  is  called  firit,  which  is  cut  into  squares,^  and  stcn«d  up  for  use ;  and  as 
tho  quali^  of  the  glass  depends  upon  the  age  of  the  frit,  the  principal  manu- 
freturers  endeavour  always  to  keep  a  considerable  stock  of  firit  on  hand.  Thia 
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it  introduced  into  lam  poti  made  of  preptfed  day,  and  In  tkew  k  expoM 

to  a  heat  euffident  to  mdt  it  eom^etely.  When  the  fiiaioo  hai  continued  the 
proper  time,  the  furnaoe  is  allaired  to  cool  a  litde ;  in  thii  etate  the  glan  ii 
exceedingly  ductile,  and  will  aaeame  any  shape,  aeeovdtng  to  the  fimcy  of  the 
irorkmaB.  The  veeseb  thus  formed  mutt  not  be  permitted  to  cool  very 
^ekly ;  hence  thev  are  put  into  a  fiimaoe,  that  the  heat  may  paaa  off  very 
gradually,  and  this  u  called  *'  annealing."  Hairing  udd  thna  much  to  giTe  a 
general  idea  of  the  proccM,  we  ihall  now  proceM  to  describe,  somewbat  in 
detdl,  the  manual  opemtions  in  the  manufacture  of  glass ;  observing  tha^ 
owing  to  Ihe  exdae  laws,  the  different  branches  of  the  manufSictore,  Tix.  crown, 
flint,  plate,  and  bottle  ^lass,  are  not  carried  on  at  the  same  works,  but  re<piire 
tobe  m  separate  establishments;  we  shall,  therefore,  select  for  description  the 
manufacture  of  flint  glass,  b^  which  the  various  utensils  in  glass  are  produced. 
The  other  branches  mffer  pnncipally  In  the  number  and  arrangement  of  the  fur- 
naces ;  but  in  all  of  them,  with  the  exception  of  olate  glass,  the  glass  is  brought 
into  the  desired  form  principally  by  means  of  a  olowinr  pipe :  me  operation  is 
exceedingly  simple :  the  workman  has  a  tube  of  iron,  the  end  of  which  he  dips 
into  a  pot  of  melted  glass,  and  thus  gathers  a  small  quantity  of  it  on  the  end 
«f  the  tube ;  he  then  applies  the  other  end  of  the  tube  to  his  mouth,  and  blows 
air  ihrougk  it ;  this  air  enters  into  the  bodv  of  the  fluid  glass,  and  expands  it 
out  into  a  hollow  globe  similar  to  the  soap  bladden  blown  from  a  tobacco  pipe, 
and  by  varied  management  of  these  elobes  while  in  a  soft  state,  and  with  the 
«id  of  a  few  simple  tools,  they  are  reduced  into  the  forms  of  the  different  ves^ 
■els  in  common  domestic  use.  The  first  thing  to  be  described  is  the  furnace : 
it  consiste  of  two  large  domes  set  one  over  the  other ;  the  lower  one  stands 
«ver  a  long  grating,  which  is  on  a  levd  with  the  eround ;  on  this  grating  the 
ftid  is  laid,  and  beneath  it  is  a  huge  arch,  by  which  the  air  is  admitted,  and  by 
which  the  ashes  may  be  removed.  In  the  sides  of  the  lower  dome  as  many 
holes  or  mouths  are  made  as  there  are  workmen  to  make  use  of  the  iumace, 
imd  before  each  mouth  a  not  of  mdted  glass  is  placed ;  the  pots  are  very  larger 
like  crudbles,  and  will  hold  from  three  to  four  nundred-wdght  of  lionid  glass ; 
^y  are  supported  upon  three  small  piers  of  brickwork,  resting  on  the  floor  of 
the  ftimace.  The  form  reverberates  the  flame  from  the  roof  down  upon  the 
pots,  and  they  are  placed  at  some  distance  witiiin  the  ftimace,  that  the  flame 
may  get  between  the  wall  and  the  pots.  The  upper  dome  is  built  upon  the 
other,  and  its  floor  made  flat  by  filling  up  round  th^  roof  of  the  lower  dome 
with  brickwork ;  there  is  a  small  cfaimney  opens  firom  the  top  of  the  lower  dome 
into  the  middle  of  the  floor  of  the  i^per  one,  which  conveys  the  smoke  away 
from  it,  &nd  a  flue  finom  the  upper  dome  leads  it  completely  firom  the  furnace ; 
the  upper  dome  is  used  for  annealing  the  glass,  and  is  exacUy  nmilar  to  a  large 
oven ;  it  has  three  mouths,  and  in  diffh«nt  parte  a  small  flight  of  steps  leads 
up  to  each.  The  implemento  employed  in  the  formation  of  glass  vessels  are 
few  and  simple;  the  following  are  the  principal:  a  blowing^pipe,  which  is 
dmply  a  tobe  of  wrought  iron  about  thne  feet  long,  and  covered  with  twine 
towaids  the  mouthpiece,  pliers  and  calliper  compasses,  a  pair  of  common 
■hears  to  cut  the  glass,  a  very  coarse  flat  file,  and  several  small  iron  rods ; 
there  is  also  a  bench  or  stool  with  two  arms,  another  stool  or  table  with  a 
smooth  cast-iron  plate  upon  it,  and  upon  the  ground  behind  this  stod  is  another 
plate  of  iron. 

We  shdl  now  proceed  to  describe,  somewhat  more  minutely,  the  manufac- 
ture of  flint  glass.  The  meltine  poto  are  charged  with  frit,  tiirown  in  by 
■hovdaiUl  from  time  to  time,  aBowing  each  portion  to  mdt  befive  a  firesh 
quantity  is  added.  When  the  whole  is  convertM  into  a  clear  transparent  class, 
and  is  become  perfectiy  pure  and  firee  finom  partides  of  sand  or  buobles  of  air, 
the  ffatherers  and  blowers  commence  operations,  and  continue  working  night 
and  day  until  the  batoh  is  exhausted.  The  process  of  blowing  is  varied  accm- 
inf  to  the  form  of  the  piece  to  be  manufactored ;  to  illustrate  it,  it  will  be  sui^ 
fbient  to  describe  the  method  in  which  a  wine  glass  is  formed.  When  tiie 
Uower  has  received  from  the  gatherer  the  blowing  pipe  charged  with  a  sufficient 
quantity  of  metal,  he  seate  himsdf  in  a  chair  provided  with  two  arms  or  elbows^ 
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one'of  wlueh  is  tolated  whh  iron,  and  placing  the  blow  pipe  across  the  elbows/ 
so  that  the  heatea  end  may  rest  on  the  iron  ^ate,  having  first  formed  the  flass 
into  a  hollow  ball,  he  rolls  the  pipe  backwutb  and  forwards,  and  laying  nold 
of  the  glass  on  the  farther  side  of  the  ball  with  a  small  pair  of  pliers,  draws 
it  out  to  fovm  the  stalk  of  the  glass,  while  the  part  next  the  blow  pipe  is 
fashioned  into  the  bowl.  In  the  mean  time  another  blower,  having  formed  a 
smaller  ball,  opens  it  by  a  sharp  cut,  and  presses  it  while  red  hot  against  the 
end  of  the  stalk  held  by  the  former  workman,  to  which  it  immediately  adheres ; 
the  workman  then  with  a  piece  of  iron,  which  he  wets  with  his  mouth,  touches 
the  globe  intended  for  the  bowl  of  the  glass,  which  is  still  very  hot,  although  so 
much  chilled  as  to  retain  its  shape ;  in  a  second  or  two  it  cracks  ^1  round,  and 
by  giving  it  a  gentle  knock  it  is  detached  from  the  blowing  pipe.  The  workman 
then  instantly  heats  it,  and  with  a  pair  of  shears  cuts  the  mouth  smooth 
and  even ;  but  as  the  shears  have  put  toe  glass  out  of  the  circular  form,  he  heats 
it  again,  and  by  a  dexterous  twirl  and  swing  round  his  head  gives  it  the 
desired  shape  almost  without  the  use  of  any  tools.  The  wine  glass  now  finished, 
the  iron  at  the  foot  is  detached  by  a  smart  blow,  and  the  glass  is  carried  by  a 
boy,  upon  a  long  forked  iron,  to  the  annealing  oven.  After  the  ^lass  is  annealed 
it  may  he  required  to  be  cut  before  it  is  ready  for  sale :  this,  when  the  articles 
are  small,  and  can  be  easily  held  in  the  hand,  is  performed  upon  small  grit 
grindstones,  or  by  circular  plates  of  iron,  revolving  in  troughs  of  sand  and 
water;  and  for  beaded  mouldmgs,  as  upon  decanters,  a  corresponding  groove  is 
fbrmed  upon  the  periphery  of  the  plate.  The  operations  are  concluded  by 
polishing  the  cut  parts  by  means  of  revolving  straps  covered  with  polishing 
powder. 

In  the  manufacture  of  bottle  glass,  after  the  metal  is  brought  into  fUsion, 
which  requires  an  intense  heat  during  eighteen  hours,  it  is  reduced  to  the  work- 
ing temperature,  which  is  steadily  maintained  by  a  due  supply  of  fUel,  and 
bemg  scummed,  is  ready  for  blowins;.  For  carboys  and  similar  articles  it  is 
merely  blown  into  a  globular  form ;  but  for  common  wine  bottles,  or  for  square 
or  octagonal  bottles  or  jars,  it  is  blown  within  moulds.  Each  piece,  as  it  is- 
blown,  IS  handed  over  to  the  finisher,  who  forms  the  ring  at  the  mouth  of  the 
neck,  and  delivers  it  to  a  boy,  to  be  placed  in  the  annealmr  oven. 

In  makine  crown  glass,  as  soon  as  the  metal  is  ready  for  blowing,  a  workman 
gathers  on  the  blowing  pipe  a  quantity  of  metal  sufficient  for  forming  a  sheet 
or  table  of  glass,  which  he  blows,  and,  by  frequent  rolling  on  a  polished  table, 
brings  it  into  a  globular  or  cylindrical  form ;  ne  then  inflates  it  gently  into  an 
oblong  ball  called  a  paritietme,  and  immediately  heats  it  again  at  the  mouth  of 
the  fiunace,  in  order  farther  to  expand  it ;  in  this  stage  a  solid  iron  rod,  chaiged 
with  melted  glass,  is  made  to  adhere  to  the  centre  of  the  expanded  part  oppo- 
site the  extremity  of  the  blow  pine,  and  this  latter  is  detached  from  the  elass  by 
a  cold  iron,  leaving  an  orifice,  which  is  gradually  enlarged  by  heating  the  ^lass 
at  the  small  hole  of  the  flashing  furnace,  and  afterwards  at  the  larger  hole  of 
the  same  ftirnace,  the  workman  all  the  while  wheeling  the  rod  which  supports  the 
glass  on  a  hook  in  a  cross  wall,  built  to  defend  him  from  the  heat.  By  degrees, 
m  consequence  of  the  heat  and  the  centrifugal  motion,  the  opening  of  the  glass 
is  continually  enlarged,  until  it  expands  suddenly  with  great  violence  into  the 
form  of  a  large  dreular  plate,  four  or  five  feet  in  diameter,  and  of  uniform 
thickness,  except  at  the  centre,  where  it  is  attached  to  the  supporting  iron  ;  from 
this  iron  it  is  separated  by  the  application  of  cold,  leaving  in  the  centre  a  thick 
nodule  called  the  bull's  eye ;  and  when  the  plate  is  sufficiently  firm  to  prevent 
warping,  it  is  carried  to  the  annealing  oven  and  placed  on  its  edge  in  a  proper 
frame,  to  keep  it  flat  till  aU  the  tables  are  ready  for  removal  into  the  crates  in 
which  they  are  kept 

Plate  glass  is  formed  either  by  blowing  or  casting :  by  the  former  method  is 
made  the  glass  for  carriage  windows ;  and  by  the  latter,  the  large  plates  for 
looking  glasses.  Of  late  it  is  said  that  the  art  of  blowing  plate  glass  has  been 
so  much  improved,  that  plates  measuring  60  inches  in  length  by  21  in  breadth 
have  been  produced  by  this  method;  but  by  casting,  much  larger  plates  are* 
produced,  and  the  establishment  at  Ravenhead  has  exhibited  at  their  warehouse 
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near  Blackfrian'  Bridge  plates  of  the  estraordinary  doneAfiou  of  12  feet  by  6. 
The  iiHMt  perfect  fiiniace  for  manufarturiny  plate  dan  appears  to  be  thai 
which  is  employed  in  France.    It  consists  or  a  centru  melting  fomaoe  of  an 
oblong  form,  with  a  double  arched  roof;  it  is  capable  of  containing^  upon  a 
raised  bench  on  each  side  of  the  fire  grate,  two  large  melting  pots  and  a  as- 
tern ;  in  each  angle  of  the  furnace,  and  on  each  side,  are  two  or  three  openings 
for  introducing  the  matoials,  transferring  the  melted  metal  firom  the  pots  to  the 
cistern,  and  withdrawing  the  latter  when  filled  with  metal :  at  each  angle  of 
the  principal  furnace  is  another  of  an  oblong  form  communicating  wiu  the 
central  one  by  flues,  through  which  the  flame  reflectinff  firom  the  arches  of  the 
melting  fiimace  reverberates  on  their  contents.    Each  of  these  smaller  fur- 
naces has  two  openings,  a  smaller  one  for  producing  a  current  of  air,  and  a 
kurger  one  for  introducing  and  removing  what  is  placed  within  them.   Three  of 
them  are  usually  employed  for  burning  the  melting  pots  and  cisterns,  which 
are  made  of  fire-clay ;  and  the  fourth  is  used  for  preparing  the  frit     Around 
the  plate  glass  bouse  are  several  annealing  furnaces  like  baker's  ovens,  with 
capacious  mouths.     For  receiving  the  melted  metal  from  the  pots,  square  ds- 
terns  of  sufficient  capacity  to  contain  melted  metal  enough  for  one  plate  are 
used,  and  when  these  are  filled  they  are  withdrawn  from  Uie  fiimace  by  means 
of  lam  iron  tones,  supported  upon  an  axle  running  i^n  two  wheels ;  another 
pair  of  tongs  mMe  to  encompass  the  cistern  by  entenng  a  groove  cm  its  sides, 
and  furnished  at  each  end  with  a  handle  for  the  more  convenient  management 
of  it,  is  attached  by  four  chains  to  a  sort  of  crane  fix  suspending  and  raising  the 
cistern  into  a  proper  position  with  regard  to  the  table.    The  casting  table  con- 
ibts  of  an  oluong  firune  of  wood,  covered  on  its  upper  surfiu^  with  a  thick 
sheet  of  smooUi  copper,  having  at  its  sides  two  iron  nuers  of  the  thickness  of 
the  intended  plate,  their  distance  asunder  being  regulated  by  the  proposed 
breadth  of  the  plate.    An  iron  roller  of  considerable  weight,  ramished  with  a 
handle  at  each  end,  resting  on  die  iron  rulers  at  one  end  of  die  table,  is  made  to 
pass  over  the  melted  metal  when  poured  upon  the  table,  in  order  to  form  it  into 
a  plate  of  uniform  thickness.    The  apjparatus  just  described  is  used  only  for 
eattmw  plate  glan,  that  for  blowing  bemg  so  simple  as  to  need  no  particular 
descnption.    In  preparing  the  materials  for  plate  class  they  are  first  reduced 
to  powder,  well  mixed  tether  and  calcined  in  the  firitting  furnace  before 
described ;  they  are  then  removed  as  quickly  as  possible  into  the  melting  pots 

Sreviously  heated,  and  after  being  melted,  which  generally  requires  about  ten 
ours,  the  heat  is  continued  at  its  utmost  degree  till  the  metal  becomes  perfectly 
fine ;  it  is  then  ladled  from  the  pots  into  the  cistems,  which  are  then  drawn  out 
on  prqecting  ledges,  and  conveyed  to  the  casting  table,  over  which  they  are 
suspended  by  the  crane,  and  by  means  of  the  handles  of  the  tongs  they  are 
incuned  so  as  to  allow  dieir  contents  to  flow  over  the  table :  the  iron  roller  is 
then  immediately  passed  steadily  over  the  surface  of  the  melted  metal,  sweeping 
off  the  superfluous  matter  into  troughs  placed  at  the  sides  of  the  table ;  and 
when  the  roller  reaches  the  further  extremity  of  the  table,  it  is  expeditiously 
lowered  on  a  tressel,  which  prevents  its  interfering  with  the  plate.  The  opera- 
tion of  casting  is  peiformea  before  the  mouth  of  the  anneahng  oven,  in  which 
it  remains  exposed  to  a  moderate  heat  for  fourteen  days,  the  heat  beinff  at  last 
Bufiered  to  die  away  as  gradually  as  possible.  When  quite  cool  it  is  wiwdrawn, 
carried  to  the  magazine,  examined,  and  cut  square  by  a  glazier's  diamond,  and 
is  then  ready  for  the  operations  of  grinding  and  pohshing.  The  casting  table 
and  treasel,  as  also  the  crane,  are  all  mounted  upon  wheels,  for  the  convenience 
of  removiiiff  them  from  one  annealing  furnace  to  another.  When  plate  glass  is 
made  by  blowing  instead  of  casting,  after  the  materiids  have  been  f^ed  as 
before  described,  and  become  fine,  the  further  admission  of  air  is  prevented  by 
closing  all  the  openings  of  the  fiimace,  and  every  thinff  is  sufiei«d  to  remain 
stationary  for  nine  or  ten  hours.  This  gradual  cooline  has  oeen  found  necessair, 
to  enable  the  melted  glass  to  adhere  sufficiently  to  the  blowing  pipe.  The  moae 
of  blowing  plate  glass  greatly  resembles  that  used  in  the  manufacture  of 
table  j^lass,  except  in  the  quantity  of  metal  gathered  on  the  blowing  pme, 
which  IS  sometimes  nearly  lOOIbs.    When  plates  of  the  laiigest  size  are  to  oe 
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formed,  Hh«  metal  is  gradually  blown  and  worked  into  the  form  of  a  cylinder, 
which  is  cut  open  at  one  side  with  a  jmir  of  shears,  and  the  soft  glass  is  spread 
on  a  heated  floor,  covered  with  a  thick  stratum  of  sand,  and  from  Uience  is 
speedily  conveyed  to  the  annealing  furnace.  In  grinding  plate  glass,  two  plates 
are  always  ground  together,  one  being  imbedded  in  faster  of  Paris  upon  a 
table,  whilst  the  other,  also  imbedded  in  plaster,  is  placed  upon  the  former,  and 
being  loaded  with  ^at  weights,  is  moved  uniformly  but  pretty  quickly  over  its 
surface.  Sand  moistened  plentifully  with  water  is  from  time  to  time  sprinkled 
between  the  plates,  and  grinds  away  all  the  prominences  of  the  glass  until  both 
plates  become  smooth  and  even.  As  the  grinding  proceeds,  sand  of  greater  fine- 
ness is  employed ;  and  towards  the  conclusion,  it  is  exchanged  for  emery,  also  of 
varying  fineness.  As  by  grinding  the  surface  is  roughened  and  rendered  in- 
capable of  transmitting  the  rays  of  light,  it  becomes  necessary  to  restore  its 
lustre  by  polishing,  which  is  performed  by  rubbine  the  surface  with  a  block  of 
wood,  covered  on  the  lower  side  with  a  woollen  cloth.  The  workman  keeps  it 
supplied  with  fine  polishine  powders,  as  tripoli  and  putty,  changing  from  coarse 
to  fme,  as  the  polishing  advances  to  a  conclusion.  To  regulate  the  pressure  a 
springing  pole  is  put  on  the  back  of  the  block,  which,  being  bent  to  a  curve,  is 
supported  from  the  ceiling  of  the  workshop. 

GLASS,  (Soluble.)  A  simple  silicate  or  potassa  or  soda,  which  unites  perfect 
solubility  in  boiling  water  to  some  of  the  general  properties  of  common  glass; 
In  the  liquid  state,  it  may  be  applied  to  cloth  or  wood,  for  the  purpose  of  ren- 
derine  them  incombustible.  In  fact,  by  the  evaporation  of  the  water  in  which 
it  is  dissolved,  a  layer  of  a  substance  capable  of  fusing  when  heated,  is  depo- 
sited on  these  bodies,  that  protects  them  from  the  contact  of  air  necessary  for 
their  combustion.  The  following  account  of  its  manufacture  and  uses  is 
derived  from  a  translation  by  Irofessor  Renwick,  of  the  TraUS  de  Chhme 
appUqui  aux  Arts,  par  M,  Dumas. 

-  i'reporoffM.— Soluble  glass  may  be  obtained  by  dissolving  pure  silica,  obtained 
by  precipitation,  in  a  boilme  solution  of  caustic  potassa ;  but  this  process,  being 
botii  inconvenient  and  cos^,  cannot  be  practised  upon  a  large  scale.  MThen 
sand  and  carbonate  of  potassa  are  heatea  together,  the  carbonic  acid  is  never 
wholly  driven  ofl^  except  when  the  sand  is  in  excess ;  but  the  whole  of  the  car- 
faonic  acid  may  be  expelled  by  adding  powdered  charcoal  to  the  mixture,  in 
such  proportion  that  tne  carbonic  acid  of  that  part  of  the  carbonate  which  is 
not  decomposed  may  meet  with  a  sufficient  quantity  of  carbon  to  convert  it 
Into  carbonic  oxide.  In  this  way  the  silica  first  forms  a  silicate  in  the  pr^Kir- 
tions  contained  in  common  glass,  and  drives  off  the  appropriate  equivalent  of 
carbonic  acid ;  then,  at  a  meh  heat,  the  rest  of  the  carbonate  of  potassa  is 
decomposed  by  the  carbon,  the  carbonic  oxide  escapes,  and  the  potassa  thus 
f^ed,  either  sublimes,  or  combines  with  the  glass  already  formed. 

-  The  sand  (freed  from  lime  and  alumina)  and  carbonate  of  potassa  (pearl  ash) 
are  Uken  in  the  proportion  of  2  of  the  latter  to  3  of  the  former,  and  to  10 
parts  of  pearlash  and  15  of  sand,  4  parts  of  charcoal  are  added.  A  less 
portion  of  charcoal  must  not  be  taken;  on  the  contrary,  if  the  form  of 
potash  employed  be  not  sufficiently  pure,  a  larger  proportion  of  charcoal 
may  be  advantaffeously  employed.  This  substance  accelerates  the  fusion 
of  the  glass,  and  separates  from  it  all  the  carbonic  acid,  of  which  there 
would  otherwise  remain  a  small  quantity  that  would  have  an  injurious 
effect.  In  other  respects,  the  same  precautions  that  are  employed  in  the 
manufacture  of  common  ^lass  are  to  be  observed.  The  materials  must 
be  first  well  mixed,  then  fritted,  and  finally  melted  in  a  glass  pot,  until  the 
mass  becomes  liquid  and  homogeneous.  The  melted  matter  is  ti^en  out  o£ 
the  pot  with  an  iron  ladle,  and  the  pot  is  then  filled  with  fresh  frit.  Thirty 
pounds  of  pearlash,  45  of  sand,  and  121bs.  of  powdered  charcoal  may  hs 
tiJ^en  for  a  charge ;  with  this  quantity  the  heat  must  be  continued  for  five 
or  six  hours.  The  crude  glass  thus  obtained,  is  usually  full  of  air  bubbles ; 
it  is  as  hard  as  common  glass,  of  a  blackish  pay  colour,  and  transparent  at  the 
edges ;  sometimes  it  has  a  colour  approachmg  to  whiteness,  and  at  others  is 
yeUowi^  or  reddish ;  these  are  indications  that  the  quantity  of  charcoal  haa 


940  GLASS,  SOLUBLE. 

not  been  suffieient.  If  it  be  expoeed  for  some  weeke  to  the  air,  it  undergoes 
•light  changes,  which  rather  tend  to  improve  than  injure  its  qualities.  It 
attracts  a  little  moisture  from  the  air,  which  slowly  penetrates  its  maas^  widnvut 
changing  its  aggregation  or  its  appearance;  it  merely  cracks;  and  a  slight 
efflorescence  appears  at  its  surface.  If  it  be  exposed  to  heat,  after  it  have 
undergone  this  change,  it  swells  up,  owing  to  the  escape  of  the  aqueous  matter 
it  has  absorbed.  In  order  to  prepare  it  for  solution  m  boiling  water,  it  must 
be  reduced  to  powder  by  stampers ;  if  this  were  not  dcme^  it  would  disM^ve  too 
slowly.  One  part  of  elass  requires  from  4  to  5  of  water  for  its  solution. 
The  water  is  first  heated  to  ebullition  in  an  open  boiler,  the  powdered  glass  is 
then  added  by  degrees,  and  must  be  continually  stirred,  to  prevent  it  from 
Adhering  to  the  bottom.  The  ebullition  must  be  continued  three  or  four  hoiin, 
until  no  more  glass  is  dissolved :  the  liquor  will  then  have  acquired  the  proper 
degree  of  concentration.  If  the  ebullition  be  checked  before  this  state  is 
attained,  carbonic  acid  will  be  absorbed  by  the  potassa  from  the  air,  which  will 
produce  an  injurious  effect ;  for  the  same  reason,  too  great  a  quantity  of  water 
must  not  be  employed,  for  during  the  long  evaporation  which  will  then  become 
necessary,  the  carbonic  acid  of  the  water  will  readily  combine  with  the  potaasa, 
and  cause  a  precipitation  of  the  silica.  When  the  liquor  becomes  too  thick» 
before  the  whole  of  the  fflass  is  dissolved,  boiling  water  must  be  added.  When 
the  solution  has  acquired  the  consistence  of  syrup,  and  a  density  of  1.24  to 
1.25,  it  is  sufficiently  concentrated,  and  fit  for  use.  It  is  then  permitted  to  rest^ 
in  order  that  the  insoluble  parts  may  be  deposited ;  while  it  is  cooling,  a  pellicle 
forms  upon  the  surface,  which  after  a  time  disappears  of  itself,  or  may  be  redis- 
solved  by  depressing  it  in  the  liquor.  This  jpelticle  b^ns  to  appear  during  the 
ebullition,  and  indicates  its  concentration.  When  the  crude  glass  is  of  a  pn^per 
composition  it  contains  but  a  few  saline  impurities,  and  no  sulphuret  of  potas- 
sium, it  may  be  treated  in  the  way  we  have  described ;  but  if  it  contain  any 
notable  proportion  of  these  substances,  they  must  be  separated  before  it  is  dis- 
solved ;  this  separation  may  be  effected  in  the  following  manner  :-*  The  pow- 
dered glass  is  exposed  to  the  action  of  the  air  for  three  or  four  weeks,  during 
which  time  it  must  be  frequently  stirred ;  and  if  it  run  into  lumps,  which  wiU 
happen  in  moist  weather,  they  must  be  broken  up.  The  glass,  as  we  have 
stated,  attracts  moisture  from  the  air,  and  the  foreini  substances  either  separate 
or  effloresce.  It  then  becomes  easy  to  remove  tnem  from  the  glass.  It  b 
sprinkled  with  water,  and  frequently  stined*  At  the  end  of  three  hmurs  the 
liquor  is  removed,  it  will  then  contain  a  part  of  all  the  saline  impurities,  and  a 
little  of  the  silicate  of  potassa ;  the  powder  is  again  to  be  wasned  with  freah 
water.  Soluble  glass  thus  treated  readily  dissolves  in  boiling  water,  and  the 
solution  leaves  nothing  to  be  desired.  To  preserve  it  in  the  liquid  form  no 
particular  care  is  necessary,  as  even  after  a  long  space  of  time  it  undergoes  no 
perceptible  change,  if  the  solution  have  been  properly  prepared.  The  only  pre- 
caution is  not  to  allow  air  too  free  an  access  to  it  A  similar  product  may  be 
obtained  by  using  a  carbonate  of  soda  instead  of  one  of  potassa.  In  this  case, 
two  parts  of  the  soda  of  the  shops  is  required  for  one  of  silica.  This  elass  baa 
the  same  properties  as  the  other,  but  is  more  valuable  in  its  uses.  The  solu- 
tions of  these  two  kinds  of  glass  may  be  mixed  in  any  proportion  whatever, 
and  this  mixture  is  more  serviceable  in  some  cases,  than  either  of  them 
separately. 

Prcpertie$, — Soluble  glass  forms  a  viscid  solution,  which  when  concentrated 
becomes  turpid  and  opalescent :  it  has  an  alkaline  taste  and  reaction.  The 
solution  mixes  in  all  proportions  with  water.  When  the  density  of  the  solo* 
tion  is  1.25,  it  contains  nearlv  28  per  cent  of  glass ;  if  the  concentiatioo  be 
carried  beyond  this  noint,  it  becomes  so  viscid  Uiat  it  may  be  drawn  out  in 
threads  like  molten  glass.  Finallv,  the  liquor  passes  to  the  state  of  a  vitreona 
mass,  whose  fracture  is  conchoidal ;  it  then  resembles  common  glass,  except  in 
hardness.  When  the  solution  is  applied  to  other  bodies,  it  dries  rapi^y  at 
eopfimon  temperatures,  and  forms  a  coat  like  a  varnish.  Soluble  glass  when 
dried  does  not  undergo  any  perceptible  change  when  exposed  to  t£e  sir,  nor 
does  it  attract  from  it  either  moisture  or  carbonic  acid ;  neither  has  the  carbonic 
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acid  of  the  atmosphere  anv  well  marked  action  on  the  concentrated  solution ; 
but  when  a  current  of  carbonic  acid  is  passed  through  the  solution,  the  glass  is 
decomposed,  and  hydrate  of  silica  deposited.  But  a  weak  solution  becomes 
turbid  on  exposure  to  the  air,  and  is  after  a  time  decomposed  wholly.  When 
the  glass  is  impure,  an  efflorescence  is  formed  after  a  while,  which  may  be  pro- 
duced either  by  the  carbonate  and  hyposulphate  of  potassa,  or  by  chloride  of 
potassium.  Soluble  glass  dissolves  gradually  without  residuum  in  boiling  water; 
but  in  cold  water  the  solution  is  so  slow  as  to  have  led  to  a  belief  that  it  does 
not  dissolve  at  alL  It  however  never  becomes  entirely  insoluble,  except  when  it 
contains  a  much  larger  proportion  of  silica,  or  when  it  is  mixed  with  other  bodies, 
such  as  the  earths,  metallic  oxides,  &c.,  with  which  double  or  triple  salts  are 
formed,  as  is  the  case  in  the  common  glasses.  Soluble  glass  which  has  been 
exposed  to  the  air,  and  is  afterwards  submitted  to  the  action  of  heat,  swelb  and 
cracks  at  first,  and  melts  with  difficulty ;  it  then  loses  about  12  per  cent,  of 
its  weight.  It  therefore  contains,  even  when  solid,  a  considerable  quantity  of 
water,  which  it  does  not  lose  when  simply  dried  by  e3q}osure  to  the  air.  Alcohol 
precipitates  it  unaltered  from  its  solution  in  water.  When  the  solution  is  con- 
centrated, but  little  alcohol  is  required  for  precipitation,  and  it  need  not  be 
highly  rectified.  Pure  soluble  glass  may  therefore  be  easily  obtained  from  an 
impure  solution  by  the  use  of  alcohol.  The  alcohol  being  added,  the  gelatinous 
precipitate  is  permitted  to  settle  ,*  the  supernatant  liquor  is  decanted,  the 
precipitate  collected,  rapidly  stirred  after  the  addition  of  a  little  cold  water, 
and  subjected  to  pressure.  In  truth,  however,  this  process  is  attended  with 
some  loss,  for  even  cold  water  will  rapidly  dissolve  the  precipatated  glass  in 
consequence  of  its  minute  division.  The  acids  decompose  the  solution  of 
glass.  They  also  act  upon  it  when  solid,  separating  the  silica  iu  the  form  of 
powder. 

Uses.'— The  properties  of  soluble  glass  fit  it  for  numerous  and  varied  applica- 
tions. It  has  been  used  in  the  theatre  of  Munich  as  a  means  of  safety  from 
fire.  AH  sorts  of  vegetable  matter,  wood,  cotton,  hemp,  linen,  paper,  &c.  are^ 
•s  is  well  known,  combustible ;  but  in  order  that  ^ey  snail  bum,  two  conditions 
are  requisite,  an  elevated  temperature,  anil  free  contact  of  air,  to  furnish  the 
oxygen  necessary  for  their  transformation  into  water  and  carbonic  add.  When 
once  set  on  fire,  their  own  combustion  develops  the  heat  necessary  to  keep  up 
the  chemical  action,  provided  they  be  in  contact  with  air.  If  deprived  of  such 
contact,  and  made  red  hot,  they  will,  it  is  true,  yield  inflammable  volatile  pro- 
ducts, but  the  carbon  which  is  left  will  not  bum,  as  it  is  deprived  of  air,  and 
thus  the  combustion  will  stop  of  itself.  Such  is  the  part  which  all  the  fixed 
fusible  salts  are  capable  of  performing,  if  they  be,  in  addition,  composed  of 
substances  incapable  of  yielding  their  oxygen  at  a  low  red  heat,  to  either  carbon 
or  hydrogen.  These  salts  melt  as  the  vegetable  matter  becomes  heated ;  they 
form  upon  it  a  coat  impenetrable  to  the  air,  and  either  prevent  altogether,  or 
limit  its  combustion.  The  phosphate  and  borate  of  ammonia  have  such  a  cha- 
racter, but  they  are  so  readily  soluble  in  cold  water,  as  to  be  liable  to  objections 
which  cannot  be  urged  against  soluble  glass.  Although  soluble  glass  is  of  itself 
a  good  preservative  from  fire,  it  fulfils  the  object  better  when  it  is  mixed  with 
another  incombustible  body  in  powder.  In  this  case  the  solution  of  glass  acts 
in  the  same  manner  as  the  oil  of  painters.  The  several  coats  have  more  body, 
become  more  solid,  and  more  durable ;  and  if  the  substance  which  is  added  M 
of  proper  quality,  cot^ulate  by  the  action  of  fire  into  a  stronelv  adhesive  crust. 
Clay,  whiting,  calcined  bones,  powdered  glass,  &c.  may  all  be  employed  for 
this  purpose ;  but  we  cannot  yet  say  with  certainty  which  of  them  is  to  be 
preferred.  A  mixture  of  clay  and  whiting  appears  to  be  better  than  either 
used  separately.  Calcined  bones  form  with  soluble  glass  a  very  solid  and 
adhesive  mass.  Litharge,  which,  with  the  glass,  makes  an  easily  fusible  mix- 
ture, does  not  give  a  product  fitted  for  coating  wood,  as  the  mixture  contracts 
m  drying;  it  therefore  cracks,  and  is  easily  separated.  Flint  glass  and  crade 
soluble  glass  are  excellent  additions.  The  latter  ought  to  be  exposed  to  the 
air  after  it  is  pulverized,  in  order  to  attract  moisture.  If  it  be  mixed  with  the 
solution,  and  be  then  tilled  to  any  body  whatever,  it  in  a  short  timeibrmB  a 
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coating  as  hard  as  ttone,  which,  if  the  glass  he  of  ^ood  quality,  is  nnahenUe 
hy  exposure,  and  resists  fire  admirahlv.    The  scorus  of  iron  and  lead,  felsfitr, 
fluor,  may  all  he  employed  with  soluble  fiflass ;  hut  experience  alone  can  decide 
which  of  these  substances  is  best,  ana  in  what  proportion  they  are  to  be 
employed     We  shotdd  advise  that  the  first  coat  should  always  oe  a  simple 
solution   of  the  glass;   and  that  a  similar  solution  be   appued  orer  coats 
composed  of  its  mixture  with   other  substances,  particularly  when  such  a 
coat  is  uneven  and  rough.     The  last  named  substances  form  a  solid  and 
durable  coating,  which  suffers  no  change  by  exposure  to  the  air,  does  not 
involve  any  great  expense,   and  is  readily  applied;   but,  in  order  that  it 
may  not  ful,  particular  care  is  to  be  taken  botn  in  preparing  and  employ- 
ing it     In  oraer  to  cover  wood  and  other  bodies  witn  it,  the  solution  must 
be  made  of  a  pure  glass,  for  otherwise  it  would  effloresce  and  finally  fall 
off.     However,  a  small  degree  of  impurity  is  not  injurious,  although  after 
a  few  days  a  slieht  efflorescence  will  appear;  this  may  oe  washed  off  bv  water, 
and  will  not  show  itself  a  second  time.    When  a  durable  covering  is  to  be 
applied  to  wood,  too  stron?  a  solution  must  not  be  employed  at  first ;  for  in 
una  case  it  will  not  be  aosorbed,  will  not  displace  the  air  from  the  pores, 
and  in  consequence  will  not  adhere  strongly.     It  is  a  good  plan  to  rub  the 
brush  several  times  over  the  same  place,  and  not  to  spread  the  coating  too 
lightly.     For  the  last  coats  a  more  concentrated  solution  may  be  employed ; 
still  it  must  not  be  too  thick,  and  must  be  spread  as  evenly  as'possible.   Each  coat 
must  be  thoroughly  dry  before  another  is  applied ;  and  thiB  will  take,  in  warm 
and  dry  weather,  at  least  twenty-four  hours.    After  two  hours  the  coat  appears 
to  be  dry,  but  is  still  in  a  state  to  be  softened  by  laying  on  another.    The  same 
inconvenience  will  then  arise,  which  occurs  when  a  thick  coat  of  a  concentrated 
solution  is  applied ;  the  coat  will  crack,  and  does  not  adhere.    This,  however, 
is  only  the  case  when  potassa  is  the  base  of  the  glass,  for  that  formed  from 
soda  does  not  appear  to  crack.     In  applying  soluble  glass  to  the  woodwork  of 
the  theatre  at  Munich^  10  per  cent  of  yellow  day  {oehref)  was  added.     After 
six  months,  the  coat  had  suffered  but  little  change ;  it  was  damaged  only  in  a 
few  places  where  it  had  need  of  some  repair.   This  arose  firom  a  short  time  onl^ 
having  been  allowed  for  the  preparation  and  application  of  the  glass,  and  they 
were  therefore  done  without  proper  attention.     When  this  mode  is  employed 
for  preserving  a  theatre  from  nre,  it  is  not  enough  to  cover  the  woodwork,  it  is 
also  necessary  to  preserve  the  scenery,  which  is  still  more  exposed  to  danger* 
None  of  the  methods  yet  proposed  for  this  purpose  appears  as  advantageous  as 
soluble  glass,  for  it  does  not  act  upon  vegetable  matter,  and  completely  fills  up 
the  spaces  between  the  thread ;  it  fixes  itself  in  the  web  in  such  a  way  that  it 
cannot  be  separated,  and  increases  the  durability  of  the  fabric    The  firmness 
which  it  gives  to  stufi  does  not  injure  them  for  use  as  curtains,  because  it 
does  not  prevent  them  from  being  easily  rolled.    So  far  as  the  painting  of 
scenes  is  concerned,  the  glass  forms  a  good  ground  for  the  colours.    To  pre- 
vent the  changes  which  some  colours,  Prussian  blue  and  lake  for  instance, 
might  undergo  from  the  alkaline  matter,  it  will  be  necessary,  before  paintings 
to  apply  a  coat  of  alum,  and  then  one  of  whiting.    There  is  no  great  difficulty 
in  applying  soluble  glass  to  doths ;  still  this  operation  is  not  so  easy  as  might 
at  first  be  imagined.     It  is  not  sufficient  to  coat  or  dip  them  in  the  solution ; 
they  still  require  after  this  operation  to  be  subjected  to  pressure.    This  object 
might  perhaps  be  best  attained  by  passing  them  between  rollers  plunged  in  the 
solution.  When  a  cloth  is  only  coated  with  soluble  glass,  and  put  mto  the  fire,  it 
will  remain  incandescent  after  it  is  taken  out    This  is  not  the  case  when  it  has 
been  properly  impregnated  with  this  solution.   A  still  better  purpose  is  answered 
in   this  case,  when  litharge  has  been  added  to  the  solution.    The  stuff  in 
drying  yields  to  the  shrinkmg  of  the  mixture,  and  becomes  inseparable  from  it| 
which  is  the  reverse  of  what  happens  when  it  is  applied  to  wood.    A  single 

gart  of  litharge  in  fine  powder  is  sufficient  for  fourteen  parts  of  concentrated 
quor.  Soluble  glass  is  capable  of  many  other  applications,  and  particuluiy  aa 
a  cement;  for  this  use  it  is  superior  to  all  those  which  have  hitherto  been 
employed  for  uniting  broken  glass,  porcelain,  &c    It  may  be  used  in  place  of 
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glue  or  iamglasfl  in  gpjilyinff  odIouxb,  although  when  employed  by  itftelf  it  does 
not  make  a  varnish  which  will  preserve  its  transparency  when  in  contact 
with  air. 

GLAUBER  SALT.    The  sulphate  of  soda. 

GLAZING,  as  it  is  now  practised,  embraces  the  cutting  of  all  the  varieties  of 

glass  manufactured  for  windows,  together  with  fijdng  it  in  sashes  by  means  of 
rads  and  a  stopping  of  putty ;  also  tiie  forming  of  casements,  and  securing  the 
glass  by  bands  of  lead  fastened  to  outside  frames  of  iron.  The  most  ancient 
species  of  glazing  was  in  head-work,  as  our  numerous  cathedrals  and  religious 
houses  still  extant  demonstrate ;  and  fixing  glass  in  leaden  frames  is  stiU  con- 
tinued for  the  same  description  of  biuldrngs.  The  business  of  a  glazier,  if 
considered  in  its  most  simple  operations,  consists  in  fitting  all  the  various  kinds 
of  glass  manufactured  and  sold  into  sashes  previously  prepared  to  receive 
them.  The  sashes,  as  they  are  now  made,  have  a  groove  or  rebate  formed  on 
the  back  of  their  cross,  and  vertical  bars  adapted  to  receive  the  glass ;  into 
these  rebates  the  glazier  exactly  fits  the  squares,  which  he  beds  in  a  compo- 
sition called  putty.  The  putty  consists  of  pounded  whiting  beaten  up  with 
linseed  oil,  and  so  kneaded  and  worked  togetner  as  to  make  a  tough  ana  tena- 
cious cement,  and  is  of  great  durability ;  this  the  glazier  colours  to  suit  the 
sashes  he  mav  have  in  hand ;  if  they  are  common  deal  sashcM,  the  putty  is  left 
and  used  as  first  manufactured ;  but  if  they  are  mahogany,  it  is  coloured  with 
ochre  till  it  approaches  more  nearlv  that  of  the  sashes.  In  glazing  windows  the 
colour  of  the  glass  is  that  on  which  the  greatest  beautv  is  given  to  the  work ; 
and  to  efiect  this  successfully,  many  different  manuractories  have  been  esta- 
bliflhed.  The  most  usual  kind  of  window  glass  now  employed  by^  the  elaziers  is 
called  crown  glass ;  it  is  picked  and  divided  at  the  manufactory  into  Ihe  several 
different  kind^  which  are  known  as  first,  seconds,  and  thirds,  and  which  par- 
ticularly denote  the  qualities  of  the  several  kinds  of  glass,  the  first  being  known 
as  best  crown,  the  next  in  quality  second  crown,  and  the  last,  thirds,  or  third 
crown,  the  price  of  each  varying  according  to  the  quality.  The  glass  is  in 
pieces  cidlea  titles,  of  about  three  feet  in  diameter  each,  and,  when  selected 
and  picked  as  above,  they  are  packed  in  crates,  twelve  of  such  tables  being  put 
in  each  crate  of  best  class,  fifteen  in  the  seconds,  and  eighteen  in  the  thirds. 
.  Green  glass  is  anotner  of  these  species,  and  which  is  greatly  in  demand  for 
an  the  purposes  in  which  colour  is  not  so  particularly  soueht  for.  This  sort  of 
slass  is  used  in  the  glazing  of  the  windows  of  cottages,  ako  for  green  and  hot- 
houses, to  which  it  b  found  to  answer  every  purpose :  it  is  not  more  than  one- 
half  the  cost  of  the  crown  glass.  The  green  glass^appears  to  have  been  the  most 
ancient  kind  made  use  of^  as  most  of  the  vestiges  remaining  in  the  old  win- 
dows approach  very  nearly  in  their  quality  to  what  is  now  sold  under  that 
designation.  The  glaziers  also  prepare  the  crown  glass  so  as  to  produce  an 
opaque  efiect,  to  prevent  the  inconvenience  of  being  overlooked ;  it  is  technically 
called  eround  glass,  which  is  not  improper,  inasmuch  as  it  is  rendered  opaque 
by  rubbing  away  the  polish  from  ofi^  its  surface,  to  do  which  the  glazier  takes 
care  to  have  the  sheets  or  panes  of  glass  brought  to  their  proper  size;  then  they 
are  laid  down  smoothly  as  well  as  firm,  either  on  sand  or  any^  other  substance 
which  is  adapted  to  admit  of  its  Iving  securely ;  he  then  rubs  it  with  sand  and 
water,  or  emery,  till  the  polish  be  completely  removed;  it  b  then  washed, 
dried,  and  stopped  into  the  window  for  which  it  was  prepared.  There  was  a 
necies  of  glass  made  at  Venice  ori^ally,  which  was  manufactured  wholly  for 
tnis  purpose,  and  is  now  to  be  seen  m  many  counting-houses  and  old  buildings; 
its  general  appearance  presented  an  uneven  surface,  appearing  as  though  indented 
fljl  over  with  wires,  leaving  the  intervening  shapes  in  the  form  of  lozenges.  This 
class  was  very  thick  and  strong,  and  u  of  the  aescription  known  as  plate  glass ; 
It  is  now,  however,  generally  substituted  by  the  gpround  crown  glass.  A  very 
beautiful  plate  glass  is  manufactured  by  the  British  Plate-Glass  Company,  at 
Ravenscroft,  in  Lancashire,  and  at  their  dep6t  in  Albion-place,  London,  plates 
of  every  size,  up  to  those  of  very  great  dimensions,  may  be  obtained,  the 
thickness  varying  from  an  eighth  to  a  quarter  of  an  inch.  The  cheapest  kind 
of  glazing  is  the  old  fiishioned  mode,  in  small  squares  of  the  diamond  or 
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fiKmsliiis  thap^  tealmically  Mlled  ovflrrtif ,  irliieh  «•  flsfld  In  nliatod  kadeil 
Kan  in  imtbuJldiiigty  eotlagM  and  in  aome  kind  of  diureh  vindowa.  TTie 
lead  for  this  purpoie  is  cast  and  drawn  through  an  inttnunent  called  a  glaoei^ 
▼ice,  which  gives  it  the  exact  form  required,  and  perfects  the  grooves  for  the 
reception  of  the  ouanries.  These  leaos  hejnff  cut  to  the  proper  lengthi,  they 
are  sd^dered  togeuer  at  the  intersections.  This  metal,  which  is  used  instead  oif 
the  cross  bars  of  sashes,  is  so  soft  as  to  be  eaafly  bent  where  the  groove  is  left 
hi  it  for  the  glass,  and  to  be  bent  up  again  to  inclose  the  glass  iSter  it  is  in- 
serted. Window  lights  of  tbii  kind  axe  further  strengthened  bv  vertical  or 
horisontal  bars  of  iron  or  wood,  secured  to  them  by  bands  of  lead  twisted 
around  the  bar.  Glasiers  now  cut  all  their  glass  with  a  diamond ;  whereas, 
formerly,  an  instrument  was  made  use  of  for  the  purpose,  called  a  groiing'^nm. 
The  diamond  used  by  glasiers  is  left  in  its  natiual  state,  or  with  its  outward 
eoat ;  when  poliiAied,  it  is  said  to  lose  its  property,  making  a  perfect  fracture  of 
tiie  glass ;  it  is  fixed  in  lead,  and  secured  oy  a  fernde  in  a  handle  of  hard  wood, 
and  is  used  by  drawing  the  diamond  point  over  the  glaas,  straight  lines  being 
effected  by  the  assistance  of  a  straight  edge,  also  of  hard  womi.  The  other 
tools  used  by  the  glasier  chiefly  consist  in  "  stopping-knives,'*  for  mending 
Ae  putty  over  the  edges  of  the  glass  and  rebates  of  the  framea ;  in  **  hackings 
out  tools,"  which  are  stronf^backed  knives,  capable  of  bearing  the  blows  of  a 
hammer,  and  used  in  deanng  out  the  old  putty,  or  making  repairs ;  also  in  a 
pair  of  compasses,  a  three-foot  rule,  and  a  few  other  common  tools,  the  uses  of 
which  require  no  explanation.  New  sashes  shonld  always  be  inrimed,  that  is 
painted  once  over  before  they  are  glased,  as  the  putty  thereby  holds  much  noore 
firmly  to  the  work. 

GLOBE,  or  Sphere,  in  Geometry,  a  solid  figure  described  by  the  revolution 
of  a  semicircle  round  its  diameter,  which  remains  unmoved;  or  it  may  be 
defined  as  a  solid,  bounded  by  a  uniform  convex  surface,  which  is  in  every  part 
equally  distant  from  a  point  called  the  centre. 

GLOBE,  in  Practical  Mathematics,  an  artificial  sphere,  on  which  are  repre- 
sented the  countries  and  seas  of  our  earth,  or  the  face  of  the  heavens,  the  circles 
of  the  sphere,  &c.     That  with  the  parts  of  tiie  earth  delineated  upon  it  is 
called  the  "  Terrestrial  Globe,"  and  that  with  the  constellations  of  the  heavens, 
die  *'  Celestial  Globe."  These  globes  are  mounted  on  fiimies  with  other  i^ipur- 
tenances.    Their  principal  use,  besides  serving  as  mans  to  distinguish  the  ool- 
ward  parts  of  the  earth,  and  the  situation  of  the  fixed  stars,  is  to  illustrate  the 
various  nhenomena  arising  out  of  the  diurnal  motion  of  the  earth.    The  globes 
commonly  used  are  constructed  of  plaster  and  paper  in  the  following  manner : 
a  wooden  axis  is  provided  somewhat  less  than  the  intended  diameter  of  the 
globe,  and  into  the  extremities  iron  wires  are  driven  for  poles ;  on  this  axis  are 
applied  two  hemispherical  caps,  formed  on  a  spherical  wooden  mould  by  pasting 
several  sheets  of  paper  on  the  mould  one  over  the  other  to  about  the  thickness 
of  a  crown  piece,  and  cutting  them  through  the  middle  when  ibey  are  dried, 
and  slipping  them  off  the  mould.    Thev  are  now  applied  to  the  poles  of  the 
axis,  ana  the  two  edges  are  sewed  together  with  packthread.     The  rudiments 
of  the  globe  thus  laid,  they  proceed  to  strengthen  it  and  make  it  regular.    In 
order  to  do  this  the  two  poles  are  hasped  in  a  metallic  semicircle  of  Ae  size 
intended,  and  a  plaster  made  of  whiting,  water,  and  glue,  well  incorporated 
together,  is  daubed  all  over  the  surfiice ;  in  proportion  as  the  plaster  is  applied, 
the  ball  is  turned  round  in  the  semicircle,  the  edge  of  which  pares  off  whatever 
is  superfluous,  and  beyond  the  due  dimensions,  leaving  the  rest  adhering  in 
places  that  are  short  of  it ;  the  ball  is  then  set  to  dry,  after  which  it  is  again 
set  in  the  semicircle,  and  fresh  plaster  applied ;    and  thus  they  continue  to 
applv  fresh  composition,  and  to  dry  it,  till  the  ball  every  where  accurately 
touches  the  semicircle,  in  which  state  it  is  perfectly  smooth  and  regular.    The 
next  thing  is  to  paste  the  map  on  it :  in  order  to  this  the  map  is  projected  in 
several  chores  or  gussets,  all  of  which  join  accurately  on  the  sur&ce,  and  cover 
the  whole  ball.    To  direct  the  application  of  these  gores,  lines  are  drawn  by  a 
semicircle  on  the  surface  of  the  ball,  dividing  it  into  a  number  of  equal  parts, 
"tresponding  to  the  number  of  gores,  and  subdividing  thoee  again  answerably 
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to  thoae  of  the  eorei.  Tfae  paper  thui  patted  on,  there  remauiB  hotbing  but 
to  colour  and  illuminate  the  globe,  and  to  varnish  it,  the  better  to  leaiit  dirt 
and  moisture.  The  globe  itgelf  thus  finished,  ii  tuspended  in  a  brau  meridun 
with  an  hour  circle  and  a  quadrant  of  altitude,  and  then  fitted  into  a  wooden 
horizon,  which  is  supported  by  the  legs  of  the  frame. 

Major  Muller,  G.L.  has  contrived  a  new  arrangement  of  the  globes,  to  which 
he  has  given  the  name  of  the  cosmophere,  and  which  fbrms  the  subject  of  the 
anneied  eiigraving.     The  celestial  globe  consista  of  a  hollow  glass  sphere,  on 


which  are  depicted  the  itara  constituting  the  various  constellations.  This  sphere 
is  fbmished  with  bras* , circles,  representing  the  equinoctial,  the  ecliptic,  the 
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eolnMy  and  the  pokr  didM»  TheglMt  fphm  wfMatet  at  the  ttpanodSd  iBt» 
two  liemifphemi  for  the  pcnpoie  of  admittiii|^  withia  it  a  teirestrial  globe, 
which  is  mainifiMTtured  in  the  ueual  way:  thn  globe  ia  alao  fumishea  with 
brass  circles,  which  are  adjustable,  to  represent  at  pleasure  the  meridian  and 
the  horiaon  of  any  assigns  place.    The  axis  of  the  globe  passes  through  the 
sphere,  and  simports  both  in  a  ationg  brass  ring,  whicn  may  be  either  attached 
to  a  stand,  and  made  to  vest  upon  a  table,  or  suspended  rnxn  the  ceiling  of  a 
room,  with  %  counterpoise  10^  as  represented  in  the  engraving,  which  wiU  render 
the  construction  clear  when  compared  with  the  following  references*    ua 
represents  the  equinoctials,  where  the  two  hemispherical  glasses  ggwxt  nnited, 
and  from  which  the  declination  of  the  stars  is  to  be  measured ;  e  rcnresents  one 
of  the  colures,  and  /  one  of  the  terrestrial  meridians ;  h  one  of  the  polar  cir- 
cles, and  m  m  the  large  brass  dicle  or  general  meridian,  in  which  the  apparatus 
b  suspended  by  the  poles  N  and  S.  fiy  the  cosmosphere,  as  we  have  aescribed 
it,  the  position  of  the  earth,  with  respect  to  the  fixed  stan^  may  be  shown  al 
any  given  time ;  and  by  placing  on  the  celestial  sphere  patches  to  represent 
portions  of  the  sun,  moon,  and  planets,  the  position  of  the  earth  with  reject 
to  these  bodies  may  also  be  represented  with  &cility;  hence  many  of  the 
astronomical  phenomena  arisine  from  the  position  of  the  earth,  with  r^aid  to 
the  other  booies,  can  be  fammarly  illiutrated,  and  numerous  useful  problems 
readily  solved.    But  to  extend  its  usefiilneai,  the  patentee  has  made  arrange- 
ments for  removing  the  globe  from  the  interior  of  the  system,  and  placing  in  its 
stead  the  sun  and  planetaiy  system ;  and  by  this  means  the  relative  positions 
of  the  planetary  boaies  may  be  interestingly  represented.  He  has  likewise  pro- 
vided brass  graduated  circles,  by  which,  when  Uiev  are  attached  to  the  celestial 
sphere,  the  nature  of  the  various  astronomical  and  iiautioal  problems  depending 
upon  spherical  trigonometry  may  be  pleasingly  explained.     « 

GLU£.-  A  tenacious  viscid  substance,  usai  chiefly  for  binding  or  cementing 
pieces  of  wood  together :  it  is  usualhr  prepared  ftom  the  cuttinss  and  parings 
of  hides,  and  from  the  hoofs  and  horns  of  animals.  For  this  purpose  the 
materials  are  first  steeped  in  water  for  two  or  three  davs,  then  weU  wasned,  and 
afterwards  boiled  to  the  consistence  of  a  thidL  jelly,  which  is  passed,  while  hot, 
throiwh  ozier  baskets,  to  separate  the  grosser  partides  of  dirt,  oones,  &c.  frimi  i^ 
and  then  allowed  to  stand  some  time  to  puiify  it  farther ;  when  the  remaimns 
impurities  have  settled  at  the  bottom,  it  is  then  melted  and  boQed  a  second 
time.  It  is  next  poured  into  flat  firames  or  moulds,  firmn  which  it  is  taken  out 
pretty  hard  and  solid,  and  cut  into  square  pieces  «r  cakes,  and  afterwards  dried 
m  the  wind  in  a  coarse  kind  of  net  This  is  the  ordinary  method  of  preparing 
the  common  glue  for  carpenters'  work ;  but  some  few  years  back  Mr.  Yardley, 
of  Camberweil,  obtained  a  patent  for  manufacturing  clue  from  bones,  which, 
as  chemists  have  long  known,  contain  nearly  one-half  their  weight  of  solid 
gelatin,  besides  a  considerable  portion  of  fiiL  The  glue  Uius  o^tiuned  is  said 
to  be  of  very  superior  quality. 

In  the  ensraving  on  the  next  page  a  represents  a  section  of  the  principal  vessel 
of  Mr.  YarcQey's  apparatus,  which  is  in  the  shape  of  a  sphere  or  hollow  globe  of 
great  magnitude,  and  made  of  cast  or  wrought  irou ;  copper  shculd  not  be 
used,  as  gelatin  hais  a  powerful  action  upon  that  metal.  The  first  part  of  the 
process  is  to  cleanse  the  bones  by  immersing  them  in  a  pit  or  cistern  of  water, 
where  they  are  to  remain  about  twelve  hours ;  the  water  is  then  to  be  dbiwn 
ol^  and  fresh  water  added  to  them ;  this  operation  may  be  repeated  sevml 
times,  to  get  rid  of  the  adhering  dirt.  The  water  being  withdrawn  firom  the 
bones,  a  solution  of  lime,  in  the  proportion  of  one  bushel  of  the  earth  to  five 
hundred  gallons  of  water,  is  to  be  poured  into  the  cistern  for  the  more  perfifict 
cleansing  of  the  bones,  and  the  removal  of  superfluous  matters.  After  three  or 
four  days'  saturation  the  limy  solution  should  be  drawn  <^  and  fresh  water 
added,  to  get  rid  of  the  lime.  Thus  prepared,  the  bones  ate  brought  to  the 
globuhur  vessel  a  called  the  extractor,  which  is  filled  with  them  by  removing 
the  interior  plate  which  covers  the  man-hole  h  ;  this  aperture  is  of  an  fltip**'^ 
form,  and  allows  the  pUte  ^which  is  of  a  rimilar  figure)  to  be  slipped  rouna  and 
refixed  in  its  place  by  turning  the  nut  c,  which  draws  it  up  tight  agamst  the 


iiiteHoriiirlkMtJtIieghbidaraxInctoT;  ind  Cbe  jimetiDM  «re  made  idMlght 
b;  luting.  Th«  cxlnetor  txatm  upon  a  boriMRta)  e^indric*!  dbtft  in  the  bnr- 
inn  ee;  one-half  of  tfaw  ihaft  ii  made  boUew,  or  cMuiiti  of  a  itnng  tube //, 
Thieh  tube  aba  proceed*  downwaida  ftom  the  oeBtM  af  Iha  rcMel,  to  eoncluct 
tha  iteam  beneath  the  gntingyji^oDwhidi  the  bonet  an  laid.  TheM 


about  IS  lb*,  piewura  to  the  inch,  ia  admitted  from  the  boiler  by  torning  the 
ooek  A,  Bod,  pawing  along  the  pipe  by  the  tttttj  valve  ■  and  the  stufSng  bos 
i,  it  enten  and  wocaed*  first  to  the  bottom  of  the  extractor,  then  risei  up 
through  the  granng,  and  amongit  the  bouei,  until  the  vessel  is  completely 
chatged;  pievioiw  to  thu,  however,  the  air  contained  in  the  vewel  is  got  rid  of 
^  openmg  the  oock  /  for  the  steam  to  blow  through,  aud  afterwards  doting  it. 
Whilit  the  steam  is  acting  upon  the  bonos  the  extractor  is  occasionally  turned  genlljr 
round  bjr  hand  at  the  wincb  m,  tite  shaft  of  which  carries  a  small  pinion  that  takaa 
into  (be  teeth  of  the  wheel  a,  and  the  latter  being  on  the  same  shaft  as  the 
eitnctor,  consequently  give*  it  a  rotatory  motion.  When  at  real,  as  showp,  a 
qnaoti^  of  fiuid  gelatin  is  colleclcd  iu  the  bottom  of  the  extractor  at  o,  ttom 
whence  it  is  diaebarged  hy  the  eoekp  into  a  tub  beneath,  after  opening  the  wr- 
cock  I  to  allow  it  to  mo  o£  This  done,  steam  is  again  admitted  from  the 
boiler  into  the  extractor  to  act  upon  the  bone*  for  another  hour,  when  the 
aecoad  portion  of  oondensed  liquor  is  to  be  drawn  oS.  When  the  products  thua 
obtained  have  become  cold,  the  fat  which  has  formed  upon  the  surface  u  to  be 
eareAiUy  muoved  by  skimming,  and  the  eelatinous  portion  only  is  to  be  retunied 
into  the  extractor,  by  meana  of  a  funnel  at  the  cock  L  The  steam  is  than  ro- 
admitted  to  the  extractor  fwanotbar  hour,  after  which  it  is  finally  dravni  i^  into 
another  veasd  to  uodeivo  a  nm^  ev^cniting  process,  until  it  arrive*  at  a 
proper  connstency  to  eoUdif*  when  edd,  previous  to  which  some  alum  is  added 
to  darify  it.  When  the  gelatin  has  became  cold  and  solid,  it  ia  cut  out  into 
aquare  eake^  and  dried  aa  umal  in  the  open  au-. 

Mr.  Bevan  bund  that  whan  two  cylindm  of  dry  ash,  liinch  in  diameter,  were 
glued  togatber,  and,  after  twai^Gjiii  hours,  torn  asunder,  it  required  a  forte  of 
1260Uw.  fbt  diat  purpow,  and  cwaagmBtly  that  ,lba  force  in  adhcfiDn  wai 
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equal  to  715  per  square  inch  of  surface.  From  a  subsequent  experiment  on 
Boiid  glue,  he  found  that  the  cohesion  is  equal  to  4000lbs.  on  the  square  inchi 
and  hence  infers,  that  the  application  of  this  substance  as  a  cement  is  suscep- 
tible of  improvement.  Glue  is  frequently  prepared  for  more  delicate  purposes 
in  the  arts  from  parchment  or  vellum  cuttings,  or  from  isinglass.  Parchment 
glue  is  made  by  boiling  gently  shreds  of  parchment  in  water,  in  tlie  proportion 
of  one  pound  of  the  former  to  six  quarts  of  the  latter,  till  it  be  reduced  to  one 
quart.  The  fluid  is  then  strained  from  the  dregs,  and  afterwards  boiled  to  the 
consistence  of  glue.  Isinglass  glue  is  made  in  the  same  way ;  but  this  is  im* 
proved  by  dissolving  the  isinglass  iu  common  spirit  by  a  gentle  heat :  thus 
prepared,  it  forms  a  cement  much  superior  to  paste  for  joining  paper,  or  for 
stretching  it  on  wood. 

GLUTEN.  A  substance  found  combined  with  the  feailent  and  saccharine 
matter,  which  constitute  the  principal  part  of  nutritive  grain.  It  is  obtained  in 
ihe  larfi^est  quantity  from  wheat  (amounting  to  the  twelfth  part  of  the  whole 
grain)  by  kneading  the  flour  into  paste,  which  is  to  be  washed  very  cautiously 
by  kneading  it  under  a  jet  of  cold  water  till  the  water  carries  off  nothing  more, 
but  remains  colourless ;  what  remains  is  gluten :  it  is  ductile  and  elastic,  and 
has  some  resemblance  to  animal  tendon. 

GOLD.  A  yellow  metal  of  specific  gravity  19.3,  which  is  greater  than  any 
other  body  in  nature,  except  platina.  It  is  soft,  very  tough,  ductile,  and 
malleable^  unalterable  and  fixed,  whether  in  the  atmosphere  or  in  the  heat  of 
the  hottest  Airnaces ;  but  it  has  been  volatilized  by  powerful  burning  nurrors, 
as  also  by  the  oxy-hydrogen  blow  pipe.  No  acid  acts  readily  upon  gold,  except 
the  nitro-muriatic  acid,  called  aqua  regia,  in  which  it  may  be  dissolved,  occa- 
sioning at  the  same  time  an  effervescence ;  but  from  the  slight  affinity  of  gold 
for  oxygen,  it  is  precipitated  from  its  solvent  by  the  alkalies,  earths,  and  most 
of  the  other  metals.  Its  precipitate  with  ammonia  forms  a  compound,  which 
detonates  with  great  violence,  as  has  been  already  mentioned  unaer  the  article 
Fulminating  Powders.  Most  metals  combine  with  gold,  increasing  its  hard- 
ness, but  considerably  impairing  its  ductility.  For  the  purposes  of  coin, 
Mr.  Hatchett  considers  an  alloy  of  silver  and  copper  in  equal  parts  to  be 
preferred,  and  copper  alone  as  preferable  to  silver  only :  but  the  gold  coins  of 
Great  Britain  are  composed  of  eleven  parts  of  gold,  and  one  of  copper.  Gold 
is  mostly  found  in  the  metallic  state,  although  generally  combined  with  silver, 
copper,  or  iron,  or  all  three.     It  is  found  either  in  separate  lumps  or  visible 

f  rains  amongst  the  sands  of  rivers,  in  many  parts  of  Europe,  and  elsewhere, 
he  quantity  is  for  the  most  part  insufficient  to  pay  the  expense  of  separating 
it;  but  it  is  thought  to  be  more  universally  diffused  in  sands  and  earth  than 
any  other  metal,  except  iron.  Some  sands  afford  gold  by  simple  washing,  the 
heavy  metallic  particles  subsiding  first ;  but  when  it  is  imbedded  in  earths  and 
stones,  these  substances  are  first  pounded,  and  then  boiled  with  one  tenth  of 
their  weight  of  mercuiy,  together  with  water.  The  mercury  after  a  certain 
time  forms  an  amalgam  with  the  gold,  from  which  it  is  separated  by  pressure 
through  leather  bags,  and  subsequent  distillation.  Gold  is  seldom  used  for 
any  purpose  in  a  state  of  perfect  purity.  In  estimating  its  fineness,  the  whole 
mass  spoken  of  is  supposed  to  weigh  24  carats,  of  12  grains  each,  and  the  pure 

gold  is  called  fine:  Tnus,  if  gold  is  said  to  be  23  carats  fine,  it  is  understood 
lat  the  mass  consists  of  23  parts  of  fine  gold,  and  one  part  of  alloy.  The 
principal  use  of  gold  is  to  make  coin,  trinkets,  gold  leaf  for  gilding,  and  gold 
wire  and  thread. 

GOLD-BEATERS*  SKIN.— The  gold-beaters  use  three  kinds  of  membranes, 
▼iz.  for  the  outside  cover  common  parchment,  made  of  sheepskins,  is  used ;  for 
interlaying  with  the  gold,  first  the  smoothest  and  closest  vellum,  made  of  calves* 
skin ;  and  afterwards  the  much  finer  skins  of  ox-gut,  stript  off  from  the  large 
straight  gut  slit  open,  curiously  prepared  for  the  express  purpose,  and  hence 
called  gold-beaters*  skin.  According  to  Dr.  Lewis,  the  preparation  of  these 
last  is  a  distinct  business,  practised  only  by  two  or  three  persons  in  the  kingdom. 
The  general  nrocess  is  supposed  to  consist  in  applying  tnem  one  upon  another, 
by  the  smootn  sides,  in  a  moist  state,  in  which  they  readily  cohere  and  unite 
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inseparably,  stretching  them  very  carefully  on  a  frame,  scraping  off  the  fat  and 
TOUffh  matter,  so  as  to  leave  only  the  fine  exterior  membrane  of  the  intestine, 
at  the  same  time  beating  them  between  double  leaves  of  paper,  to  force  out 
what  grease  may  remain  in  them,  and  then  dr3ring  and  pressing  tliem.  Not- 
withstanding the  vast  extent  to  which  gold  b  beaten  between  these  skins,  and 
the  great  tenacity  of  the  skins  themselves,  they  yet  sustain  continual  repeti- 
tions of  the  process  for  several  months,  without  appearing  to  extend  or  grow 
thinner. 

GOLD-BEATING.  The  gold  is  prepared  for  leaves  by  melting  it  in  a 
blacklead  crucible,  with  some  borax,  in  a  wind  furnace ;  and  as  soon  as  it  is  in 
perfect  fusion,  it  is  poured  out  into  an  iron  ingot  mould,  then  forged  and 
passed  between  steel  rollers,  until  they  become  long  ribbons,  as  thin  as 
writing  paper :  each  of  these  ribbons  is  Uien  cut  into  150  pieces,  and  each  of 
these  pieces  is  next  forged  upon  an  anvil,  till  it  is  about  an  inch  square. 
These  squares,  which  weiffh  6j^  grains  each,  and  are  about  ^e  P^i^t  of  an  inch 
thick,  are  now  well  annealed,  preparatory  to  the  next  operation,  which  consists 
in  interlaying  the  plates  of  gold  alternately  with  pieces  of  very  fine  vellum, 
about  four  inches  square,  and  about  twenty  vellum  leaves  are  placed  on  Uie 
outsides ;  the  whole  is  then  put  into  a  case  of  parchment,  over  which  is  drawn 
another  similar  case,  so  that  the  packet  is  kept  tight  and  close  on  all  sides. 
It  is  now  laid  on  a  smooth  block  of  marble  or  metal,  of  great  weight,  and  the 
workman  begins  the  beating  with  a  roundfaced  hammer,  weighing  sixteen 
pounds;  the  packet  is  turned  occasionally  upside  down,  and  Maten  tUl  the 
gold  is  extended  nearly  to  an  equality  with  the  vellum  leaves.  The  packet  it 
then  taken  to  pieces,  and  each  leaf  of  gold  is  divided  into  four,  witn  a  steel 
knife,  having  a  smooth  but  not  very  acute  edge.  The  600  pieces  thus  produced 
mre  interlaid  with  pieces  of  animal  membrane,  (see  Goldbeaters'  Sxin,)  from 
the  intestines  of  the  ox,  of  the  same  dimensions  and  in  the  same  manner  as  the 
vellum.    The  beating  is  continued,  but  with  a  hammer  weighing  only  twelve 

Eounds,  till  the  gold  is  brought  to  the  same  dimensions  as  the  interposed  mem- 
rane.  It  is  now  again  divided  into  four,  by  means  of  a  piece  of  cane,  cut  to  an 
edge,  the  leaves  being  by  this  time  to  thin,  that  any  accidental  moisture  conden- 
sing on  an  iron  blade,  would  cause  them  to  adhere  to  it.  The  2400  leaves  hence 
resulting  are  parted  into  three  packets,  with  interposed  membrane  as  before,  and 
beaten  with  tne  finishing  hammer,  weighing  about  ten  pounds,  till  they  acquire 
an  extent  equal  to  the  former.  The  packets  are  now  taken  to  pieces,  and  the 
gold  leaves,  by  means  of  a  cane  instrument  and  tlie  breath,  are  laid  flat  on  a 
cushion  of  leather,  and  cut  one  by  one  to  an  even  square,  by  a  little  square 
frame,  made  of  cane ;  they  are  lastly  laid  in  books  of  twenty-nve  leaves  each, 
the  paper  of  which  is  previously  smoothed,  and  rubbed  with  red  bole,  to 
keep  the  gold  from  adnering.  By  the  weight  and  measure  of  the  best 
wrought  lefa-gold,  it  is  found  that  one  grain  u  made  to  cover  561  square  inches; 
and  from  the  specific  gravity  of  the  metal,  together  with  this  admeasurement, 
it  fbUows  that  the  leaf  itself  is  —^  part  of  an  inch  thick.  This,  however,  is 
not  the  limit  of  the  extensibility  of  the  metal ;  for  by  computing  the  surface 
covered  in  silver  gilt  wire,  and  the  quantity  of  gold  used,  it  is  found  to  be  only 
one-twelfth  that  of  the  gold  leaf,  or  i:^^  P^^  ^^  ^"^  ^^^  ^^^^  >  nevertheless 
it  is  so  perfect  as  to  exhibit  no  cracks  when  viewed  by  a  microscope. 

GOLD  THREAD,  as  it  is  called,  consisto  of  a  silk  thread  covered  with  eold 
wire.  It  is  formed  by  passing  gold  wire  between  two  rollers  of  nicely  nolished 
steel,  set  very  close  together,  by  which  means  it  is  rendered  quite  flat,  but 
without  losing  any  thing  of  its  polish  or  gilding,  and  becomes  so  exceedinglv 
thin  and  flexmle  that  it  is  easily  spun  upon  a  suk  thread,  by  means  of  a  hand- 
wheel,  and  so  wound  upon  a  fipooi  or  bobbin. 

GOLD  WIRE.  That  which  is  commonly  called  gold  wire  is  in  fact  merely 
silver  wire  gilt.  The  following  is  the  process  employed  for  this  purpose. 
First  an  ingot  of  silver  of  24  pounds  is  forged  into  a  cylinder  of  about  an  inch 
in  diameter,  which  is  reduced  by  passine  it  through  eight  or  ten  holes  of  a 
large  coarse  drawing  iron,  to  about  three  fourths  of  its  former  diameter.  It  is 
^en  filed  very  careniUy  all  over,  to  remove  any  dirt  from  the  foige,  and  after- 
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VMdsent  tbranghtlM  Middle  into  two  ingots  etdi  abonl  26  hetm  loQ^  vUdi 
•ra  djwvn  thnmfa  wviril  new  Um  to  reoMnre  any  ineqiialiliei  left  by  the  file, 
■ad  to  tender  lae  mrfiMe  at  mootli  and  cquaUe  at  ponible.  Hie  mgot  that 
far  fvepwedy  k  m  Iwaled  in  a  ebaiooel  fire :  tlien  taking  acme  gold  ksfci, 
each  aoeut  four  incbea  aquaie,  and  weighing  12  giaine  each,  Ibnr,  Ofh^ 
twelve*  or  nztecn  of  then  are  joined,  aa  the  wire  is  intended  to  be  mora  or  lea 
gib,  and  when  they  are  joined  ao  aa  to  form  a  ainij^  lea(  the  iqgota  are  mhbad 
reeking  hot  with  a  bumiaher,  and  the  leavea  mued  over  the  wnole  niiftee  of 
the  ii^ot  to  the  number  of  afac  over  eaeh  other,  well  bomiahed  or  nabbed 
down.  When  gilt,  the  ingota  are  egatn  laid  in  a  chareoal  fire,  and  raiaod  to 
a  certain  degree  of  heat^  when  they  are  gone  over  n  aeoond  time  with  the  bar- 
nkher,  both  to  oolder  the  ^old  more  pcmcdy,  and  to  finish  the  polishing.  The 
^lildaiig  finished,  the  ingot  is  pomed  throuch  twenty  holes  of  a  modermte  draw- 
ing iron,  by  which  it  is  reduced  to  the  thiclneas  of  the  tag  of  a  lace;  from  this 
tiBM  the  inj^  loses  ita  name^  and  commences  gold  wire.  Twenty  holes  mora 
of  a  lesier  iron  leaves  it  small  enouch  for  the  leMt  iron,  the  finest  holes  of  which 
last,  aearoeky  eiceeding  the  hair  of  the  head,  finish  the  work*  Each  time  that 
the  wire  is  drawn  thrwigh  a  fineah  hole  it  is  nibbed  afresh  with  new  waa^  both 
to  fedlitete  itopassage^  and  to  prevent  the  silver  lypearing  through  it 
f  €K)NIOM£T£R.  An  instrument  for  measuring  the  angles  formed  bv  two 
or  more  plane%  and  chiefly,  in  crystallography,  to  determine  the  angiea  of 
cryatalline  substances. 

GOUGE.  A  sort  of  round  hoUow  chisel,  far  cutting  holei^  channels^  groovesb 
kc  in  wood  or  stone. 

GRANARY.  A  storehouse  for  grain.  The  construction  of  this  cbHS  of 
buildings  has  not,  we  believe,  receivM  that  attention  firom  the  sdentifio  which 
die  importance  of  it  deserves.  The  best  which  we  have  met  with  in  print  coo* 
eists  or  a  plain  rectangular  building,  about  twice  the  height  of  the  distonffO 
between  the  oppoaite  walls,  that  is  20  foet  high  by  10  feet  in  width  on  eadi 
side^  and  provided  with  numerous  aii^holes,  declining  outwards,  to  prevent  the 
entrance  of  rain  or  snow;  fimn  each  air-hole  to  a  conesponding  one  on  the 
opposite  side  is  fixed  an  inverted  angular  spout  or  gutter,  which  permito  the 
nir  to  pam  through  unimpeded  bv  tM  com  lymg  above  it.  As  many  of  these 
flutters  are  fixed,  as  there  are  holes  to  receive  the  ends  after  crossing  the  build- 
ing; and  the  extremities  of  the  holes  are  covered  with  wire  gauxe,  to  defend 
4hem  firom  vermin.  The  first  fioor  of  the  granary  is  divided  into  a  series  of  hvp» 
{>er%  that  empty  themselves  into  one  laige  hopper  underneath,  provided  with  a 
eliding  door  to  regulate  the  passage  of  the  gram  into  a  sack  or  other  receptacle. 
At  the  top  of  the  building  is  a  loft,  to  which  the  com  is  first  hoisted  by  a  tackle 
«r  crane,  and  is  disohar]^  over  a  cross  bar  into  the  body  of  the  building,  which 
may  be  continued  until  it  is  filled  to  the  topi  Upon  drawing  off  any  com  at  the 
bottom,  the  whole  of  it  is  put  into  motion,  and  the  airing  of  everv  part  is  pro- 
moted ;  the  process  of  airing  is  however  continually  going  forward  tnrough  the 
numerous  passages  under  tlw  inverted  gutters,  the  angles  of  whidi,  it  is  said, 
-do  not  fill  up  by  the  lateral  pressure  of  the  grain. 

GRANULATION.  The  method  of  dividing:  metallic  substanoes  into  graina 
or  small  partidee  to  facilitate  their  combination  with  other  substances,  and 
aometimes  for  the  jnirpose  of  readily  subdividing  them  by  weight  This  is 
done  either  by  pounng  the  melted  metal  into  watery  or  by  agitating  it  in  a  box^ 
until  the  moment  of  congelation,  at  which  instant  it  becomes  converted  into  a 
powder.  Copper  is  granulated  for  making  bimss  by  ponring  it  thnnigb  a  per- 
forated ladle  mto  a  covered  veesel  of  water,  with  a  movable  fidse  bottom. 
The  small  shot  made  of  an  alloy  of  lead  with  arMnie  is  produced  in  Uke  manner, 
by  pouring  the  liouid  metal  through  a  perforated  colander,  and  allowing  it  to 
fiul  fifom  a  consiaeEahle  elevatbn  through  the  air,  which  causae  the  dn>pi  to 
assume  a  spherical  shape.    See  Shot,  Soldbb,  &c 

GRAyiTY,  in  Physics,  the  natural  tendencv  of  bodies  towards  n  centre. 
Terrestrial  or  particular  gravity  is  that  by  which  bodies  descend  or  tend  towards 
the  centre  of  the  earth;  the  phenomena  of  which  are  as  follows:—].  AH 
enwumtenestrial  bodies  tend  towards  a  point  which  iaeidier  accuntely  or  neariy 


ibe  centre  of  magnltadeoftlietanaqaeeu^abe.  S.  In  ^  pUeei  eqnidiitMit 
fiom  the  centre  irftbe  eulh  the  force  of  gmvtqr,ea*nvp«Hh<^  u  eqiuL  llie 
force  of  gnrity  it  not  equal  oa  all  parti  <€  theeartb'e  miftee  for  two  rMwnie; 
fint,  becauK,  ai  the  eartti  ii  not  a  iphere,  but  a  •Dberoid,  all  part*  t)t  it*  iiuftee 
are  not  equidlilant  flron  it*  centre ;  and  eecondljr,  the  nanhr  U  different  in 
diSerent  latitudei,  W  reaaon  of  Tatiatiou  in  the  centrifugal  force,  ooeaMtmed 
by  the  earth's  rotation,  the  increment  of  graTity  on  thii  accotint  beiiv  a*  the 
i^nare  of  the  cosine  of  the  latitude.  3.  Oravi^  aSbct*  eqnally  all  liadiB% 
without  regard  either  to  their  bulk,  figure,  or  matterj  n  thai  in  a  perfeetlj 
nnreeittiDg  medhnn,  the  raoat  eompact  and  the  looeet^  the  greateit'  and  the 
Mnalleat  bodiea  would  deacend  throi^  an  equal  tpace  in  the  laina  time.  The 
■pace  through  which  bodie*  do  actuaUr  M  in  vacuo  i*  19}  fMt  in  the  fint 
aeeond  of  time  in  the  latitude  of  London,  and  for  other  portion*  ot  tame  either 
greater  or  lea*  the  (paoee  area*  the  equan*  of  the  tiawB.  4.  Oravi^iagiaataat 
at  the  earth'*  mnftce,  fVom  whence  it  decreaie*  both  upward*  and  downward*, 
but  not  at  the  eame  ratio  in  each  direction ;  thediminntioncf  diefbraenpwaida 
beiuK  a*  the  ijinare  of  the  dirtanoa  from  the  earth'*  centre ;  whOat  downward^ 
the  neereaae  i*  in  the  direct  ratio  of  the  dictanoe  from  the  centM. 

Oentral,i>r  Umftnal  Gfrwailji,  i*  that  in  cotuequance  of  which  all  the  plaaeta 
tend  to  we  anoAw;  and  iudead  all  the  bodiea  and  particlea  ot  matter  in  the 
nnireiee  tend  to  me  another. 

OrmU^  tpe^/le,  ta  the  relative  gravitj  of  any  body  ot  aubatanca,  conndered 
rith  regmd  to  *ome  other  body  which  b  atnuned  a*  a  atandard  of  comparaMi, 
and  thit  itandard  by  umTenal  cMumt  and  practiee  ii  rain  water  at  diitilled  water. 


with  regmd  to  *ome  other  body  which  b  atnuned  a*  a  atandard  of « 

andthititandardbyuni'renBlcMunitandpnctieeiirainwataratdirti 

and  byaverylbrtnualecaineidcnae,  at  leaat  to  EngBah  philoao[Aer»i  it  h^tpena 

'^  '  I  cubic  foot  of  water  wogh*  lOOO  ounce*  aroirdi^cdae,  and  eonie '~ 

ling  thii  ai  the  Bpedfic  grari^  of  rain  water,  and  comparing  al 


will  at  the  tame  time  denote  the  weight  of  a  c^^  fbot  of  «  _   .  _ 

dupoi*e  ounce*.  From  the  preceding  definition  m^  be  drami  the  Ibllowii^ 
law*  of  the  ipeeifio  graTity  <a  bodie*.  1.  In  bodie*  of  emal  ma^tudee,  tiie 
apedfie  graritiea  are  directly  a*  the  dcniitiei^  or  a*  their  wel^d*.  3.  In  bodiea 
of  the  aame  *pedfic  gravitie*,  the  wdghl*  will  be  aa  the  magnitade&  3>  In 
boiUe*  tt  eqnid  wrigfal*,  the  apedfie  gravitie*  are  iwveiaely  aa  the  mHnitndea. 
4.  The  wmht*  of  dlSbrent  bodie*  are  to  each  oAer  in  a  compound  niio  df 
their  magnitude*  and  epeoifie  gravitiei.  0.  When  a  body  i*  *peeiScally  heavier 
than  a  fluid  it  loae*  a*  much  ot  its  weight  when  immeiaed  in  it  at  i*  equal  to 
the  weicht  of  a  quantitv  of  the  eame  fluid  of  equal  bulk.  6.  If  the  gravity 
ot  the  £iid  be  greater  tnan  that  of  the  body,  then  the  weight  of  the  qoanti^ 
of  fluid  diaplaced  by  the  pait  immerged,  i*  equal  to  the  weight  of  the  whok 
body.    The  epedfic  gravity  of  eolid  bodie*  i*u*ual1ydatenniued  experimentally 

by  meansof  Uie  "thdroetatio  Balutce,"  (See  Balahcb  ;)  butfbr     , ^ 

aeoertainingtlie  (pecific  gravis  of  Uquida,  an  initrument  termed 
a  "  Hydrometer    i*  naufuly  employed.  A  description  of  a  varied 
t{  thcae  instrument*  will  lie  fbiHtd  under  the  bead  HraaoiiavaH. 
The  late  ProfMior  Ledie  invented  B  new  and  lingularly  iimide 
and  ingenioui  mrthod  fbr  aaeertahiing  Hu  apeeue  gravis  <^ 
•olid*.    AH  aubilanee*  of  thi*  daa*  are  mme  or  lee*  porena;  and 
the  pOTM  being  filled  with  air  which  is  not  expelled  when  tbeanb- 
atanee  i*  inuneraed  in  water  eatuea  Ibdr  qM> 
tained  by  liie  hydroatralle  balance  to  qipe< 
In  Ur.  L**Ue'*  method  tlu*  *aaK)e  of  enw 
die  reenlt*  obtained  in  coneequenea  are  la 
butniment  employed  conriri*  of  a  glaaa  b 
long,  and  open  at  both  end* ;  die  wide  i 
tcMb*  of  an  inch  in  diameter ;   the  part  b  e  about  two-tendia. 


jBimtenelledwhen  i 

ir  qiedaogravl^  when  ai 

uipear  lew  than  it  n  " 


tained  by  die  hydroatralle  balance  to  qipear  lew  than  it  really  i*. 

InMr.L**Ue**inetboddu**omoeofr — ' =-"--■  ~' ' 

>e  reenlt*  obtained  in  coneequenea  i 
_  Ktrument  empl 
long,  and  open 

tenub*  of  an  int -. 

The  two  part*  conuMnieate  at  b  by  an  flxtnincly  fine  dil^  whidi 


t*  conuMnieate  at  b  by  an  flxtmncly  mu 

pao^  but  tetiinn  *and  or  powder.    Hie 

i*  ground  wnooth,  and  can  be  ihot  10  at  to  be  Bir>4igfat  I7  a  (onll 
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rednoed  to  powder,  which  it  then  pot  into  the  wide  part  of  the  tuibe  a  fr, 
may  either  be  filled  or  not.  The  tube  being  then  held  in  a  Tertical  pontioii 
baa  the  narrow  part  immened  in  mercury,  contained  in  an  open  venel  *, 
tiU  the  metal  rises  within  to  the  gorge  k  The  lid  is  then  fitted  on  aii^tigfat 
at  a.  In  this  state  it  ia  evident  there  is  no  air  in  the  tube,  except  that 
mixed  with  the  powder  in  the  cavity  a  b.  Suppoae  the  barometer  at  the 
time  to  stand  at  30  inches,  and  that  the  tube  is  lifted  perpendiculariy  npwaids, 
till  the  mercury  stands  in  the  inside  of  6  c,  at  a  point  e  15  mches,  (or  one  half  of 
80,)  above  its  surface,  in  the  open  vessel ;  it  is  evident,  then,  that  the  air  in 
the  inside  of  the  tube  is  subjected  to  a  pressure  of  exactl3r  half  an  atmoiphere: 
and  of  course  it  dilates  and  nils  precisely  twice  the  space  it  originally  occupied. 
It  follows,  too,  that  since  the  air  is  dilated  to  twice  its  bulk  the  cavity  a  b  contains 
just  half  what  it  did  at  first ;  and  the  cavitv  be  now  containing  the  other  half, 
the  quantity  of  air  in  each  of  these  parts  of  the  tube  is  equaL  In  other  words, 
the  quantity  of  air  in  6  «  is  exactly  equal  to  what  is  mixed  with  the  powder  in 
a  6,  and  occupies  precisely  the  same  space  which  the  wkoie  occupied  before  its 
dilatation.  Lotus  now  suppose  the  powder  to  be  taken  out,  and  tne  same  expe- 
riment repeated,  but  with  this  difllerence,  that  the  cavity  a  6  is  filled  with  air 
only.  It  is  obvious  that  the  quantity  being  mater  it  will,  when  dilated  to 
double  the  bulk  under  a  pressure  d  fifteen  inches,  occi^y  a  larger  space,  and 
the  mercury  will  rise,  let  us  suppose,  only  to  tL  But  the  attenuated  air  in  the 
narrow  tube  always  occupies  exactly  the  space  which  the  whole  occupied  at 
ordinary  atmospheric  pressure ;  and  this  space  is  therefore,  in  the  one  case,  the 
cavity  l  e,  and  m  the  other  b  tL  Hence  it  follows  that  the  cavity  e  d,  which  is 
the  dmerence  between  these,  is  equal  to  the  bulk  of  the  solid  matter  in  the 
■and.  Now  by  marking  the  number  of  pvins  of  water  held  by  the  narrow 
tube  be  on  A  graduated  scale  attached  to  it,  we  can  find  at  once  what  ia  the 
weight  of  a  quantity  of  water,  equal  in  bulk  to  the  aolid  matter  in  the  sand; 
and  by  comparing  this  with  the  weight  of  the  sand,  we  have  its  true  specific 
gravity.  Aware  Uiat  some  solid  bodies,  such  as  charcoal,  hold  much  conoensed 
air  in  their  pores,  and  that  probably  they  retain  part  of  this  even  when  reduced 
to  powder,  Professor  Leslie  obviates  ttie  chances  of  error  arising  fipom  this 
source  by  comparing  the  dilatation  which  takes  place  under  different  degrees 
of  pressure,  under  10  inches  and  20  for  instance,  or  7^  and  15.  Charcoal,  from 
its  porosity,  is  so  light  that  its  specific  gravity,  as  assigned  in  books,  is  generally 
unaer  0.5  less  thui  half  the  weight  of  water,  or  one  seventh  the  weight  of 
diamond ;  taken  in  powder  by  the  above  instrument  it  exceeds  that  of  diamond, 
is  one  half  greater  than  that  of  whinstone,  and  is,  of  course,  mare  than  seven 
timet  heavier  than  hoe  vtuaUy  been  enppoeed.  Mahogany  is  generally  estimated 
at  1.36 ;  but  mahogany  sawdust  proves  by  the  instrument  to  be  1.68;  wheat 
flour  is  1.46 ;  pounded  sugar  1.83 ;  and  common  salt  2.15 ;  the  last  agrees  veiy 
accurately  with  the  common  estimate.  Writing  paper  rolled  hard  by  the  hand 
had  a  specific  gravity  of  1.78,  the  solid  matter  present  being  less  than  one  third 
of  the  space  it  apparently  filled.  One  of  the  most  remarkable  results  was  with 
an  apparently  very  light  specimen  of  volcanic  ashes,  which  was  found  to  have 
a  specific  gravity  of  4.4.  These  results  are,  however,  given  as  approximations 
merely  bv  the  mrst  instrument  constructed. 

GRENADE.  A  kind  of  small  bomb  or  shell  filled  with  an  explosive  com- 
position, and  fired  by  a  fiisee  inserted  in  the  touch-hole.  Their  principal  use  is 
ra  a  close  assault,  when  they  are  thrown  by  hand  from  the  tops  of  ships  or 
ramparts  of  fortresses,  whence  they  are  frequently  styled  hand  grenades.  Thvj 
are  usually  about  three  inches  in  diameter,  and  weigh  about  three  pounds. 
Their  employment  in  war  is  not  so  general  as  formerly, 
owinf  partly  to  the  uncertain  action  of  Uie  fiisee,  which  ren- 
ders it  difficult  to  ensure  their  explosion  so  as  to  produce  the 
^atest  effect  To  obviate  this  defect,  grenades  have  been 
invented  which  are  fired  by  means  of  a  c^  containing  a 
priming  of  nercussion  powder  instead  of  a  lighted  ftisee. 
The  annexed  enmving  represents  a  section  of  a  grenade 
unnn  this  principle,    a  the  shell  of  cast-izon  supposed  to  be 
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ftled  wilh  Combustible  matter,  and  having  a  conical  hole  into  which  an  iron 
pin,  surrounded  by  a  piece  of  cork,  fits  easily ;  the  other  extremity  of  the  pin 
IS  formed  to  receive  a  percussion  cap,  in  which  is  put  a  small  quantity  of  per- 
cussion powder.  The  shell  being  thrown,  it  will  naturally  fall  on  the  heaa  of 
the  pin  projecting  on  the  outside ;  the  detonating  powder  is  kindled  by  the 
blow^  and  the  contents  of  the  shell,  as  well  as  the  shell  itself,  are  scattered  in 
•11  directions. 

The  annexed  engraving  represents  a  percussion 
hand  grenade,  invented  by  Capt.  Norton  of  the 
34th  Regiment  Its  construction  is  precisely  tlie 
same  as  that  of  the  foregoing  one,  but  tliere  is  in 
addition  a  sheet  of  brown  paper,  or  a  piece  of 
common  cloth  tied  to  a  button,  on  the  outside  of 
the  shell,  forming  a  handle  to  throw  it  by,  and 
guidinff  its  descent,  so  that  the  head  of  the  bolt 
will  infallibly  strike  the  ground,  and  thereby  insure 
the  explosion. 

GRINDING.  A  mechanical  process,  in  which 
certain  effects  are  produced  by  the  attrition  of  two 
surfaces.  The  process  of  grinding  is  of  extensive 
use  in  various  mechanical  arts ;  and  great  diffe- 
rences exist  in  the  mode  of  conducting  it  according 
to  the  purposes  for  which  it  is  employed,  which  are  very  varied ;  thus,  in  grinding 
corn,  the  object  is  to  reduce  the  grain  to  an  impalpable  powder ;  in  grinding 
lenses,  it  is  to  give  them  a  certain  figure  and  polish ;  cocks  and  valves  are 
ground  into  their  seats  to  promote  intimate  contact;  colours  are  ground  to 
promote  the  intimate  mixture  of  the  colouring  matter  with  the  oil ;  and  cutlery 
and  tools  are  ground,  to  impart  to  them  a  sharp  edge.  The  latter  operation, 
as  u  well  known,  is  performed  by  applying  the  articles  to  be  ground  to  the 
periphery  of  a  cylindrical  stone  of  a  rough,  gritty  texture,  revolving  with  great 
rapidity ;  and  to  reduce  as  much  -bb  possible  the  heat  caused  by  the  friction  of 
the  two  surfaces,  the  stone  is  mountea  over  a  trough  containing  water.  Some 
curious  experiments  are  detailed  in  Nicholson's  Journal  upon  this  point,  from 
which  it  appears  that  tallow  b  much  more  effective  than  water  in  keeping  the 
temperature  low ;  for  in  trying  to  grind  down  the  teeth  of  a  file  with  the  grind- 
stone immersed  in  water,  the  file  soon  became  too  hot  to  hold«  and  the  teeth 
were  scarcely  touched,  but  by  applying  a  tallow  candle  to  a  dry  grindstone  as 
it  revolved,  so  as  to  give  an  even  coating  of  tallow,  he  was  enaiiled  to  grind 
down  the  teeth  rapidly,  and  the  temperature  of  the  file  was  scarcely  raised  until 
the  tallow  became  melted.  This  effect  Mr.  Nicholson  attributes  to  the  heal 
absorbed  or  rendered  latent  in  bringing  a  solid  substance  into  a  fluid  State. 

GRINDSTONE.  A  flat  circidar  stone,  mounted  on  a  spindle,  and  turned 
by  a  winch  handle,  used  for  the  purpose  of  grinding  edge  tools.  In  districts 
where  cutlery  and  edge  tools  are  manufactured,  great  numbers  of  these  stones 
are  used  in  one  buildmg,  called  a  blade  mill  or  grind  mill.  The  stone  suited 
to  form  grindstones  is  composed  of  a  coarse  species  of  sandstone.  The  finer 
sorts  of  grindstones,  and  wnat  are  called  whitening  or  polishing  stones,  by  the 
Sheffield  cutlers,  are  firom  different  rocks  in  the  upper  part  of  the  great  Derby- 
shire Coal  Series ;  others  are  from  Staffordshire,  Warwickshire,  &c. 

GUITAR.  A  musical  instrument  with  five  double  rows  of  strings,  of  which 
those  that  are  bass  are  in  the  middle. 

GUM.  A  vegetable  iuice,  or  thick,  transparent,  tasteless  fluid,  which  some- 
times exudes  from  certain  species  of  trees.  It  is  very  adhesive,  and  gradually 
hardens  without  losing  its  transparency ;  but  easily  softens  aeain  when  moi»- 
tened  with  water.  The  gum  most  commonly  used  is  that  which  is  procured 
from  different  species  of  the  Acacia  in  Egypt,  Arabia,  &c. ;  it  is  known  by 
the  name  of  gum  arable  Gum  likewise  exudes  abundantly  from  the  common 
wild  chetry  tree  of  this  countiy :  it  exists  also  in  various  plants  in  the  state  of 
mucilage,  especially  in  the  roots  and  leaves.  It  is  most  abundant  in  bulbous  roots ; 
and  of  these,  the  hyacinth  affords  the  largest  quantity.    Gum  readily  dissolves 

4o 


054  GUN. 

in  water,  and  the  aolation,  which  is  thick  and  adhesire,  ia  known  by  the  name 
of  mucilage.  It  is  also  soluble  in  the  vegetable  acids,  but  is  deoompoaedby  the 
sulphuric,  nitric,  and  muriatic  adds.     It  is  insoluble  in  alcohol  and  ether. 

6  UN.     A  fire-arm  or  weapon  chiefly  composed  of  a  barrel  or  long  tube, 
from  which  shot  and  other  missiles  are  discharged  by  means  of  inflame  gun- 

Sowder ;  ignition  being  effected  by  the  percussion  of  flmt  and  steel,  or  that  of 
etonating  powder,  through  the  instrumentality  of  a  piece  of  mechanism  called 
the  lock,  which  u  fixed  to  the  handle  or  stock,  and  in  connexion  with  the  lower 
extremity  of  the  barrel,  where  the  charge  is  deposited.  The  word  gun,  how- 
ever, is  indiscriminately  applied  to  almost  every  species  of  fire-arm,  and  is 
usually  divided  into  two  classes,  namely,  great  gtins,  and  small  arms.  The 
former  include  cannon,  artillery,  and  various  species  of  ordnance,  that  are 
moved  on  wheels,  pivots,  trucks,  and  slides,  which  are  described  under  thdr 
separate  heads ;  the  latter  class,  which  embraces  muskets,  blunderbusses,  car- 
bines, fowling-pieces,  and  pistols,  being  such  as  are  manufactured  by  gun-smiths, 
we  propose  to  describe  in  this  place. 

The  principal  parts  of  a  gun  are  the  barrel,  the  lock,  and  the  stock.  The 
following  are  the  requisite  properties  of  the  barrel  i^first,  lightness,  that  it  may 
incommode  the  person  who  carries  it  as  little  as  possible ;  secondly,  suflicient 
strength,  and  other  properties  requisite  to  prevent  its  bursting  by  a  discharge ; 
third^,  it  should  be  constructed  in  such  a  manner  as  not  to  recoil  with  violence; 
and  K>urthly,  it  should  be  of  sufiicient  length  to  carry  the  shot  to  asgreat  a 
distance  as  the  force  of  the  powder  employed  is  capable  of  doing.  The  best 
barrels  in  this  country  are  formed  of  stubs,  as  they  are  called,  or  old  piecea  of 
horse-shoe  nails.  About  twenty-eight  pounds  of  these  are  requisite  to  form  a 
single  musket  barrel.  The  method  of  manufacturing  them  from  this  material 
is  as  follows : — a  hoop  of  about  an  inch  broad,  and  six  or  seven  inches  diameter, 
is  placed  in  a  perpendicular  position,  and  the  stubs,  previously  well  cleaned, 
piled  up  in  it  with  their  heads  outermost  on  each  siae,  till  the  hoop  is  quite 
filled  and  wedged  tight  with  them.  The  whole  then  resembles  a  rough  circular 
cake  of  iron,  which  being  heated  to  a  white  heat,  and  then  stronglv  hammered, 
unite  into  one  solid  lump.  The  hoop  is  now  removed,  and  the  heatings  and 
hammerings  repeated  tiU  tlie  iron  is  rendered  very  tough  and  dose  in  the  grain, 
when  it  is  drawn  out  into  pieces  of  about  twenty-four  mehes  in  length,  hw  an 
inch  or  more  in  breadth,  and  half  an  inch  in  thickness.  Four  of  the  pieces,  pre- 
pared as  has  been  described,  are  required  for  one  barrel ;  but  in  the  ordinary 
way,  a  single  bar  of  the  best  soft  iron  is  employed.  The  workmen  begin 
with  hammering  out  this  into  the  form  of  a  flat  ruler,  having  its  length  and 
breadth  proportioned  to  the  dimensions  of  the  intended  barreL  By  repeated 
heating  and  hammering,  this  plate  is  turned  round  a  tempered  iron  rod  called 
a  mandril,  the  diameter  of  which  is  considerably  smaller  than  the  intended  bore 
of  the  barrel.  One  of  the  edges  of  the  plate  being  laid  over  the  other  about 
half  an  inch,  the  whole  is  heated  and  welaed  by  two  or  three  inches  at  a  thne, 
hammering  it  briskly,  but  with  moderate  strokes,  upon  an  anvil,  which  has  a 
number  of  semicircular  furrows  in  it,  adapted  to  the  barrels  of  different  siiea. 
Every  time  the  barrel  is  withdrawn  fh>m  the  fire  the  workman  strikes  it  gendy 
against  the  anvil  once  or  twice  in  a  horizontal  direction.  By  this  operation  the 
particles  of  the  metal  are  more  perfectly  consolidated,  and  every  appearance  of 
a  seam  in  the  barrel  is  obliterated.  Iac  mandril  being  then  again  introduced 
into  the  cavity  of  the  barrel,  the  latter  is  very  strongly  hammered  upon  it  in 
one  of  the  semicircular  hollows  of  the  anvil  by  small  portions  at  a  tune,  the 
heatings  and  hammerings  being  repeated  until  the  whole  barrel  has  undergone 
the  operation,  and  its  parts  rendered  as  perfectly  continuous  as  if  they  had 
been  formed  out  of  a  solid  piece.  To  effect  this  completely  three  wddms  heats 
are  necessaiy  when  the  very  best  iron  is  made  use  of;  and  a  greater  nunmer  for 
the  coarser  kinds. 

The  next  operation  in  forming  the  barrels  is  the  boring  of  them,  which  is 
usually  done  in  the  following  manner :— Two  beams  of  oak,  each  about  six 
inches  in  diameter,  and  six  or  seven  feet  long,  are  placed  horizontally,  and 
parallel  to  one  another,  having  each  of  their  extremitieB  mortised  upon  a  strong 
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upright  jHece  about  three  feet  high,  and  firmly  fixed ;  a  space  of  three  or  four 
inches  is  left  between  the  horizontal  pieces,  m  which  a  piece  of  wood  is  made 
to  slide  by  having  at  either  end  a  tenon  let  into  a  eroove,  which  runs  on  the 
inside  of  each  beam  throughout  its  whole  length.  Through  this  sliding  piece 
a  strong  pin  or  bolt  of  iron  is  driven  or  screwed  in  a  perpendicular  direction, 
having  at  its  upper  end  a  round  hde  large  enough  to  admit  the  breech  of  the 
barrel,  which  is  secured  in  it  by  means  of  a  piece  of  iron  that  serves  as  a 
wedge,  and  a  vertical  screw  passing  through  the  upper  part  of  the  hole.  A 
chain  is  fastened  to  a  ata^e  on  one  side  of  the  sliding  piece,  which  runs  between 
the  two  horizontal  beams,  and  passing  over  a  pulley  at  one  end  of  the  machine, 
has  a  weight  hooked  on  to  it ;  an  upright  piece  of  timber  is  fixed  above  this 
pulley  and  between  the  ends  of  ibe  beams,  having  its  upper  end  perforated  by 
the  axis  of  an  iron  crank  furnished  with  a  square  socket,  the  other  axis  being 
supported  by  the  wa^  or  by  a  strong  post,  and  loaded  with  a  heavy  wheel  of 
cast-iron  to  give  it  force.  The  axes  of  this  crank  are  in  a  line  with  the  hole  in 
the  bolt  already  mentioned.  The  borer  being  then  fixed  into  the  socket  of  the 
crank,  has  its  other  end,  preriously  well  oiled,  introduced  into  the  barrel,  whose 
breech  part  is  made  fast  in  the  hole  of  the  bolt ;  the  chain  is  then  carried  over 
the  pulley,  imd  the  weight  hooked  on ;  the  crank  beine  then  turned  with  the 
hand,  the  barrel  advances  as  the  borer  cuts  its  way  till  it  has  passed  through 
the  whole  length.  The  boring  bit  consists  of  an  iron  rod  somewhat  longer  than 
the  barrel,  one  end  of  which  fits  the  socket  of  the  crank ;  the  other  is  adapted 
to  a  cylindrical  piece  of  tempered  steel,  about  an  inch  and  a  half  in  length, 
having  its  suiface  cut  after  the  manner  of  a  perpetual  screw,  with  five  or  six 
4hrea&,  the  obliquity  of  which  is  veiy  small ;  the  breadth  of  the  furrows  is  the 
same  with  that  of  the  threads,  and  their  depth  sufficient  to  let  the  metal  cut  by 
the  threads  pass  through  them  easily ;  thus  the  bit  gets  a  strong  hold  of  the 
metal,  and  the  threads  being  sharp  at  the  edges,  scoop  out  and  remove  all 
the  inequalities  and  roughness  from  the  inside  of  the  barrel,  and  render  the 
cavity  smooth  and  equal  throughout  A  number  of  bits,  each  a  little  larger 
than  the  former,  are  afterwards  successively  passed  through  the  baitel  in  the 
same  way,  until  the  bore  has  acquired  the  magnitude  intended.  By  this  opera* 
tion  the  barrel  is  very  much  heated,  especially  the  first  time  the  borer  is  passed 
through  it,  by  which  means  it  is  apt  to  warp :  to  prevent  this  in  some  measure, 
the  bairel  is  covered  with  a  doth  kept  constantly  wetted,  which  not  only  pre- 
serves the  barrel  from  an  excess  of  heat,  but  likewise  preserves  the  temper  of 
the  bit  firom  being  destroyed.  The  equality  of  the  bore  is  of  the  utmost  con- 
sequence to  the  perfection  of  a  barrel,  insomuch  that  the  greatest  possiUe  accu-^ 
racy  in  every  otner  respect  will  not  make  amends  for  any  deficiency  in  this. 
The  method  used  by  gunsmiths  to  ascertain  this  is  bv  a  cylindrical  plucf  of 
tempered  steel  highly  polished,  about  an  inch  in  length,  and  fitting  the  bore 
exactly ;  this  is  screwed  upon  the  end  of  an  iron  rod,  and  introduced  into  the 
cavity  of  the  barrel,  where  it  is  moved  backwards  and  forwards ;  and  the  places 
where  it  passes  with  difficulty  being  marked,  the  boring  bit  is  repeatedly  passed 
until  it  moves  with  equal  ease  through  every  part.  In  forming  the  breech,  a 
tap  is  introduced  into  the  banel,  and  worked  firom  left  to  right,  and  back  again, 
until  it  has  marked  out  the  first  four  threads  of  the  screw ;  another  less  conical 
tap  is  introduced ;  and  when  this  has  carried  the  impression  of  the  screw  as  far 
as  it  is  intended  to  go,  a  third  one,  nearly  cylindrical,  is  made  use  of,  scarcely 
dififering  from  the  plug  of  the  breech  intended  to  fill  the  screw  thus  formed  in' 
ihe  barrel ;  the  plug  itself  has  its  screw  formed  by  means  of  a  screw  plate  of 
tempered  steel,  with  several  female  screws  corresponding  with  the  taps  em-< 

Coyed  for  forming  that  in  the  barrel.  Seven  or  eight  threads  make  a  sufficient 
ngth  for  a  plug ;  they  ought  to  be  neat  and  sharp,  so  as  completely  to  fill  the 
turns  made  in  the  barrel  by  the  tap.  The  breech  plug  is  then  to  be  case-har- 
dened, or  to  have  its  surface  converted  into  steel  by  covering  it  with  shavings 
of  horn,  or  the  parings  of  the  hooft  of  horses,  and  keeping  it  for  some  time  red 
hot,  afUr  which  it  is  plunged  in  cold  water. 

The  above  is  the  usual  method  of  making  the  common  barrels,  especially  for 
fowling  pieces ;  but  there  are  some  other  methods  of  manufacture  by  which 
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they  are  thought  to  be  ooniideimbljr  improvecL    One  kind  of  thcM  are  caOeA 
twitted  barrels,  and  by  the  English  woricmen  are  formed  out  of  the  plaics  mada 
of  stubs,  as  above  described.     Four  of  these,  of  the  size  already  mentioned, 
are  requisite  to  make  one  barrel ;  one  of  them  heated  red  hot  for  five  or  six 
inches,  is  turned  like  a  coik-screw  by  means  of  the  hammer  and  anvil,  the 
remaining  parts  being  treated  successively  in  the  same  manner  untfl  the  whole 
is  turned  into  a  spiral  forming  a  tube,  the  diameter  of  which  cofresponds  with 
the  bore  of  the  intended  barrel.     Four  are  generally  sufficient  to  form  a  barrd 
of  the  ordinary  length,  that  is  from  32  to  38  inches ;  and  the  two  which  form 
the  breech  or  stron^»t  part,  called  the  reinforced  part,  are  considerably  thicker 
than  those  which  form  tne  mnzde  or  fore  part  of  the  barrel :  one  of  these  tubes 
is  dien  welded  to  a  part  of  the  old  barrel  to  serve  as  a  handle ;  afWr  which  the 
turns  of  the  spiral  are  united  by  heatine  the  tube  two  or  three  inches  at  a  time 
to  a  bright  white  heat,  and  striking  Uie  end  of  it  several  times  against  the 
anvil  in  a  horizontal  direction  with  considerable  force,  which  is  called  jumping 
the  barrel ;  and  the  heats  given  for  this  purpose  are  called  jumping  heats.  The 
next  step  is  to  introduce  a  mandril  into  the  cavity,  and  to  hammer  the  heated 
portion  lightly,  in  order  to  flatten  the  ridges  or  burrs  rwsed  by  the  jumping  at 
the  place  where  the  spirals  are  ioined.     As  soon  as  one  piece  is  jumped 
throughout  its  whole  length,  another  is  welded  to  it  and  treated  in  the  same 
manner  until  the  four  pieces  are  united,  when  the  part  of  the  old  barrel  is  cut 
off  as  being  no  longer  of  any  use.    The  welding  is  repeated  three  times  at 
least,  and  is  performed  exactly  in  the  same  manner  as  directed  for  plain 
barrels ;  and  thepiece  may  afterwards  be  finished  according  to  the  directions 
already  given.    Tne  advantages  of  twisted  barrels  are,  after  all,  somewhat  pro- 
blemati<»il,  where  there  is  so  much  of  welding ;  and  that  in  a  spiral  form,  the 
welding  is  more  likely  to  be  done  in  a  careless  manner,  or  with  sOme  imper- 
fection in  some  part,  than  when  it  is  a  plain,  is  an  obvious  business ;  nor  have 
we  observed  that  twisted  barrels  are  less  liable  to  burst  than  plain  ones,  where 
the  latter  have  been  well  and  carefully  forged.    The  manufacture  of  rifle  bar- 
rels, in  their  first  formation,  is  exactly  similar  to  that  of  other  barrels,  except 
that  their  external  form  is  generally  octagonal :  instead  of  being  smooth  on  the 
inside,  like  the  common  pieces,  they  are  formed  with  a  number  of  spiral  chan- 
nels resembling  those  of  a  screw,  except  only  that  the  threads  or  rifles  are  less 
deflected,  making  only  one  turn,  or  a  little  more,  in  the  whole  {ength  of  the 

Ineee,  This  construction  of  the  barrel  is  employed  for  correcting  the  irregu- 
artty  in  the  flight  of  balls  from  smooth  barrels.  The  rifle  barrels  which  have 
been  made  in  England,  where  they  are  not  very  common,  are  contrived  to  be 
charged  at  the  breech,  the  piece  being  for  this  purpose  made  larger  there  than 
in  an  V  other  part ;  the  powder  and  bullet  are  put  in  through  Uie  side  of  the 
barrel  by  an  opening,  which,  when  the  piece  is  loaded,  is  filled  up  with  a  screw; 
by  this  means,  when  the  piece  is  fired,  the  bullet  is  forced  through  the  rifles, 
and  is  projected  with  mater  truth.  The  principal  imperfections  to  which  gun 
barrels  are  liable  are  the  chink,  crack,  and  flaw ;  the  first  b  a  small  rent  in  the 
direction  of  the  length  of  the  barrel ;  the  second  across  it ;  and  the  third  is  a 
kind  of  scale  or  small  plate  adhering  to  the  barrel  by  a  narrow  base,  from 
which  it  spreads  out  like  the  head  of  a  nail  from  its  shank,  and,  when  sepa- 
rated, leaves  a  pit  or  hollow  in  the  metal.  The  chink  or  flaw  are  of  much 
worse  consequence  than  the  crack  in  fire-arms,  the  force  of  the  powder  being 
exerted  more  upon  the  circumference  than  the  length  of  the  barrel.  The  flaw 
is  much  more  frequent  than  the  chink,  the  latter  scarcely  ever  occurring  but  in 
plain  barrels  formed  out  of  a  single  plate  of  iron,  and  then  only  when  the 
metal  is  deficient  in  quality :  when  flaws  happen  on  the  outside  they  are  of  no 
great  consequence ;  but  in  the  inside  they  are  apt  to  lodge  moisture  and  ftnil- 
ness,  which  corrode  the  iron,  and  thus  the  cavity  enlarges  continually  till  the 
piece  bursts.  This  accident,  however,  may  arise  from  many  other  canses 
besides  the  defect  of  the  barrel  itself;,  the  best  pieces  will  burst  when  the  ImJI 
IS  not  sufficiently  rammed  home,  so  that  a  ftpace  is  left  behind  it  and  the 
|K>wder ;  a  very  small  windage  or  passage  for  the  inflamed  powder  between  the 
tides  of  the  barrel  and  ball  will  be  tumdent  to  prevent  the  accident;  but  if 
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the  Uall  hai  been  forcibly  driven  down  with  an  iron  ramrod,  to  aa  to  fill  up  Um 
cavity  of  the  barrel  very  exactly,  the  piece  will  almost  certainly  burst,  if  only 
B  very  small  place  is  left  between  it  and  the  powder ;  and  the  greater  the  space 
is,  the  more  certainly  does  tlie  event  take  place.  A  piece  will  undoubtedly  burst 
from  having  its  mouth  stopped  up  with  earth  or  snow ;  which  accident  some- 
times happens  to  sportsmen  in  leaping  a  ditch,  in  which  they  have  assisted 
themselves  with  their  fowling-piece,  putting  the  mouth  of  it  to  the  ground ; 
and  when  this  did  not  happen,  it  is  only  to  be  accounted  for  from  the  stoppage 
being  extremely  slight.  For  the  same  reason,  a  musket  will  certainly  bunt  if 
it  is  fired  with  the  muzzle  immersed  only  a  very  little  way  in  water ;  it  will 
also  burst  from  an  overcharge ;  but  when  such  an  accident  happens  in  other 
circumstances,  it  is  most  prooably  to  be  attributed  to  a  defect  in  the  workman- 
ship, or  in  the  iron  itself.  These  defects  are  principally  an  imperfection  in  the 
welding,  a  deep  flaw  having  taken  place,  or  an  inequality  in  the  bore ;  which 
last  is  the  most  common  of  any,  especially  in  the  low  priced  barrels.  The 
reason  of  a  barrel's  bursting  from  the  inequality  of  the  bore  is,  that  the  elastic 
fluid  set  loose  by  the  inflammation  of  the  powder,  and  endeavouring  to  expand 
itself  in  every  direction,  being  repelled  by  the  stronger  parts,  acts  with  addi- 
tional force  afi;ainst  the  weaker  ones,  and  frequently  bursts  through  them, 
which  it  would  not  have  done  had  the  sides  been  equally  thick  and  strong 
throughout  With  regard  to  defects  arising  from  the  bad  quality  of  the  iron, 
it  is  impossible  to  say  any  thing  certain,  as  the  choice  of  the  materials  depends 
entirely  on  the  gunsmith.  The  only  way  to  be  assured  of  having  a  barrel  made 
of  proper  metal,  is  to  purchase  it  of  a  manufacturer  of  known  reputation,«and 
to  give  a  liberal  price  for  the  piece. 

The  recoil  of  a  gun  becomes  an  object  of  importance  only  when  it  is  very 
^reat,  for  every  piece  recoils  in  some  degree  when  it  is  discharged.  The  most 
frequent  cause  of  an  excessive  recoil  is  an  inequality  in  the  bore  of  the  barrel ; 
and  by  this  it  will  be  occasioned  even  when  tne  inequaUty  is  too  small  to  be 
perceived  by  the  eye.  The  explanation  of  this  upon  mechanical  principlesi 
mdeed,  is  not  very  obvious ;  for  as  it  is  an  invariable  law  that  action  and  re- 
action are  equal  to  one  another,  we  should  be  apt  to  suppose  that  every  time  a 
piece  is  discharged  it  should  recoil  with  the  whole  difference  between  the  velo- 
city of  the  bullet  and  that  of  the  inflamed  powder.  The  cause  to  which  too 
great  a  recoil  in  muskets  has  been  usually  attributed,  b  the  placing  of  the 
touch-hole  at  some  distance  from  the  breech-plug,  so  that  the  powder  is  fired 
about  the  middle,  or  towards  its  fore  part,  rather  than  at  its  base ;  to  avoid  this, 
a  groove  or  channel  is  often  made  in  the  breech-plug  as  deep  as  the  second  or 
third  turn  of  the  screw,  the  touch-hole  opening  into  this  channel,  and  thus 
firing  the  powder  at  its  very  lowest  part.  It  appears,  however,  from  a  number 
of  experiments  made  upon  this  subject  by  M.  Le  Clere,  that  it  made  very  little 
difference  with  regard  to  the  recoil,  whether  the  touch -hole  was  close  to  the 
breech,  or  an  inch  distant  from  it.  The  only  circumstance  to  be  attended  to 
with  respect  to  its  situation,  therefore,  is,  that  it  be  not  quite  close  to  the  breech- 
plug,  as  in  such  a  case  it  is  found  to  be  more  apt  to  be  choked  up  than  when 
{placed  about  a  quarter  of  an  inch  from  it.  It  was  formerly  supposed,  that  the 
onger  gun  barrels  were  made  the  greater  would  be  the  distance  to  which  they 
carried  the  shot,  and  that  without  any  limitation.  This  opinion  continued  to 
prevail  till  near  a  century  ago,  when  it  was  first  proposed  as  a  doubt  whether 
long  barrels  carried  further  than  short  ones.  Mr.  Robins  informs  us,  that  "  if 
a  musket  barrel  of  the  common  length  and  bore  is  fired  with  a  leaden  bullet 
and  half  its  weight  of  powder,  and  if  the  same  barrel  is  afterwards  shcMtened 
one-half,  and  fired  witn  the  same  charge,  the  velocit^jr  of  the  bullet  in  this 
shortened  barrel  will  be  about  one-sixth  less  than  what  it  was  when  the  barrel 
was  entire ;  and  if,  instead  of  shortening  the  barrel,  it  is  increased  to  twice  its 
usual  length,  when  it  will  be  near  eight  feet  long,  the  velocity  of  the  bullet  will 
not  be  augmented  more  than  one-eighth  part ;  and  the  greater  the  length  of 
the  barrel  is  in  proportion  to  the  diameter  of  the  bullet,  and  the  smaller  the 
quantiW  of  powder,  the  more  inconsiderable  will  these  alterations  of  veloci^ 
fie."    From  these  conuderations  it  appears  that  the  advantages  gained  by  long 
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bomb  are  bjr  no  meant  equtralent  to  the  diaadTantagei  ariaing  from  tlie  vcigbt 
and  incumbnnce  of  using  them ;  and  from  a  multitude  of  experimentii  it  if 
now  apparent  that  anv  one  may  chooee  what  length  he  pleases  without  any 
sensible  detriment  to  the  range  of  the  piece.  The  most  approFed  lengths  axe 
from  30  to  36  inches.  An  opinion  has  generally  prevailea  amimg  sportsmen, 
that  by  some  unknown  manceuvre  the  gunsmith  is  able  to  make  a  piece  loaded 
with  small  shot,  throw  the  contents  so  dose  together,  that  even  at  the  dietance 
of  40  or  50  paces  the  whole  will  be  confined  within  the  breadth  of  a  hat.  From 
such  experiments  as  have  been^made  on  this  subject,  however,  it  appears  that 
the  closeness  or  wideness  with  which  a  piece  throws  its  shot,  is  liable  to  in- 
numerable vfariations  from  causes  which  no  skill  in  the  gunsmith  can  possibly 
reach.  So  variable  are  these  causes,  that  there  is  no  possibility  of  making  the 
same  piece  throw  its  shot  equally  close  twice  successively.  In  general,  how- 
ever,  the  closer  the  wadding  is  tne  better  disposed  the  shot  seems  to  be  to  £dl 
within  a  small  compass.  In  firing  with  small  shot  a  curious  circumstance 
sometimes  occurs,  viz.  that  the  grains,  instead  of  being  equally  distributed 
over  the  space  ther  atrike,  are  thrown  in  dusters  of  10,  12,  16,  or  more; 
whilst  several  considerable  spaces  are  left  without  a  ^pcaia  in  them.  Sometimes 
one-third  or  one-half  of  the  charge  will  be  collected  into  a  duster  of  this  kind ; 
nay,  sometimes,  though  much  more  rarely,  the  whole  chaige  will  be  collected 
into  one  mass,  so  as  to  pierce  a  board  near  an  inch  thick  at  &e  distance  of  40  or 
45  paces.  Small  barrels  are  said  to  be  more  liable  to  tliis  dustering  than  large 
ones ;  and  M.  de  MaroUes  informs  us  that  this  is  especially  the  case  when  the 
barrels  are  new,  and  likewise  when  they  are  fresh  washed ;  though  he  acknow- 
ledges that  it  did  not  always  happen  with  the  barrds  he  employed,  even  after 
they  were  washed.  It  is  probable,  therefore,  that  the  closeness  of  the  shot  depends 
on  some  circumstance  relative  to  the  wadding  rather  than  to  the  mechanism  of 
the  barrel. 

The  lock  of  the  gun,  which  comes  next  to  be  conridered,  was  originally  only 
a  deft  piece  of  iron,  moving  on  a  pin  fixed  in  a  stock.    To  this  succeeded  the 
wheel  lock,  so  called  from  a  small  wheel  of  solid  steel,  which  being  let  ofi*  by 
a  spring,  by  its  rapid  evolutions  elicited  fire  from  the  flint,  and  ignited  the 
priming.    This  was  superseded  by  the  snaplance,  in  which  a  motion  was  given 
Co  the  cock  which  held  the  flint,  and  a  movable  plate  of  steel  called  the  frisel, 
or  hammer,  was  placed  vertically  above  the  pan  to  receive  it    A  great  many 
improvements  in  gun  locks  have  been  made  during  the  last  twenty  or  thirty 
years,  which  have  contributed  to  render  this  part  of  the  gun  admirably  effident. 
Our  space  will  not  permit  us  to  enter  into  details ;  we  therefore  refer  the  reader 
to  the  periodical  works  descriptive  of  patent  inventions.    The  important  requi- 
sites in  a  gun  lock  are,  that  tne  action  of  the  cock  be  as  rapid  as  possible,  and 
that  it  should  be  so  placed,  that  on  uncovering  the  pan  the  flint  may  point  into 
the  centre  of  the  priming,  and  as  near  to  it  as  possible,  without  touching  it ; 
the  main  spring  should  hdve  a  smooth  and  active  motion ;  the  hammer  spring 
should  be  ught,  and  should  give  a  dight  resistance  to  Hie  cock  on  its  striking 
the  steel,  which  ought  to  move  on  a  roller. 

The  stocks  of  guns  have  assumed  a  great  variety  of  forms.  Sportsmen's 
guns,  till  within  these  thirty  vears,  were  made  very  crooked  in  the  stock,  and 
no  regard  was  then  paid  to  the  balance  of  the  piece ;  since  that  period  straight 
stocks  have  been  universally  adopted,  and  the  length  of  the  stock  has  been 
accommodated  to  the  stature  of  the  person  for  whom  it  is  made. 

GUNNERY.  The  art  of  employing  artillei^  and  other  fire-arms  against  an 
enemy  with  the  best  effect,  including  every  thing  that  is  necessaiy  to  a  com- 
plete knowledge  of  the  most  approved  methods  of  mounting,  transporting 
charging,  directing,  discharging,  &c  the  above.  It  includes  also  a  knowledge 
of  pvrotechny,  the  theory,  force,  and  eSed  of  gunpowder,  the  proportions  of 
powder  and  ball  required  to  produce  a  proposed  efiect ;  and  rules  for  computing 
the  ranffe  of  the  projectile,  the  elevation  of  the  piece,  &C 

OUNPOWDER.  The  origin  of  the  invention  of  gunpowder  is  a  question 
upon  which  the  learned  are  by  no  means  agreed;  some  attributing  it  to 
Sohwarta,  a  German  monk,  in  1320,  others  to  Roger  Bacon,  who  lived  nearly 
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a  Inindred  years  prior  to  that  date ;  whilst  other  writers  again  contend,  and 
with  eyery  appearance  of  probability,  that  the  invention  had  its  rise  in  the 
East,  and  that  it  has  been  known  to  the  Indians  and  Chinese  for  thousands  of 
years.  The  most  improved  proportions  for  the  composition  of  gunpowder  are 
75  parts  by  weight  of  nitre,  to  16  of  charcoal,  and  0  of  sulphur,  wnich  being 
separately  reduced  to  a  fine  powder,  are  intimately  blended  together  with  a 
small  quantity  of  water.  Thui  operation  was  formerly  performed  in  wooden 
mortars,  with  wooden  pestles ;  in  the  large  way  by  means  of  a  mill,  wherein 
the  mortars  were  disposed  in  rows,  and  in  each  of  the  mortars  a  pestle  was 
moved  by  the  arbor  of  a  water  wheel.  The  heat,  however,  produced  by  the 
blows  of  the  pestle,  occasioned  such  frequent^ezulosions,  that  an  Act  of  Par- 
liament was  passed  in  the  12th  of  Geo.  III.  prohibiting  their  use,  and  limiting 
the  licenses  to  mills  similar  in  principle  to  the  one  which  we  shall  describe 
towards  the  close  of  this  article.  The  mixture  is,  from  time  to  time,  mois- 
tened with  waterjwhich  serves  to  prevent  its  being  dissipated  in  the  pulverulent 
form,  and  likewise  obviates  the  danger  of  explosion.  When  the  process  of 
biendinff  the  materials  together  in  tms  manner  is  complete,  (which  requires 
several  hours,)  the  gunpowder  is  in  fact  made,  and  only  requires  to  be  dried,  to 
render  it  fit  for  use.  The  granulation  of  gunpowder  is  efiected  by  placing  the 
mass,  while  in  the  form  of  a  stiff  paste,  in  a  wire  sieve,  covering  it  with  a 
board,  and  agitating  the  whole ;  by  the  pressure  of  the  board,  it  is  thus  cut 
into  small  grains  or  parts.  The  powder  is  smoothed  or  glazed,  as  it  is  called, 
for  small  arms,  by  the  following  operation :  a  hollow  cylinder  or  cask  is 
mounted  on  an  axis,  and  turned  by  means  of  a  water-wheel  or  other  power ; 
this  cask  is  half  filled  with  powder,  and  turned  for  six  hours,  and  thus  by  the 
mutual  friction  of  the  grains  of  powder,  it  is  smoothed  or  glazed.  The  fine 
mealy  part  thus  separated  from  the  rest  is  a^ain  granidated.  The  granulation 
causes  it  to  take  fire  more  readily,  as  the  inflammation  is  more  speedily  propa- 

fated  through  the  interstices  of  the  grains.  The  variations  in  the  strength  of 
ifferent  samples  of  gunpowder  are  generally  owing  to  the  more  or  less  minute 
division  and  intimate  mixture  of  the  parts ;  the  reason  of  this  may  be  easily 
deduced  from  the  consideration,  that  nitre  does  not  detonate  until  in  contact 
with  inflammable  matter,  consequently  the  whole  detonation  will  be  the  more 
speedy  the  more  numerous  the  points  of  contect  For  this  reason  also  the 
ingredients  should  be  very  pure,  as  the  mixture  of  any  foreign  matter  not  only 
diminishes  the  quantity  of  effective  inffredients,  but  prevente  their  contect  by 
its  interposition.  The  elastic  product  detained  by  the  detonation  of  gunpowder 
was  found  by  BerthoUet  to  consist  of  two  parts  of  nitrogen  gas,  and  one  part 
of  carbonic  acid  gas.  The  sudden  extrication  and  expansion  of  these  gases  are 
the  cause  of  the  effecte  of  gunpowder. 

We  shall  now  proceed  to  describe  an  improved  gunpowder  mill  invented  by 
Mr.  James  Monk,  the  manager  at  the  gunpowder  mills  of  Messrs.  Burton, 
Children,  and  Burton,  near  Tunhridge.  Some  few  years  ago  a  model  and  descri]»- 
tion  of  it  was  presented  to  the  Society  of  Arts,  who  voted  to  Mr.  Monk  their 
silver  medal  and  twenty  guineas,  as  a  mark  of  their  sense  of  ite  merits.  aaFSg.  1, 
on  the  following  page,  is  a  compound  lever,  formed  of  two  iron  bars,  the  extre- 
mities of  which  terminate  above  the  bedstones  of  the  pair  of  mills,  A  B ;  these 
levers  are  connected  at  their  other  extremities  by  a  bolt  at  b,  forming  a  joint,  and 
permitting  the  levers  to  move  so  as  to  form  a  very  obtuse  angle,  when  a  power 
m>m  below  upwards  is  applied  to  either  of  the  ends  of  the  levers  a  a  as  shown  oy  the 
dotted  lines,  c  c  are  two  oblong  holes  in  the  lever  bars,  through  which  two  screws 
are  put,  which,  being  serewed  into  the  two  uprights,  constitute  the  two  fixed 
fulcrums  of  the  levers ;  dd  are  two  uprights,  with  an  eye  or  loop  in  each  to 
receive  and  steady  the  ends  of  the  lever,  which  are  made  long  enough  to  allow 
the  bars  to  teke  tne  position  indicated  by  the  dotted  lines ;  e  e  are  two  blowers, 
made  of  thin  sheet  iron,  in  the  form  of  hollow  three-sided  pyramids,  and  are 
suspended  by  two  iron  rods  to  the  ends  of  the  levers  a  a.  These  blowers  are 
placed  as  near  as  possible  to  the  tops  of  the  upright  stone  shafts,  and  as  close 
to  the  wheels  as  the  timber  will  allow;  //  are  two  copper  chains  attached  by 
one  end  to  the  lever  bars,  and  by  the  other  supporting  two  copper  valves,  which 
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■M  not  wen  in  Fig.  I ,  beii^  imide  tlic  tub* ;  but  one  of  thmi  ii  diovii  tXg'ta 
th«  MCtion  of  Ji  tub.  Fig.  2.  A  4  mre  tvo  ovml  tub*  captUe  of  bdding  lii 
nlloni  of  wtUr,  *nd  hftviiig  *  circular  hole  at  tbe  bottom ;  Mimmnditie  thia 
fa<^  ii  k  eroovrd  block  having  a  cylindrical  channel  all  round  it,  into  which  tha 
bottom  rag«>  of  the  cylindneal  valvea  St,  ibown  in  lectioii  at  Fig.  3.  iitM 
two  Nnall  apring  catchn  faitened  to  tha  two  upiichta.  Ths  lever  bara  arc  laid 
en  the  top  of  theie  catcbea,  to  Ibat  when  the  eu^  of  the  U*cii  riac,  that  pait 
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»r  the  lever  which  ia  on  the  catch  movea  downward*,  aa  thowu  by  the  dotted 
Unei,  till  it  ilipa  over  the  end  of  the  catch,  and  thni  the  levrr  ii  preveQled  from 
reiuming  it*  horizontal  poaition  till  releaaed  from  the  catch.  In  order  to  fit 
that  part  of  the  apparatua  above  described  for  action,  bring  the  lever  (o  ahori- 
acmtal  podtion,  place  the  valve  o  in  the  circular  channel  at  the  bottom  of  the 
tub  ao  u  to  cover  the  hole ;  fill  the  channel  with  mercuij,  and  then  fill  the  tub 
with  waterj  hence  it  it  evident  that  the  water  ia  prevanted  by  the  mercury 
ftom  etcaping  out  of  the  tub  ao  long  aa  the  valve  remaini  in  ila  place.  Now, 
if  an  exploaion  happen  in  either  of  tha  milli,  the  blower  s  hanging  over  the 
badatone  will  be  thrown  up,  and  the  lever  will,  in  consequence,  be  brought  into 
the  poutiou  indicated  by  the  dotted  line,  and  will  be  retained  there  by  llw 
^ring  eatchei  ■  ■ ;  at  the  tame  time  the  valvet  g  will  be  diawn  up  out  t£  tht 
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mercury,  and  the  water  in  both  tubs  will  pour  down  on  their  respectiye  bed- 
stones, extinguishing  in  one  the  inflamed  powder,  and  in  the  other  preventing 
it  from  taking  fire.  In  a  certain  stage  of  the  grinding  the  materials  are  apt  to 
clot  and  adhere  to  the  runners ;  parts  of  the  bedstones  are  thus  left  bare,  and 
the  runner  and  bedstone  coming  in  contact,  an  accidental  spark  may  be 
elicited,  and  an  explosion  ensue.  To  prevent  this  most  usual  cause  of  acci- 
dents, Mr.  Monk  fixes  to  the  axles  of  the  wheel  a  scraper  formed  of  a  curved 
piece  uf  wood  k  shod  with  copper,  which,  being  placed  behind  and  almost 
touching  each  of  the  runners,  scrapes  off  the  powder  as  it  collects,  and  thus 
keeps  each  of  the  bedstones  always  covered.  /  is  the  greater  water-wheel, 
which  gives  motion  to  the  rest ;  m  m  are  two  vertical  beveled  wheels,  fixed  on 
the  axis  of  the  great  wheel ;  n  n  two  horizontal  bevel  wheels  working  in  tn  m, 
and  turning  the  vertical  shafts,  upon  the  upper  part  of  which  are  also  fixed  two 
horizontal  wheels  oo,  which  drive  the  wheAapp,  To  the  shafts  of  these  latter 
wheels  are  fixed  the  runners  g  7,  which  traverse  on  the  bedstones  uu;  vv  are 
the  curbs  surrounding  the  bedstone  to  keep  the  powder  from  falling  off.  Thd 
mill  A  presents  a  view,  and  the  mill  B  a  section  of  the  bedstone  and  curb. 
F^,  2  snows  the  position  of  the  apparatus  after  an  explosion  has  taken  place ; 
the  valve  being  raised  up  out  of  the  channel,  and  the  water  pouring  down  on 
the  bedstone. 

GUNWALE,  OR  GUNNEL,  is  the  piece  of  timber  in  a  ship  which  reaches 
on  either  side  from  the  half-deck  to  the  forecastle,  being  the  uppermost  bendf 
which  finishes  the  upper  works  of  the  hull  in  that  part. 

GYPSUM.  A  substance  which  is  very  abundant  in  nature,  and  is  now  de- 
nominated, according  to  the  new  chemical  arrangement,  the  sulphate  of  lime. 
It  forms  immense  strata,  composing  entire  mountains ;  it  is  found  in  almost 
every  soil,  either  in  greater  or  less  quantities ;  it  is  contained  in  the  waters  of 
the  ocean,  and  in  almost  all  river  and  spring  water.  In  these  its  presence  is 
the  cause  of  the  quality  termed  hardness,  which  may  be  known  by  the  water 
being  incapable  of  forming  a  solution  of  soap,  the  sulphuric  acid  seizing  on  the 
alkali  of  the  soap,  and  the  oil  forming  a  compound  with  the  lime.  Sulphate  of 
lime  is  insipid,  white,  and  soft  to  the  touch ;  water  will  not  hold  a  ^e-hun- 
dredth  part  of  it  in  solution.  Exposed  to  heat  it  appears  to  effervesce,  which 
phenomenon  is  caused  by  the  expulsion  of  water ;  it  becomes  opaoue,  and  falls 
mto  powder.  This  powder,  when  its  water  has  been  driven  off  by  the  appli- 
cation of  a  red  beat,  absorbs  water  rapidly,  so  that  if  it  be  formed  mto  a  paste 
with  water,  it  dries  in  a  few  minutes.  In  this  state  it  is  called  plaster  of  raris, 
and  is  employed  for  forming  casts,  and  for  a  variety  of  purposes  in  the  art  of 
statuary. 

H. 

HACKLE.  An  instrument  or  tool  used  in  haekUng  or  straightening  the  fibres 
of  flax.  It  consists  of  several  rows  of  long  sharp  iron  teeth,  fixed  in  a  piece 
of  wood,  and  placed  with  their  points  upwatds  before  the  workman,  who  strikes 
the  flax,  whicn  he  holds  in  his  hand,  upon  the  teeth  of  the  hackle,  drawing  it 
quickly  through  them.  According  to  the  quality  of  the  flax,  or  the  purpose 
ror  which  it  is  designed,  the  workmen  use  a  nackle  with  finer,  coarser,  or  wider 
teeth ;  but  general^  using  a  coarse  one  first  and  a  finer  afterwards.    See  Flax. 

HAEMATITES.    An  ore  of  iron. 

HAIR.  Slender  filaments  issuing  out  of  the  pores  of  the  skins  of  animals, 
and  serving  most  of  them  as  a  covering.  All  hair  appears  round ;  but  the 
microscope  shows  them  to  be  of  various  shapes,  as  square,  triangular,  hexan- 
gular,  &c.  The  human  hair  forms  a  considerable  article  of  commerce,  princi- 
pally for  the  manufacture  of  perukes.  The  hair  of  northern  countries  is 
prerorred  on  account  of  its  greater  strength  and  length.  Hair  b  sometimes 
oleached  on  the  grass  like  unen,  after  previous  wauiinff  and  steeping  in  a 
bleaching  Uqutd ;  it  may  then  be  dyed  of  an;^  colour;  When  it  does  not  curl 
naturally,  it  is  made  to  do  so  by  first  boiling  it  andthen  baking  it  in  an  oven. 
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M.  Vanquefin,  who  invefltieated  the  chemical  constituents  of  hair,  found  Chit 
red  hair  differa  from  hlack  only  in  containing  a  red  oil  initead  of  a  hlackith 
green  oil ;  and  that  white  hair  Offers  from  both  these  only  in  the  oil  heing 
nearly  colourless,  and  in  containing  phosphate  of  magnesia,  which  is  not  found 
in  them.  Hair  is  usually  distinguished  into  yarious  kinds ;  ihe  stifiest  and 
strongest,  such  as  those  on  the  back  of  swine,  are  called  brisUes.   The  soft  and 

f  liable,  like  that  on  sheep,  is  called  wool ;  and  the  finest  of  all  is  called  down, 
lair  is  ako  woven  into  cloth  (of  which  it  forms  only  the  weft)  for  covering  the 
■eats  of  chairs  and  sofas,  besides  other  purposes. 

HAIR  POWDER.  The  starch  of  wheat  finely  pulverized,  and  variously 
scented. 

HALBERT,  or  Halbero.  A  kind  of  spear  having  a  staff  about  six  feet 
long,  much  in  use  formerly,  but  now  chiefly  confined  to  the  seijeants  of 
foot. 

HAM.  The  leg  or  thigh  of  pork,  dried,  seasoned,  and  prepared  to  make  it 
keep,  and  give  it  an  agreeable  flavour.  Westphalia  hams,  which  are  most 
esteemed,  are  prepared  by  salting  them  with  saltpetre,  presaing  them  for  eight 
or  ten  days,  then  steeping  them  in  juniper  water,  and  drying  them  in  the  amoke 
of  juniper  wood.  The  curing  of  hams  in  this  country  is,  first,  by  common 
saltmg,  to  extract  the  blood;  the  hams  are  then  wiped  diy,  and  aiterwazds 
salted  in  a  mixture  of  common  salt,  saltpetre,  and  brown  suear ;  in  this  pickle 
they  remain  for  about  three  weeks,  and  are  i^rwards  dried  in  a  ehinmcy,  or 
on  the  great  scale,  in  a  stove  constructed  for  the  purpose. 

HAMMER.  A  well-known  instrument  used  by  workmen,  of  which  there 
are  numerous  varieties,  adapted  to  the  peculiar  work  they  are  designed  for. 
The  general  form  is  that  of  an  iron  head,  having  a  handle  at  right  angles  to  it. 
The  class  called  rivetting  hammers  have  the  handle  fixed  to  them  bv  passing  it 
through  a  hole  in  the  head,  where  it  is  made  to  fit  or  be  wedged  firmly ;  the  face 
is  formed  of  steel,  as  well  as  the  rivetting  end  (called  the  pans),  which  are  welded 
to  the  iron.  These  hammers  are  used  by  carpenters,  smiths,  engineers,  and 
numerous  artisans,  and  vary  in  some  peculiarities  of  form ;  and  as  respects 
weight,  from  an  ounce  to  many  pounds,  or  that  of  a  sledge-hammer.  Of  the 
last  mentioned  there  are  vanous  sorts  and  sixes  ;  also  of  himd  or  up-hand 
hammers,  which  are  a  medium  size  between  the  two  before  mentioned,  and 
are  so  called  from  the  capacity  of  the  workman  to  use  them  with  one  hand.  A 
variety  of  hammen  having  two  claws,  called  claw  hammers  and  Kent  hammers^ 
are  extensively  used  by  caipenters  and  other  trades,  as  the  claw,  together  with  its 
handle,  forms  a  powerful  lever  for  drawing  nails  and  other  purposes  requiring 
mat  force.  The  late  Mr.  Walby,  of  Islington  (who  is  succeeded  by  his  aon), 
aistinguished  himself  by  the  construction  of  a  very  ingenious  apparatus,  by  which 
he  worked  a  hammer  at  the  rate  of  800  blows  per  minute,  in  tne  maniifacture  of 
a  very  superior  quality  of  bricklayers'  trowels.  For  the  construction  and  mode 
of  working  those  prodigious  hammers,  called  tUi-kammen,  see  the  article  I  eon. 

HAMMOCK.  A  suspended  bed,  usually  consisting  of  a  piece  of  sackhig 
about  three  feet  wide  and  six  feet  long,  gathered  or  drawn  together  at  the  twa 
ends,  and  suspended  from  only  one  point  at  each  end.  They  are  chiefly  used 
on  ship-boaro,  and  between  decks;  in  warm  countries  they  are  likewise 
employed  for  persons  to  sleep  in  the  open  air,  by  suspending  them  to  poata 
or  to  trees. 

HAND.    A  measure  of  four  inches,  or  that  of  the  clenched  fist 

HANDCUFFS.  Two  circular  pieces  of  iron,  provided  with  hinge  joints  to 
open  and  shut  them  by,  and  a  lock  to  secure  them  when  together ;  employed 
to  secure  prisoners  or  malefactors. 

HANI>-MILLS.  This  term  does  not  properly  apply  to  any  specific  kind  of 
mill,  but  to  all  that  are  worked  by  hand,  such  as  those  employed  in  the  domealie 
oflSces  of  grinding  coffee,  pepper,  &c.  There  are,  however,  miUs  of  a  larger 
description,  which  are  also  worked  by  hand  for  grinding  malt,  wheat,  and  other 
substances ;  and  in  the  houses  for  the  reception  and  employment  of  the 
poor,  it  is  not  uncommon  to  employ  the  united  force  of  a  mat  number  of 
persons  in  grinding  com  and  dressmg  the  meal  for  the  establishment;  and  the 
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mode  of  applying  their  power  is  almost  uniformly  that  of  turning  a  winch  or 
crank,  made  of  aaffictent  length  for  that  purpose.  The  winch  undoubtedly 
poesesses  the  advantages  of  great  simplicity  and  convenience ;  and  it  has  pro- 
Dably,  on  those  accounts,  been  generally  adopted*  It  has,  however,  been  the 
opinion  of  many  eminent  mechanics,  that  the  most  effective  mode  of  employing 
human  force,  is  the  action  of  rowing  a  boat  On  this  point  the  ingenious 
Dr.  Desaguliers  observed,  that  more  muscles  are  employed  at  once  for  ov  er- 
coming  the  resistance,  than  in  any  other  position  ,*  and  that  the  weight  of  his 
body  assists  in  the  act  of  pulhng  backwards.  The  following  mechanical 
arrangement  for  carrying  the  principle  into  effect  is  given  in  Brockler's 
Tkeabrum  Machmarum.    The  ver- 
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tical    shaft    e    carries    a    iaige 

toothed  wheel  c ;  the  latter  being 

intended   to  operate  partly  as  a 

regulating  fly.     Upon  the  crank 

41  hangs  one  end  of  an  iron  h,  the 

other  end  of  which  hangs  upon  the 

lever  h  I,  the  motion  being  per- 
fectly free  at  both  ends  of  the  bar 

i.     One  end  of  the  lever  h  I  hangs 

upon  die  fixed  hook/,  about  which, 

as  a  centre  of  motion,  it  turns; 

then,  while  a  man,  by  pulling  at 

the  lever  h  I,  moves  the  extremity 

/  from  /  to  it,  the  bar  6,  acting  upon 

the  crank  a,  gives  to  the  wheel 

«  half  a  rotation ;  and  the  momen- 
tum it  has  acquired  will  carry  them 

on,  the  man  at  the  lever  suffering  it  to  turn  back  from  k  to  /,  while  the  other 

half  of  the  rotation  of  the  wheel  is  com|4eted.     In  like  manner  another 

auflScient  pull  at  the  lever  h  I  gives  another  rotation  to  the  wheel  c,  and  so 
on  at  pleasure.  The  wheel  e  turns  by  its  teeth  the  trundle  d,  the  spindle  of 
which  carries  the  upper  mill-stone.  If  the  number  of  the  teeth  in  tne  wheel 
c  be  six  times  the  number  of  the  cogs  in  the  trundle  d,  then  the  labourer,  by 
making  ten  pulb  at  the  lever  A  /  in  a  minute,  will  give  sixty  revolutions  to  the 
upper  mill-stone  in  the  same  space  of  time. 

We  have  given  insertion  to  this  "  rowing-mill,"  as  it  is  termed,  on  account 
of  the  great  praise  bestowed  upon  it  by  succeeding  eminent  writers ;  but  we 
cannot  regara  it  as  a  very  judicious  mode  of  carrying  the  principle  into  effect, 
for  two  reasons ; — Fint^  the  large  wheel  making  but  ten  revolutions  per  minute, 
will  not  become  a  very  efficient  regulator  of  power ;  if  fixed  upon  the  first 
notion,  it  must  be  made  inconveniently  large  or  weighty  to  collect  the  requisite 
force  to  he  usefuL     If  a  fly-wheel  be  used  at  all,  it  should  be  put  on  the  axis 
of  the  trundle  </,  where  the  velocity  is  six  times  greater  ;  the  increased 
nomentum  it  would  here  acquire,  would  far  more  than  compensate  for  the 
small  loss  of  efiect  by  its  removal  farther  from  the  motive  force.    But  we  doubt 
much  the  use  of  a  fly-wheel  at  all  in  the  present  case,  because  a  heavy  mill- 
atone  is  put  into  operation ;  and  that  is,  in  effect,  a  far  more  efficacious  fly- 
wheel than  the  above  described.    Second,  because  we  think  tlie  inventor  has 
imitated  the  defectt  as  well  as  the  advantages  of  the  rowing  action.     In  this 
mill  the  workman  is  supposed  to  pull  the  lever  A/  through  the  arc  of  a  circle 
i  Jk;  and  this  indirect  action,  it  will  be  noticed,  is  performed  in  a  horizontal 
plane,  by  which  a  contortion  of  the  man's  body  results  that  must  be  unfavour- 
able to  his  health,  and  the  most  efficient  exercise  of  his  strength.    To  avoid 
diese  defects  in  the  rowiag^miil,  we  propose  the  following  simplified,  and,  we 
tnist,  improved  arrangement    a  represents  a  seat  for  one  or  two  men ;  6  a 
board  to  press  their  feet  against  in  puUine  back  by  the  cross  handle  c,  which  is 
eonnectea  to  a  rod  d  that  slides  straight  through  brasses  fixed  in  a  standard  e  ; 
at  /  18  a  hinge  joint,  which  permits  the  connecting  rod  g  to  vibrate  with  the 
revolution  of  the  crank  A,  whoae  axis  actuates  the  wheel  f,  the  pinion  or 
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trundle  f',  on  the  azit  k  of  which,  it  fixed  the  numer-ttone  I,  serving  eleo  the 
office  of  a  fly-wheeL  In  applying  the  labour  of  more  men  to  an  apparatus  of 
this  kind,  there  would  be  some  advantage  in  placing  them  opposite  to  each 
other,  ap  that  a  pull  diould  be  made  each  way.    For  Uiis  purpose  the  rod  i2tf 
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miffht  be  lengthened,  another  seat  be  placed  on  the  other  side  of  the  standard  e, 
ana  another  cross  handle  between  d  and/;  the  men  sitting  here  on  each  aide 
of  the  rod  d. 

Having  now  explained  what  is  deemed  the  most  advantageous  application  of 
manual  labour  to  mills,  and  the  undefined  nature  of  the  term  whicn  heads  diis 
article,  we  refer  the  reader  for  more  information  on  the  subject,  and  that  of  mills 
generally,  to  the  article  Mill. 

HANDSPIKE.  A  name  given  to  a  simple  lever  consisting  of  a  her  of  wood 
or  iron,  chiefly  used  on  board  ship  for  heaving  round  the  windlass. 

HARBOUR.  A  place  where  ships  may  he  at  anchor,  secure  firom  storms. 
The  principal  qualities  of  a  good  harbour  are,  sufficient  depth  of  water  to  float 
the  larp^est  ships,  and  sufficient  breadth  and  depth  for  them  to  enter  with  facility, 
and  without  danger  of  foundering.  The  ground  should  be  firm,  and  free  from 
rocks.  It  is  desirable  that  they  be  surrounded  by  lofty  hills  or  mountains,  to 
screen  them  from  high  winds,  and  the  better  if  so  far  inland  as  to  derive  there- 
from increased  security  against  being  bombarded  by  an  enemy  at  sea.  They 
should  also  be  provided  with  a  good  light-house  to  direct  ships  at  night,  and 
with  numerous  buoys,  posts,  moorings,  &c  Harbours  are  sometimes  formed 
artificially,  either  wholly  or  partially,  by  the  building  of  moles,  breakwaters, 
piers,  and  sometimes  by  large  floating  masses  of  timber,  which  rise  and  fidl 
with  the  tide.     See  the  articles  Buor,  Beeakwater,  and  Caisson. 

HARDNESS.  The  resistance  opposed  by  a  body  to  the  separation  of  its  par- 
ticles. This  property  depends  on  the  force  of  cohesion,  or  on  that  which 
chemists  call  affinity,  joined  to  the  arrangement  of  the  particles  to  their  figure, 
and  other  circumstances.  The  difierenoes  between  hard  bodies,  such  as  aro 
soft,  and  such  as  are  elastic,  have  been  thus  defined.  The  soft  body  yields  to 
pressure  without  spontaneously  returning  to  its  previous  form  on  taking  off  the 
pressure ;  the  elastic  body  returns  to  its  original  form  upon  removing  uie  fbtoe 
applied;  while  that  which  is  strictly  hard  breaks  asunder  when  overcome  by  the 
force  brought  against  it  It  is,  however,  justly  doubted  whether  Uiere  is  anr 
body  in  nature  that  is  perfectly  hard,  perfectly  soft,  or  perfectly  elastic ;  for  aU 
bodies  seem  to  possess  these  three  qualities,  though  in  proportions  indefinitely 
various. 

HARDENING  and  CASE-HARDENING.    See  Iron  and  Stbbl. 
HARMONICA.    The  name  given  to  a  musical  instrument  invented  hy 
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Dr.  Franklin,  in  wbicb  the  tolies  are  produced  by  friction  against  tbe  edges  of  a 
series  of  classes.  Tbe  glasses  are  blown  as  near  as  possible  into  the  form  of  bemi- 
spheres,  having  each  an  open  neck  w  socket  in  toe  middle.    The  thickness  oi 
the  glass  near  the  brim  is  about  one-tenth  of  an  inch,  but  thicker  as  it  comes 
nearer  the  neck,  which,  in  the  largest  glasses,  is  about  an  inch  deep,  and  an 
inch  and  a  half  wide  within ;  these  dimensions  lessening  as  the  classes  them- 
selves diminish  in  size,  except  that  the  neck  of  the  smallest  ou«)t  not  to  be 
shorter  than  half  an  inch.    The  largest  glass  is  nine  inches  in  diameter,  and 
the  smallest  three  inches.    Between  these  there  are  twenty-three  di0erent 
sizes,  differing  from  each  other  a  quarter  of  an  inch  in  diameter.    The  classes 
being  chosen,  and  every  one  marked  with  a  diamond  the  note  for  which  it  is 
intended,,  thev  are  to  be  tuned  by  diminishing  the  thickness  of  those  that  are 
too  sharp.    This  is  done  by  grindine  them  round  from  the  neck  towards  tbe 
brim,  the  breadth  of  one  or  two  inches,  as  may  be  required,  often  trying  the 
glass  by  a  well-tuned  piano-forte  or  harpsichord.     The  largest  glass  in  the 
wstrument  is  C,  a  little  below  the  reach  of  a  common  voice,  and  the  highest  G, 
including  three  complete  octaves ;  and  they  are  distinguished  by  painting  the 
apparent  parts  of  the  glasses  within  side,  every  semitone  white,  and  the  other 
notes  of  the  octave  with  the  seven  prismatic  colours ;  so  that  glasses  of  the 
same  colour  (the  white  excepted)  are  always  octaves  to  each  other.  The  glasses 
being  tuned,  they  are  to  be  nxed  on  a  round  spindle  of  hard  iron,  an  inch  in 
diameter  at  the  thickestend,  and  tapering  to  a  quarter  of  an  inch  at  the  smallest. 
For  this  purpose  die  neck  of  each  glass  is  fitted  with  a  cork,  projecting  a  little 
without  tne  neck ;  these  corks  are  perforated  with  holes  of  different  diameters, 
accordii^  to  the  dimensions  of  the  spindle  in  that  part  of  it  where  they  are  to  be 
fixed.    The  glasses  are  all  placed  one  within  another,  the  largest  on  the  biggest 
end  of  the  spindle,  with  the  neck  outwards ;  the  next  in  size  is  put  into  the 
other,  leaving  about  an  inch  of  its  brim  above  the  brim  of  the  first ;  and  the 
others  are  put  on  in  the  same,  order.    From  these  exposed  parts  of  each  glass 
the  tone  is  drawn  by  laying  a  finger  upon  one  of  them  as  the  spindle  and  classes 
turn  round.    The  spindle  thus  prepared  is  fixed  horizontally  m  the  middle  of  a 
box,  and  made  to  turn  on  brass  gudgeons  at  each  end.    A  square  shank  comes 
from  its  thickest  end  through  the  box,  on  which  shank  a  fly-wheel,  to  equalize 
the  motion,  is  fixed.    Tms  wheel  is  made  of  mahogany,  eighteen  inches  in 
diameter,  and  pretty  thick,  to  conceal  near  its  circumference  about  25lbs.  of 
lead.    An  ivory  pin  is  fixed  to  the  face  of  this  about  four  inches  from  the  axis, 
and  over  the  neck  of  this  pin  i»  put  the  loop  of  a  string  from  a  treadle,  by  which 
the  machine  b  put  in  motion.    The  whole  is  put  in  a  neat  case,  and  stands  on 
a  frame  with  four  legs.    The  case  is  three  feet  long;  eleven  inches  wide  at  the 
largest  end,  and  five  at  the  smallest ;  it  is  made  with  a  lid,  which  opens  at  the 
middle  of  its  height,  and  turns  up  by  back  hinces :  the  instrument  is  played 
upon  by  sitting  before  the  middle  of  the  set  of  glasses,  turning  them  with  .the 
foot,  and  wetting  them  now  and  then  with  a  sponge  and  clean  water.    The  fin- 

gers  should  be  first  a  little  soaked  in  water,  and  quite  fine  from  greasiness ;  a 
tde  fine  chalk  is  sometimes  useful  to  make  them  catch  the  glass,  and  bring  out 
the  tone  more  readily.  Both  hands  are  used,  by  which  means  different  parts 
are  played  together.  "  The  advantages  of  this  instrument  are,"  says  Dr. 
Franklin,  *'  that  its  tones  are  incomparably  sweet  beyond  those  of  any  other ; 
that  they  may  be  swelled  and  softened  at  pleasure  by  stronger  or  weaker  pres- 
sures of  the  nnger,  and  continued  to  any  length,  and  that  the  instrument  being 
once  well  tuned,  never  again  wants  tuning." 

HARNESS.  The  furniture  and  equipments  of  horses,  to  adapt  them  for 
drawing  carriaces,  and  for  being  driven,  guided,- and  controlled.  The  Gon« 
stituent  parts  of  harness  are  noticed  under  uieir  separate  beads.  See  Collar, 
Saddle,  Caeriaob,  &c 

H  ARP.  A  stringed  instrument,  consisting  of  a  triangular  frame,  the  chords  of 
which  are  distended  in  a  parallel  d]recti<m  from  the  upper  parts,  to  one  of  its  sides. 

HARPOON,  or  Harpimo-iron.  A  javelin  used  to  pierce  whales,  in  the 
Greenland  and  South  Sea  fisheries.  It  baa  a  broad,  flat,  triangular,  barbed 
bead,  wc^  sharpened^  to  penetrate  easily,  and  a  shank  about  two  feet  long,  to 
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the  eztremitv  of  which  is  fastened  a  long  line,  which  lies  euMQj  coiled  in  the 
hoat,  in  sucn  a  manner  that  it  may  run  out  easily,  and  without  entangling. 
As  soon  as  the  boat  has  come  within  a  competent  distance  of  the  whale,  the 
harpooner  launches  his  instrument,  and  the  fish,  immediately  he  is  wounded, 
descends  with  amazing  n^idity,  carrying  the  harpoon  along  with  him,  and  a 
considerable  length  of  the  line,  which  is  ]>urpofely  let  down  to  give  him  room 
to  dive.  Being  soon  exhausted  with  the  fati^e  and  loss  of  blood,  he  re-aaoends, 
in  order  to  breathe,  where  he  presently  expires,  and  floats  upon  the  sarfue  of 
the  water;  when  they  approach  the  carcase  by  drawing  in  the  whale  line. 
This  line  is  from  sixty  to  seventy  fathoms  long,  and  made  of  the  finest  and 
softest  hemp,  that  it  may  slip  easily.  To  prevent  the  boat  taking  fixe  by  the 
friction  of  the  line  against  it,  it  is  constantly  watered  as  it  passes  out.  The 
harpoon  is  also  employed  to  catch  sturgeons,  and  other  large  fish.  About  a 
century  aco,  guns  were  tried  for  discharging  harpoons,  on  the  presumption  that 
ihey  could  strike  the  whales  at  greater  distances  than  by  hand.  They  were 
tried  for  several  seasons,  but  their  employment  has  been  ever  since  abandoned. 

HARPSICHORD.  A  stringed  instrument  contained  in  a  large  case  of 
wood,  having  a  double  or  treble  row  of  distended  strings,  of  brass  and  steel 
wires,  supported  by  bridges.  It  ii  played  upon  similarly  to  the  piano-forte,  but 
instead  of  hammers  covered  with  leather,  the  tone  u  produced  by  little  upright 
pieces  of  wood,  called  jacks,  furnished  with  nieces  of  crow-quill,  which  strike 
the  wires.    The  piano-iorte  has  now  almost  wholly  superseded  the  harpsichord. 

HARROW.  An  agricultural  implement,  used  for  raking  and  leveUing  the 
earth.  There  are  two  principal  distinctions;  namely,  the  common,  and; the 
jointed  chain  harrow.  The  common  harrow  is  usually  made  by  firaming  to^ 
ther  a  number  of  stout  parallel  bars,  by  means  of  the  like  number  of  similar 
bars,  equidistant,  and  crossing  the  others  at  right  angles,  thus  leaving 
uniform  square  spaces  between  them.  To  strenguien  this  frame^  a  bar  is 
fixed  diagonally  across  them.  The  spikes  or  tangs,  which  are  made  from 
four  to  twelve  inches  in  length,  (according  to  the  nature  of  the  soily  or  work 
to  be  performed,)  are  fixed  to  this  frame  either  by  nuts  and  screws,  or  by  livet- 
ting  them  down  upon  iron  washers,  after  passing  them  through  the  wood.  The 
frame  of  course  lies  flatways  upon  the  ground,  with  the  tangs  to  the  ground, 
and  it  ii  drawn  across  the  field  oy  cattle  yoked  to  a  chain  fastened  to  one  comer 
of  the  harrow.  The  chain  or  screw  harrow  ii  made  to  divide  diagonally  into 
two  parts,  thus  forming,  as  it  were,  two  triangular  harrows,  which  are'  hooked 
and  chained  together.  This  contrivance  adapts  itself  better  to  the  ridges  and  other 
inequalities  of  the  grodnd.  Somedmes,  in  lieu  of  this,  two  common  harrows 
are  chained  together,  and  applied  to  effect  the  same  object. 

HARTSHORN  SHAVINGS.  These  shavings,  although  originally  taken  from 
the  horns  of  stags,  or  harts,  which  are  a  species  of  bone,  are  now  obtained 
chiefly  by  shaving  down  with  a  plane  the  bones  of  calves.  They  afford  a 
nutritious  and  speedily  formed  jelly. 

HARTSHORN,  (Spirit  of,)  is  now  usually  obtained  by  the  distillation  of 
bones,  hoofs,  horns,  and  in  general  the  refuse  of  slaughter-booses.    An  iron 
•till  or  retort  is  generally  used  with  a  pipe  leading  from  it  into  a  worm  con- 
denser.   The  retort  is  fiUed  with  bones  roughly  broken,  or  other  materii^s,  and 
a  strong  heat  applied.  Water,  and  a  tar-like  oil,  accompanied  with  a  fcetid  inflam- 
mable gas,  result;  carbonic  acid  also  comes  over,  but  thu  is  mostly  taken  up 
by  the  ammonia,  which  is  formed  at  the  same  time,  and  received  in  the  state  of 
carbonate  of  ammonia.    When  the  different  substances  have  been  condensed  in 
the  worm,  they  should  pass  into  a  receiver,  which  has  no  communication  with 
the  open  atmosphere,  (on  account  of  the  overpowering  nuisance  of  its  odour,) 
but  which  should  have  a  pipe  inserted  into  the  upper  part  of  it,  and  connected 
with  the  ash-pit  of  the  still.    The  inflammable  gas  and  the  smell  are  conveyed 
to  the  fire,  where  the  former  iguites ;  but  care  must  be  taken  to  avoid  any 
explosion,  for  when  the  evolution  of  the  inflammable  gas  becomes  slow, 
or  ceases  entirely,   the  common  air  passes  along  the  pipe  into .  the   dose 
receiver,  which  is  filled  with  the  same  inflammable  gas ;  and,  under  these  dr- 
ums tances,  an  explosion  will  take  place,  which  viU  not  only  burst  the  recdveri 
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but  do  other  injury.  This  evU,  Mr.  Gray  observes,  may  be  avoided  by  placing 
a  valve  in  the  pipe  opening  outwards,  to  allow  the  passage  of  the  gas ;  and 
another  valve  into  the  receiver,  opening  inwards ;  by  this  means  the  flaming  gas 
will  be  stopped  in  its  passage  to  the  receiver ;  as  the  valve  into  the  receiver  open- 
ing, will  admit  the  common  air  to  fill  up  the  vacuum.  Thus,  by  means  of  this 
apparatus,  if  it  be  well  constructed,  and  proper  luting  be  employed,  the  distilla- 
tion of  hartshorn  may  be  carried  on  almost  without  any  smell,  although  the 
odour  of  animal  oil  is  so  remarkably  offensive.  The  first  product  consists  of 
water,  animal  tar,  and  volatile  salt  A  great  part  of  the  tarry  oil  may  be  sepa- 
rated mechanically ;  the^  rest,  in  a  great  measure,  by  a  second  distillation  with 
a  gentle  heat  The  liquid  which  comes  over  consists  of  a  solution  of  sesqui-car- 
bonate  of  ammonia,  with  a  fetid  animal  oil,  which  gives  it  a  peculiar  odour. 
This  liquid  is  still  sold  in  the  shops  under  the  name  of  spirit  of  hartshorn,  ai 
the  alkaline  liquor  obtained  from  that  substance  was  at  one  time  thought  to 
possess  certain  medical  virtues,  o6t  to  be  found  in  the  alkaline  liquor  obtained 
from  other  animal  matters. 

HATS.  A  well-known  covering  for  the  head,  and  distinguished  from  a  cap 
or  bonnet  by  a  brim.  They  are  made  by  various  methods,  according  to  the 
nature  of  the  substance  of  which  they  are  composed ;  but  by  far  the  greatest 
number  are  formed  of  the  fur  of  different  animals,  bv  a  process  edled  felting : 
this  manufacture  has  of  late  years  become  of  considerable  commercial  impor- 
tance, and  numerous  improvements  have  been  introduced  into  it  The  materials 
for  making  hats  are  chiefly  rabbits'  fur,  cut  off  from  the  skin,  together  with 
wool  and  beaver,  to  which  may  also  be  added  mole  fur,  and  kid  hair.  These 
are  mixed  in  various  proportions,  and  of  different  qualities,  according  to  the 
value  of  the  hats  intended  to  be  made ;  but  the  beaver  is  now  wholly  used  for 
facing  the  finer  hats,  and  not  for  the  main  bodv  or  stuff.  The  first  process  in 
the  manufacture  of  hats  is  termed  howing^  which  has  for  its  object  to  separate 
the  fibres,  and  break  up  any  clots,  so  as  to  form  the  whole  into  a  kind  or  light 
down :  it  is  performea  as  follows — the  workman  is  provided  with  a  pole  of  ash, 
or  white  deal,  about  seven  feet  long,  having  a  bridge  at  each  end,  over  which  is 
stretched  a  catgut  about  A  of  an  inch  thick ;  and  a  portion  of  the  material  being 
laid  upon  a  hurdle  of  wire,  he  holding  the  bow  horizontally  in  his  left  han{ 
nearly  in  contact  with  the  material,  gives  the  string  a  pluck  with  a  wooden  pin, 
held  m  his  right  hand.  The  string,  in  its  return,  strikes  the  fur,  and  causes  it  to 
spring  up  in  the  air,  and  taXL  in  a  light  open  form,  at  a  little  distance  from  the 
mass,  oy  repeated  strokes,  the  whole  is  subjected  to  the  bow ;  and  having  thus 
fallen  together  in  all  directions,  it  forms  a  thin  mass  or  substance  for  the  felt 
The  quantity  thus  treated  at  once  is  called  a  haU^  and  never  exceeds  half  the 
quantity  required  to  make  one  hat 

When  the  batt  Is  sufficientlv  bowed,  it  is  ready  for  hardening^  which  is  the 
term  for  the  commencement  of  the  felting.  The  prepared  material  being  evenly 
disposed  on  the  hurdle,  is  covered  with  a  linen  cloth,  and  pressed  backwards  and 
forwards  in  its  various  parts  bv  the  hands  of  the  workman.  The  pressure  is  gentle, 
and  the  hands  are  very  slightly  moved  backwards  and  forwards,  at  the  same 
time,  through  a  space  of  perhaps  a  quarter  of  an  inch,  to  favour  the  hardening 
entangling  of  the  fibres.  In  a  very  short  time,  the  stuff  acquires  sufficient 
firmness  to  bear  carefully  handling.  The  cloth  is  then  taken  off,  and  a  sheet 
of  paper,  with  its  corners  doubled  in,  lo^as  to  give  it  a  triangular  outline,  b  laid 
upon  the  batt,  which  last  is  folded  over  the  paper  m  it  lies,  and  its  edges, 
meeting  one  over  the  other,  form  a  conical  cap.  The  joining  is  soon  made  gM>d, 
by  pressure  with  the  hands  on  the  clolh.  Another  batt  ready  hardened  is  in 
the  next  place  laid  on  the  hurdle,  and  the  cap  here  mentioned  placed  upon  it 
with  the  joining  downwards.  This  last  batt  being  also  folded  up,  will  have  its 
place  of  junction  diametrically  opposite  that  of  the  inner  felt,  which  it  must 
therefore  greatly  help  to  strengthen.  The  principal  part  of  the  intended  hat  is 
thus  put  together,  and  now  requires  to  be  worked  witn  the  hands  a  considerable 
time  upon  ue  hurdle,  the  cloth  being  also  occasionallv  sprinkled  with  clear  water. 
During  the  whole  of  this  operation,  which  is  called  basoning,  the  felt  becomes 
firmer  and  firmer,  and  contracts  in  its  dimensions.    The  use  of  the  paper  is  to 
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preyent  the  tides  from  feltlne  toother.    The  hasoninff  ii  followed  by  a'ttffl 
more  efiectiial  condnoation  of  felting^  called  worhmg^  which  consists  in  plunginf 
them  into  a  cauldron  containing  water  slightlpr  acidulated  with  sulphuric  acid,  and 
then  working  them  upon  some  planks  formmg  the  frustnim  of  a  cone,  meeting 
in  the  cauldron  at  the  middle.    The  imperfections  of  the  felting  now  appear ; 
and  the  workman  picks  out  the  knots  and  other  hard  suhstances  with  a  bodkin, 
and  adds  more  fur  upon  all  such  parts  as  require  strengthening.    This  added 
fiir  is  patted  down  with  a  wet  orush,  and  soon  incor[>orates  with  the  rest 
Towards  Uie  close  of  this  working,  the  beaver  for  the  nan  is  laid  on.    By  these 
means,  the  substance  of  the  hat  is  formed  into  a  felt  of  close  texture,  pliable,  and 
capable  of  extension  (although  with  difficulty),  in  every  direction,  but  the  figure 
is  still  conical ;  Uie  next  thing  to  be  done,  therefore,  is  to  give  it  the  required  shape. 
For  this  purpose  the  workman  turns  up  the  edge  or  brim  to  the  depth  of  about 
an  inch  and  a  half,  and  then  returns  the  point  back  again  through  the  centre 
or  axis  of  the  cap,  so  far  as  not  to  take  out  this  fold,  but  to  produce  another 
inner  fold  of  the  same  depth.    The  point  heine  returned  again  produces  a 
third  fold,  and  thus  the  workman  proceeds  until  the  whole  has  acquired  the 
appearance  of  a  flat  cbrcular  piece,  consisting  of  a  number  of  concentric  folds 
or  undulations  with  the  noint  in  the  centre :  Oiis  is  laid  unon  the  plank,  where 
the  workman,  keeping  tne  piece  wet  with  the  liquor,  puils  out  the  point  with 
his  fingers,  and  presses  it  down  with  his  hands,  at  the  same  time  turning  it 
round  on  its  centre  in  contact  with  the  plank  until  he  has  by  this  means  rubbed 
out  a  flat  portion  equal  to  the  intended  crown  of  the  hat  In  the  next  place  he 
takes  a  block,  to  the  crown  of  which  he  applies  the  flat  central  portion  of  the 
felt,  and  by  forcing  a  string  down  the  sides  of  the  block,  causes  the  next  part 
to  anume  the  figure  of  the  crown,  which  he  continues  to  wet  and  work  until  it  has 
properly  disposed  itself  around  the  block.  The  brim  now  appears  like  a  puckered 
or  flounced  appendage  round  the  edge  of  the  crown ;  but  the  block  being  set  upright 
on  the  plank,  the  reouisite  figure  is  soon  given  by  working,  rubbing,  and  extendmg 
this  part  Water  only  is  used  in  this  operation  of  blocking  or  fashioning ;  at  the 
'conclusion  of  which  it  is  pressed  out  by  the  blunt  edge  of  a  copper  implement 
called  a  tUmper^     Previous  to  the  dying,  the  nap  of  the  hat  is  raised  or 
loosened  out  with  a  wire-brush  or  carding  instrument  The  fibres  are  too  rotten 
afte];the  dying  to  bear  this  operation.    The  dying  materials  are  logwood,  a 
little  oak  bark,  and  a  mixture  of  the  sulphate  of  iron  and  of  copper,  known  in 
the  marts  by  the  common  name  of  green  copperas  and  blue  vitrioL    The  hats 
•re  boiled  with  the  logwood,  and  afterwards  inunersed  in  the  same  solution,   llie 
dyed  hats  are,  in  the  next  place,  taken  to  the  stifiening  shop.    One  workman, 
assisted  by  a  boy,  does  this  part  of  the  business ;  he  has  two  vessels  or  boilers, 
one  containing  the  grounds  of  strong  beer,  and  the  other  containing  melted 
glue,  a  little  thinner  than  what  is  used  by  carpenters.    The  beer  grounds  are 
applied  in  the  inside  of  the  crown  to  prevent  the  glue  from  coming  thxtnigh  to 
the  fitce,  and  also  to  give  the  requisite  firmness,  at  a  less  expense  than  could 
be  produced  by  glue  alone.    The  glue  stifiening  is  therefore  applied  sdfter  the 
beer  grounds  are  dried,  and  then  only  upon  the  lower  face  of  ue  brim  and  the 
inside  of  the  crown.    The  dry  hat,  after  this  operation,  is  always  rigid,  and  iu 
figure  irreeular.    The  last  dressing  is  given  by  application  of  moisture  and 
heat,  and  tne  use  of  ihe  brush,  and  a  hot  iron,  as  heunre  mentioned,  somewhat 
in  the  shape  of  that  used  by  tailors,  but  shorter  and  broader  on  the  &ce.    The 
hat  being  softened  by  exposure  to  steam,  is  drawn  upon  a  block,  to  which  it  is 
securely  applied  by  the  former  method  of  forcing  a  string  down  from  the 
crown  to  tne  commencement  of  the  brim.    The  judgment  of  Uie  workman  is 
employed  in  moistening,  brushing,  and  ironing  the  hat,  in  order  to  give  and 
preserve  the  proper  figure.    Before  the  hat  is  quite  finished,  the  brims  are  cot 
Dy  a  knife  att^hed  to  a  radius  rod  so  as  to  describe  a  circle ;  the  cut  is  not 
carried  entirely  through,  so  that  one  of  the  last  operations  consists  in  tearing  off 
the  redundant  part,  which,  by  that  means,  leaves  an  edging  of  beaver  round 
the  external  &oe  of  the  brim.    When  the  hat  is  thusfiniAed,  the  crown  is  ti^d 
ttp  m  gauiee  paper,  which  is  neatly  ironed  down,  and  it  is  then  ready  ibr  the 
subeeqaent  cperationB  of  lining,  &c.  for  sale. 
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In  tliat  ably  conducted  work,  Nicholson' a  Journal^  Vol.  IV.  4to,  are  several 
suggestions  for  effecting  many  of  the  foregoing  operations  by  machinery. 
Amongst  other  subjects  proposed  for  inquiry  are  the  following: — whether 
carding,  which  is  rapidly  and  mechanically  done,  be  inferior  to  bowing ;  whether 
a  succession  of  batts  or  carding  might  be  thrown  on  a  fluted  cone,  which  rapidly 
revolving  in  contact  with  three  or  more  cylinders,  might  perform  the  hardening 
and  even  the  working  with  much  more  precision  and  speed  than  they  are  now 
done  by  hand ;  and  whether  blocking  or  shaping  be  not  a  process  extremely 
weU  calculated  for  the  operation  of  one  or  more  machines.  These  ingenious 
suggestions  have  recently  been  in  some  measure  acted  upon. 

In  1826  Mr.  G.  Borradaile  obtained  a  patent  for  an  apparatus  for  the  making 
or  setting  up  of  hat  bodies,  as  it  is  termed,  in  which  several  cones  or  firustrums 
of  cones  are  made  to  revolve  upon  their  axes ;  and  the  frames  in  which  these 


cones  act  being  made  to  vibrate  horizontally  on  a  fixed  pivot  and  swivel,  the 
filaments  of  wool  are  caused  to  traverse  each  other  diagonally,  as  they  are 
wound  upon  a  double  cone,  and  by  that  means  to  produce  a  matted  substance, 
which  is  afterwards  to  be  wetted,  shrunk,  and  felted  together  in  the  usual 
manner.  The  bodies  of  two  hats,  each  of  a  conical  figure,  are  thus  made  over 
the  surface  of  a  double  cone,  which  are  separated  by  cutting  them  along  their 
middle  or  base  line,  and  slipping  them  on  at  the  end.  a  a  in  the  diagram, 
represents  this  double  conical  block,  and  h  b  two  conical  rollers,  of  which  tbero 
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are  two  more  on  the  opposite  side  of  the  machine,  not  seen  in  this  view.  The 
axes  of  these  four  rollers  are  placed  in  such  an  inclined  position  as  to  admit  the 
douhle  cone  a  a  to  bear  equally  upon  them.  The  two  front  cones  b  b  hare 
fixed  upon  their  bases  two  bevelled  toothed  wheels,  which  gear  into  one  another 
as  shown ;  and  rotary  motion  is  given  to  both  by  the  teeth  of  one  of  them 
taking  into  a  bevelled  tooth  and  pinion  that  revolves  upon  a  vertical  spindle,  to 
which  motion  is  communicated  by  a  band  and  rigger.  The  large  double  cone 
aOf  therefore,  is  made  to  revolve  slowly  by  the  friction  of  its  surSice  against  the 
four  conical  rollers  underneath.  The  tliver  of  wool  being  conducted  from  the 
doffer  of  a  carding  engine,  placed  behind  the .  machine,  to  the  upper  side  of 
the  double  cone  aoy  and  the  cones  bb  beinff  made  to  revolve  as  before 
described,  causes  tibe  sliver  of  wool  to  be  wound  round  the  periphery  of  a  a  in 
an  uniform  layer.  In  order  to  give  a  diagonal  crossing  to  the  filaments,  as 
they  are  wound  upon  the  double  cone,  the  machine  is  made  to  turn  partly 
round  horizontally  upon  the  pivot  k  in  front,  and  upon  a  swivel  joint  /  at  top, 
to  which  the  back  piut  of  the  machine  is  attached  by  a  bent  rod  m  m,  the  form 
of  which  bent  rod  is  explained  by  the  separate  I^.  2.  The  gearing,  by  which 
the  vibrating  motion  of  the  machine  is  effected,  is  not  brought  into  view  in  the 
figure,  as  it  could  not  be  distinctly  exhibited ;  but  it  may  be  easily  compre- 
hended that  a  rotary  crank  and  lever  will  effect  this  movement  The  plan 
above  described,  it  will  be  seen,  very  closely  resembles  that  suggested  by 
Mr.  Nicholson  for  preparing  the  bodies  of  hats ;  that  which  we  are  about  to 
describe  as  nearly  resembles  his  plan  for  finishing  them. 

Mr.  Ollerenshaw,  of  Manchester,  about  the  year  1824,  took  out  a  patent  for 
a  machine  for  assisting  in  the  dressing  and  finishing  of  beaver  or  felt  hats,  by 
which  the  ordinary  labour  in  those  operations  is  materially  reduced,  and  the 
work  is  completed  in  much  less  time.  It  is  constructed  on  the  principle  of  the 
lathe,  and  the  apparatus  consists  of  three  principal  parts  or  lathes,  which  are 
all  fixed  in  one  strong  frame,  and  motion  is  given  to  them  by  means  of  a  band 
passing  from  anv  first  mover,  (as  a  steam-engine,  water-wheel,  &c.  &c.)  The 
first  of  these  lathes  is  constructed  the  same  as  the  common  wood-turner's  lathe, 
and  is  used  for  the  purpose  of  ironing  or  dressing  the  sides  of  the  crown ;  the 
block  upon  which  the  hat  is  fixed  is  made  to  fit  on  the  chuck  of  the  lathe,  and 
as  the  nat  revolves,  the  hot  iron  is  applied  to  the  surface  by  the  worbnan, 
which  quickly  smooths  the  hat,  giving  it  the  usual  glossy  appearance;  the 
velvet  cushion,  and  the  various  brushes  hatters  use,  are  likewise  appliedt  *9 
may  be  required,  while  it  is  thus  revolving,  till  that  part  of  the  hat  is  finished, 
when  it  is  removed  and  placed  upon  the  block  of  the  next  lathe.  This  second 
lathe  is  constructed  with  a  vertical  shaft,  so  as  to  produce  a  horizontal  rotary 
motion  to  the  hat,  which  is  better  suited  for  operating  upon  the  flat  part  of 
the  crown,  and  the  upper  side  of  the  brim,  than  a  vertical  motion.  Tne  hat 
having  undergone  the  usual  manipulations  in  the  second  lathe,  is  removed  to 
the  third,  where  it  is  introduced,  m  an  inverted  position,  into  a  frame  made  to 
receive  it,  which  turns  round  very  slowly  in  a  horizontal  direction  (the  axis 
bein^  vertical) ;  here  the  workmen  smooth  the  under  side  of  the  brim,  by 
drawing  the  iron  across  it  from  the  centre  outwards.  The  hat  next  undergoes 
the  usual  examinations,  and  pickings-out  of  the  extraneous  and  coarse  hairs ; 
after  this,  it  is  again  subjected  to  the  former  operations  of  ironing  and  brushing, 
which  finishes  it. 

HATCH,  and  HATCHWAY.  Hatchway  is  the  squaK  or  oblong  opening 
through  a  ship's  deck ;  and  the  cover  to  it  is  the  hatch,  which  is  sometimes  pro- 
vided with  a  grating,  to  admit  light  and  ait  beneath. 
HATCHET.  A  small  axe  used  with  only  one  hand.  See  Axe. 
HATCHING.  The  production  of  chickens,  or  other  animals,  alive,  from 
eg^s,  whether  by  incubation  of  the  parent,  or  bv  artificial  heat.  Under  the 
article  Eoos,  we  have  described  the  mode  of  hatching  chickens  by  the  heat  of 
ovens.  In  the  next  article  we  shall  notice  the  important  art  of  hatching  fish, 
which  is  practised  with  much  success  in  China. 

HATCHING  OF  FISH.    The  Chinese  hatch  the  spawn  offish,  by  collect- 
ing it  on  the  margin  and  surface  of  the  water,  and  then  filling  the  shell  of  a 
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newly  laid  egg  with  the  gelatinous  matter  that  contains  the  spawn.  The  hole 
in  the  eg^  is  waxed  over,  and  it  is  put  under  a  sitting  hen.  At  the  expiration 
of  a  certain  number  of  days,  they  break  the  shell  in  water  warmed  by  Uie  sun. 
The  young  fry  are  presently  hatched,  and  are  kept  in  pure  fresh  water  till  they 
are  large  enough  to  be  thrown  into  the  pond  with  the  old  fish.  The  sale  of 
spawn  for  this  purpoee  forms  an  important  article  of  trade  in  China. 

HATCHMENT.  The  coat  of  arms  of  a  dead  person,  usually  placed  in  the 
front  of  the  house. 

HAUTBOY.  A  musical  instrument  provided  with  keys  like  a  flute,  but 
blown  by  a  reed  at  one  end,  and. spreading  out  conicailv  towards  the  other  end. 

HAY.  Grass  dried  in  the  sunshine.  The  risk  of  this  operation  being  suc- 
cessfully completed,  owing  to  unfavourable  changes  in  the  weather,  is  well 
known ;  and  tne  loss  to  the  farmer  in  consequence  of  long  continued  rains  and 
floods,  after  the  grass  is  cut,  is  sometimes  very  severe.  It  has  occurred  to  us 
that  a  remedy  for  so  serious  an  evil  might  be  found,  in  providing  some 
simple  temporary  erections  in  the  hay  field,  the  cost  of  which  would  be  (ax  less 
than  the  value  of  the  crop  saved.  Four  posts,  or  hop  poles,  might  be  fixed  in 
the  ffround,  so  as  to  form  a  quadrangle,  with  one  in  the  middle,  of  greater 
height,  as  a  central  support,  and  to  form  the  apex  of  a  conical  top  or  roof.  At 
about  a  foot  from  the  ground,  some  very  coarse  netting  might  be  stretched 
horizontally  from  pole  to  pole,  and  thereto  tied ;  a  quantity  of  the  green  hay 
might  be  thrown  lightiy  upon  tiiis.  Then,  above  this  layer,  a  second  floor  of 
net  work  might  be  laid,  with  a  sufiicient  space  underneath  for  the  firee  passage 
of  the  air,  and  upon  it  a  second  stratum  of  the  wet  hay  maybe  thrown ;  proceeding 
in  this  manner,  tier  above  tier,  as  hi^h  as  may  be  convenient ;  which,  by  the 
assistance  of  a  waggon  as  a  stage,  mignt  easily  be  raised  to  twelve  feet,  and  be 
covered  either  by  a  tarpaulin,  or  a  conical  top  of  hay.  In  erections  of  this 
kind,  the  hay  would  thoroughly  dry,  and  the  materials  of  which  they  are  formed 
would  last  many  years,  might  easily  be  stowed  away,  and  be  useful  for  other  pur- 
poses. The  coarse  nettine  in  which  woollen  rags  are  packed,  made  of  the  tarred 
strands  of  old  cables,  would  be  very  cheap,  strong,  and  durable.  The  Tyrolese 
have  a  method  of  preserving  their  hay  crops  which  seems  to  deserve  imitation 
in  this  country,  as  it  may  be  perhaps  more  generally  and  easily  practised.  It 
is  thus  described  by  Mr.  Brockedon,  in  a  letter  to  the  Society  of  Arts,  &c. 
''  I  have  observed,  in  the  course  of  my  journeys  in  the  Alpine  districts,  that 
the  hay  is  preserved  in  the  meadows  and  on  slopes,  in  situations  where  the 
cocks  are  exposed  to  the  action  of  torrents,  by  being  cocked  upon  stakes 
having  two  or  three  transverse  pieces  of  wood  fixed  in  them.  The  stake  is  light, 
about  five  or  six  inches  in  circumference,  and  about  four  or  five  feet  lons^. 
These  are  kept  by  the  farmers  in  large  quantities,. and  stowed  away  compactly 
during  winter,  under  the  overhanging  roofe  of  their  dwellings.  When  used, 
they  are  driven  upright  into  the  ground  at  convenient  distances,  and  the  grass 
when  cut  is  thrown  upon  Uiem :  it  is  supported  upon  the  cross  pieces  or  arms 
of  the  hay-stake,  on  which  a  larp;e  cock  may  be  formed ;  the  lower  part  is  free 
from  the  ground,  while  the  outside,  raked  smooth,  carries  off*  the  rain ;  in  this 
manner  it  is  often  left  for  weeks,  if  necessary ;  the  air  freely  entering  and 
circulating,  dries  the  hay,  and  frequentiy  it  is  never  spread,  except  during  part 
of  the  favourable  day  in  which  it  is  housed. 

HEARTH.  The  pavement  or  surface  on  or  over  which  fuel  is  burned  in 
apartments.  But  the  term  hearth,  in  naval  afiairs,  implies,  the  grate  and  appa- 
ratus employed  on  board  ship  for  preparing  the  food  or  messes  for  the  ship's 
company.  It  is  fixed  upon  deck,  m  a  small  covered  building,  fitted  up  with  a 
variety  of  conveniences  for  the  cook  and  his  operations.  The  modem  apparatus 
usually  comprises  a  steam  boiler,  coppers,  ovens,  hot  closets,  in  addition  to  a 
large  open  nre. 

HEAT.     See  Caloric,  also  Chemistry. 

HELIOMETER,  or  ASTROMETER,  is  an  instrument  invented  by  Bougeur, 
for  measuring  with  exactness  the  diameter  of  the  sun,  moon,  and  planets. 
This  instrument  is  a  telescope,  having  two  object-glasses  of  equal  focal  distance, 
placed  side  by  side,  so  that  the  same  glass  serves  for  both*    The  tube  of  this 
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imtniment  is  of  a  conical  fonn,  larger  at  the  tipper  end  (which  reeetres  the 
two  ohject-glaaset)  than  at  the  lower,  (which  is  funiished  with  an  eye-glasa  and 
micrometer.)  Hence,  two  distinct  inkages  are  formed  in  the  focus  of  the  tye- 
glass,  the  distance  of  which  depending  upon  that  of  the  two  ohject^asses  fiom 
one  another,  may  be  measured  with  Uie  greatest  aoeuiacy. 

H£LIOSCOP£.  A  telescope  fitted  for  viewing  the  sun,  without  dazalinf 
the  eyes,  by  being  provided  witn  object  and  eye-gialMes,  that  are  colottTed  red 
or  green.  Huygens  used  only  a  plain  dass  blacked  over  the  flame  oi  a  candle, 
which  he  placed  between  the  eye  and  tfie  eye-glass. 

HELIOTROPE  is  a  sub-species  of  rhomboidal  quarts.  It  is  r^;aided  as  a 
precious  stone;  the  colour  green,  of  various  shades,  and  streaked  with  red 
veins.  The  blood  and  scarlet-red,  and  the  yellow  dots  and  spots  are  owing  to 
disseminated  jasper. 

HELM.  In  naval  architecture,  the  apparatus  for  steering  or  guiding  the 
motion  of  a  ship.  The  helm  is  usually  composed  of  three  parts — the  rudder, 
the  tiller,  and  the  wheel,  except  in  small  vessels,  where  the  wheel  ie  unneoea- 
sary.  Tlie  rudder  is  a  long  and  flat  piece  of  timber,  or  assemblage  of  timbers, 
suspended  along  the  hind  part  of  a  ship's  stem-post,  and  turning  upon  hingea. 
The  tiller  is  a  long  beam  or  lever  fitted  into  the  head  of  the  rudder  within  the 
vessel,  by  means  of  which  the  rudder  is  turned  to  the  right  or  left,  as  occasion 
requires.  In  order  that  the  steersman  mav  remain  stationaiy,  so  as  to  see  the 
compass  placed  in  the  binnacle,  ropes,  caUed  tiller  ropes,  are  attached  to  the 
end  of  the  tiller,  and,  passing  through  leading  blocks  in  the  vessel's  side,  are 
pulled  by  the  steersman ;  where  an  increased  power  is  required,  smaU  tackles 


are  employed :  but  in  large  vessels,  the  tiller  ropes  are  wound  upon  a  barrel  or 
cylinder,  which  is  turned  bv  means  of  a  wheel  set  upon  the  same  axis,  and  fur- 
nished with  six  or  eight  projecting  spokes.  The  effect  of  the  rudder  in  chan^ng 
the  direction  of  a  ship's  head,  according  as  it  is  tunied  to  either  side,  arises 
from  the  current  produced  by  the  vcssers  passage  through  the  water  strikuig 
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more  forcibly  upon  the  aide  which  is  turned  asainst  the  current,  than  upon 
the  opposite  side  which  is  turned  from  it ;  and,  as  the  rudder  placed  at  the 
extreme  end  of  a  ship  may  be  considered  as  appended  to  a  lever,  the  fulcrum 
of  which  is  somewhere  about  the  centre  of  the  vessel,  the  pressure  thus 
exerted  against  it  naturally  causes  the  ship  to  turn  upon  the  centre  of  gyra- 
tion, the  effect  being  proportioned  to  the  velocity  of  the  current,  and  to  the 
angle  at  which  the  rudder  stands  opi»osed  to  it  Ships  which  have  what  is 
caUed  a  full  buttock,  that  is,  carry  their  breadth  very  far  aft,  are  found  not  to 
answer  the  helm  reaidily,  owing  to  the  water  not  coming  easily  to  the  rudder. 
To  remedy  this  defect,  a  false  stem-post  is  sometimes  bolted  on,  and  the  breadth 
of  the  rudder  increased.  Mr.  E.  Carey,  surveyor  of  shipping  at  Bristol,  pro- 
poses, as  a  more  effectual  remedy  for  vessels  having  the  above  defect,  to  bolt  on 
to  the  keel  a  piece  one  foot  six  inches  abaft,  running  its  breadth  two-thirds  for- 
wards, then  tapered  off  to  nothing  as  far  as  the  gripe,  and  to  bolt  another  piece 
of  equal  breadth  on  to  the  bottom  of  the  rudder  (as  shown  in  the  drawmgs, 
l%r.  1  and  2,  on  the  preceding  P^^^i)  which  will  make  the  ship  hold  a  better 
wind,  and  answer  her  helm  quictdy,  and  steer  perfectly  easy.  By  reference  to 
Fiff,  3,  it  will  be  seen  that  the  effect  of  the  water  upon  the  additional  piece  wiU 
be  fully  equal  to  that  upon  the  whole  of  the  rudder  before  it  was  put  on ;  for 
•the  water  rushing  along  the  flat  bottom  of  the  vessel,  and  along  the  side  of  the 
keel,  without  obstruction,  strikes  upon  the  new  piece  with  great  force,  and  at  an 
advantageous  an^le,  and  necessarily  makes  the  vessel  answer  her  helm  quickly. 
Ships  of  war,  and  other  large  vessels,  if  they  happen  to  strike  the  ground  when 
riding  heavily  at  anchor,  or  by  tailing  on  a  sand  oank,  are  veiy  liable  to  injure 
the  rudder  by  tearing  it  away  from  its  fas- 
tenings. To  prevent  this,  Mr.  Hillman, 
of  Deptford,  proposes  that  the  lower  part 
of  the  rudder  should  be  made  capable  of 
sliding  up  into  a  cavity  prepared  to  receive 
it,  and  of  descending  by  its  gravity  into 
its  original  position,  as  soon  as  the  vessel 
gets  clear  again.  The  changes  in  the 
construction  of  the  rudder  which  Mr.  Hill- 
man's  plan  would  occasion,  are  represented 
in  the  subjoined  figure,  which  is  a  broad- 
side view  of  it  a  the  stem  post ;  b  part 
of  the  keel;  e  the  rodder,  the  bottom  of 
which  is  cut  away  to  the  dotted  lines  dd; 
/ /*  is  a  metal  segment,  turning  upon  the 
pm  g,  and  sliding  within  the  case  e  e;  this 
segment  is  made  hollow  from  the  top  on 
two  compartments,  as  shown  by  the  dotted 
lines  hh;  it  falls  by  its  own  weight  into 
the  position  shown  in  the  figure,  and  is 
prevented  firom  coming  frirther  b^  a  projection  from  its  top,  lodging  on  a  step 
at  if  within  the  case  e  e.  The  cavity  jj,  from  the  bottom  of  the  case  e  «  to  die 
dotted  lines  dd^is  made  large  enough  to  receive  the  whole  of  the  segment// 
If,  therefore,  the  vessel  should  touch  the  ground,  so  as  to  endanger  the  rodder, 
this  segment  would  slide  into  the  recess,  and  thereby  avoid  the  blow,  and  would 
fall  out  again  to  restore  the  length  of  the  rodder  when  clear  of  the  ground. 
The  Society  of  Arts  presented  to  Mr.  Hillman  their  large  silver  medal  for  this 
invention. 

HELIX,  in  Geometry,  is  a  term  generally  used  synonymously  with  spiral ; 
but  some  authors  make  a  distinction  between  tne  helix  and  the  spiral.  Daviler 
says,  that  a  staircase  is  a  helix  or  helical  when  the  steps  wind  round  a  cylin- 
dncal  newel ;  but  that  a  spiral  winds  round  a  cone,  and  is  continually  approach- 
ins  nearer  and  nearer  to  its  axis. 

HELLEBORE.  The  root  of  a  plant  formerly  used  in  medicine,  but 
now  nearly  discarded  from  practice,  on  account  of  the  violence  of  its 
operation. 
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HELMET.  A  defensive  armour  for  the  head,  composed  usually  of  the  skins 
of  animals  and  of  metals. 

HE  MATIN.  The  colouring  principle  of  logwood,  which  is  obtained  by 
digesting  alcohol  for  a  day  on  the  aqueous  extract  of  logwood ;  then  filtering 
the  solution,  evaporating  partiaUy,  and  leaving  the  liquid  to  rest,  hemattn  will  be 
deposited  in  small  crystals,  which,  after  washing  with  alcohol,  are  brilliant,  and 
of  a  whitish  red  colour,  having  a  bitter,  acrid  and  slightly  astringent  taste. 
Hematin  forms  an  orange-red  solution  with  boiling  water,  becoming  yellow  ea 
it  cools,  but  recovering  with  increase  of  heat  its  former  hue.  Excess  of  alkali 
converts  it  first  to  a  purple,  then  to  violet,  and  lastly  to  brown.  Metallic  oxides 
combine  with  hematm,  lorming  blue-coloured  compounds.  Gelatin  throws  down 
reddish  floculi ;  peroxide  of  tin  and  acid  redden  it. 

HEMISPHEflE.  One-half  of  a  globe  or  sphere,  formed  by  a  plane  passing 
through  its  centre. 

HENBANE.  A  poisonous  narcotic  plant,  common  in  our  ditches  and  road- 
side.    It  is  sometimes  used  in  medicine.    See  Htosciama. 

HENNA.  A  plant  growing  in  Africa  and  many  parts  of  the  East;  the 
colouring  matter  Ming  much  in  request  for  dyeing  the  finger  nails  of  the  inha- 
bitants of  the  East,  and  the  mains,  taili^  and  noofs  of  their  horses.  The 
colouring  matter  of  the  plant  is  very  abundant,  and  might  be  advantaceooaly 
used  for  dyeing  woollens  yellow  and  brown,  of  various  shades,  by  combming  it 
with  alum  and  sulphate  of  iron.  The  leaves  are  dried,  powdered,  and  made 
into  a  paste  for  the  above-mentioned  purposes.  The  powdered  leaves  form  a 
laige  article  of  export  to  Persia  and  the  Turkish  possessions. 

HEPATIC  AIR.     Sulphuretted  hydrogen  gas. 

HERMETICAL  SEALING,  is  used  to  denote  the  perfect  closing  of  veasela 
so  as  to  prevent  the  ingress  or  egress  of  the  most  subtle  fluids  or  bodies.  In 
stopping  glass  vessels,  for  chemical  operations,  it  is  usual  to  heat  the  neck  until 
it  is  qmte  soft,  and  then  twisting  it  by  a  pair  of  pincers ;  sometimes  a  plug 
well  luted  serves  the  purpose  effectually. 

HIDES.  The  skins  of^beasts ;  the  word  being,  however,  distinctively  implied 
to  the  skins  of  oxen,  cows,  horses,  and  other  large  thick-skinned  animals.  Raw 
or  green  hides  are  those  which  have  not  undergone  any  preparation.  Seasoned 
hides  are  those  which  have  been  salted  with  alum  and  saltpetre,  to  preserve 
them  until  they  undergo  the  process  of  tanning  and  currying.   See  Leatheb. 

HIGH-WATER.  That  state  of  the  tides  when  they  have  flowed  to  the 
greatest  height,  in  which  state  they  remain  nearly  stationary  for  about 
fifteen  or  twenty  minutes,  when  the  water  begins  to  ebb.  'Fhe  time  of 
high-water  is  always  nearly  the  same  in  the  same  place  at  the  full  of  the  moon  ; 
and  at  all  other  times  the  time  of  high- water  depends  upon  the  age  of  the 
moon ;  the  rule  for  finding  which,  tlie  age  of  the  moon  being  given,  is  as  fol- 
lows :  viz.  Add  four-fifths  of  the  moon's  age,  as  so  many  hours,  to  the  time  of 
high-water  at  the  full  of  the  moon,  and  the  sum  is  the  time  of  high  water, 
answerin^to  that  dav,  nearly. 

HINGES.  The  joints  on  which  doors,  lids,  gates,  shutters,  and  an  infinite 
number  of  articles  are  made  to  swinc^,  fold,  open,  or  shut  up.  Independently 
of  a  great  variety  of  kinds  and  sizes  kept  ready  made  by  Ironmoneers,  there  ia 
a  constant  demand  for  others  of  novel  forms  or  properties  to  adapt  them  to 
particular  objects.  The  chief  varieties  are  the  following : — erogt-gamettf  made 
m  the  form  of  the  letter  T,  for  gates  and  out-house  doors,  from  6  inches  to  36 
inches  long ;  and  a  nearly  similar  kind  made  with  long  straps  and  hooks  to  fix 
in  the  stiles,  to  enable  the  gates  or  doors  to  be  lifted  off*  their  hinges  at  plea- 
sure. Those  used  in  common  for  the  doors  of  apartments  are  termed  btUU,  of 
which  there  are  many  varieties.  Those  used  for  shutters  aro  called  baek-flapi  : 
similar  hinges  aro  used  for  tho  joints  of  bedsteads,  and  very  nearly  the  same 
kind  for  Pembroke  and  other  tables ;  another  sort,  called  H  and  fL  hinges,  from 
their  resemblance  to  those  letters,  aro  extensively  employed  for  common  pur* 

Soses.    There  aro  also  many  other  sorts,  distinguished  by  appellations  that 
esignate  their  uses,  and  aro  too  numerous  to  mention.     All  the  various  sorts 
arc,  or  may  be  made  in  the  different  metals,  and  most  of  them  are  to  be  found 
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ready  manufactnred  in  wrought-iron,  cast-iron,  and  brass,  and  differently 
finished.  The  chief  manufactories  are  at  Birmingham,  Wolverhampton, 
Tipton,  and  several  parte  of  Staffordshire.  The  best  of  the  wroiight-iron  kind 
are  made  in  Lancashire,  and  the  heavier  sort  at  Newcastle.  We  have  several 
excellent  hinge  manufacturers  in  London ;  amongst  whom  should  be  particu- 
larly noticed  Messrs.  CoUinge  and  Son,  and  Mr.  j^dmund,  on  account  of  ^eir 
admirable  improvements,  which  have  been  the  subject  of  patent  rights.  Instead 
of  the  ordinary  plan,  of  a  cylindrical  joint  working  round  a  fixed  central  pin, 
Messrs.  Collinge  form  the  end,  as  it  were,  of  the  pin,  into  a  sphere,  over  which 
a  hollow  spherical  can  fixed  to  the  other  limb  of  the  hinge  is  made  to  fit  accu- 
rately ;  this  is  provided  with  a  cavity  for  the  reception  of  oil,  having  a  small 
perforation  to  conduct  it  between  the  two  spherical  surfaces,  which  work  with 
great  truth  and  fi^edom.  The  principle  of  the  invention  is  unquestionably 
^ood,  and  by  paying  great  attention  to  the  manufacture  of  the  article,  the 
mventors  have  succeeded  in  obtaining  for  them  a  high  reputation ;  they  are,  in 
consequence,  extensively  adopted,  especially  in  turnpike-gates,  where  their 
neatness,  efficiency,  and  durability,  have  established  them  cumost  as  an  indis- 
pensable appendage. 

Mr.  Re(£[nund,  of  the  City  Road,  has  likewise,  with  great  skill  and  assiduity, 
bent  his  attention  to  the  improvement  of  hinges,  in  giving  ^em  new  features 
and  properties,  and  in  finishing  them  in  a  style  of  unusual  excellence.  We 
have  been  informed  by  an  architect  of  great  eminence,  that  Mr.  Redmund  pos- 
sesses a  rare  de^ee  of  ingenuity  in  adapting  hinges  to  apparently  impracticable 
situations,  in  givmg  them  an  ornamental  or  a  symmetrical  appearance  where  they 
would  in  general  be  deemed  a  disfigurement,  and  in  renaering  them  invisible 
when  the  style  of  architecture  does  not  admit  of  any  variations  or  additions ; 
and  that  it  was  on  this  account  that  he  was  employed  in  rehanging  the  doors  in 
Windsor  Castle,  in  the  recent  splendid  improvements  made  in  that  palace  by 
the  late  king.  This  excellent  mechanic  was  educated  a  carpenter,  and  being 
now  an  engineer  and  iron  founder  of  some  repute,  he  unites,  as  it  were,  within 
himself,  all  the  resources  of  hb  art.  Our  assigned  limits  will  not  permit  us  to 
eive  a  detailed  description  of  the  variously  formed  hinges  made  by  this  manu- 
racturer,  but  we  will  just  notice  one  of  them,  which  is  upon  the  door  of  the  room 
where  we  are  writing.  Those  hinges  termed  rising-butts,  whose  rubbing  sur- 
faces move  in  a  spiru,  or  rather  a  helical  line  upwards  on  opening  the  door, 
causes  the  latter  to  descend  below  the  level  of  the  carpet,  are  probably  familiar  to 
enabling  it  to  pass  above  the  carpet  on  the  floor,  and  which,  on  shutting  the  door, 
most  persons ;  in  that  case  it  will  not  have  escaped  their  notice  that  doors  so 
hung  possess  this  inconvenience,  that  they  will  not  stand  open  of  themselves, 
but  are  disposed  to  shut-to,  nearly.  To  obviate  these  disadvantages,  Mr.  Redmund 
cuts  from  the  helical  curves  two  small  horizontal  planes,  so  that  uiey  come  opposite 
to  each  other  when  the  door  is  opened  so  far  as  to  be  at  right  angles  to  the  stile, 
that  is,  having  made  a  quadrant  of  its  circle,  at  which  place  the  door  is  conse- 
quently at  rest,  and  to  shut  it  when  in  this  position  requires  a  slie^ht  pull,  which 
causes  the  horizontal  plane  to  slide  off  its  support,  and  the  door  then  returns  by 
its  descent  on  the  hehx.  Persons  seldom  open  a  door  more  than  50  or  60o  on 
entering  or  leaving  a  room ;  consequently,  doors  hung  with  these  hinges,  always 
shut  when  left  to  their  own  action,  and  stand  open  only  when  they  are  turned 
to  the  full  quadrant  In  some  cases  Mr.  Redmund  assists  the  door  to  shut-to 
closely  when  opened  only  a  very  little  way,  by  the  introduction  of  a  very  small 
spring.  A  variety  of  these  patent  hinges  may  be  seen  at  the  manufacturer's 
warehouse  in  Frith-street,  Sono,  London. 

Having  noticed,  a  few  years  ago,  the  inconvenience  (attended  with  per- 
sonal danger  in  some  situations)  of  outside  shutters  to  windows,  we  contnved 
a  simple  addition  to  the  common  outside  shutter  hinges,  which  completely 
obviated  it  Outside  shutters  when  open,  are  generally  fastened  back  to  the 
wall  by  means  of  those  common  appendages  driven  into  the  wall  called  turn- 
hackles,  which  often  become  loose,  broken,  or  lost ;  the  consequences  of  which, 
in  windy  weather,  are,  not  unfrequently  broken  windows  and  broken  shutters, 
besides  other  inconveniences,  which  need  not  be  specified.    Fig,  1  represents 


tbe  miOo^j  hinge  Aal :  and  Fig.  2  Aowt  it  cmea.  A  «qMre  kola  ii  col  oat 
mt  A,  uidiDtoit  bMnoglf  TircUcdaieiiudTaiUrpieeror  iroD  AB,  k  pottia* 
of  it  being  ^Ut  in  the  mamm  tluiwii,  lolbnD  it  inlo  a  i|«iDg,  and  the  cxIrw^ 


bein?  turned  npwud/i  to  fonn  a  ttop,  *m  ihown  «t  C.  Upon  opening  the  Moge 
the  flap  B  panel  over  the  arc,  preanng  on  the  apring,  and  when  ainved  at  &e 
(tap  C,  it  hoi  passed  the  ipring,  and  ii  cotnpletelj  open  iritli  the  shutter  fu- 
teiUd  flat  asainst  the  walL  When  it  is  required  to  close  the  shutter,  the  sjmng 
(which  is  ckMe  to  the  window)  is  to  be  pressed  down  to  oUow  the  flap  B  to  come 
back  over  it ;  and  when  shut  it  presents  the  appearance  shown  in  rig,  ] .  lietc 
hinges  are  manufactured  at  only  sixpence  per  pair  more  than  the  common  sort 
(the  arc  being  fixed  to  only  the  loser  one  of  a  pair),  and  as  the  troubleiocDe 
tumbucUe  is  thereby  snpeneded,  the  improfemeDt  cannot  be  considncd  as 
enfaanciug  the  e: 
By  the  ordi- 
banging  doors  I 
hanging-stilea  are  fixed  to  the  ver- 
ticelpartitioQs  of  the  shelves,  and 
beioE  necessftrily  of  a  grcMcr 
width  than  the  latter,  the  books 
behind  them  cannot  be  got  ont 
without  displacing  those  adjoin- 
ing.     To   remedy   this   inconve- 


bas  been  lately  adopted  by  Mr. 
Nettlefold,  of  Holbom.  a  is  a 
brass  plate,  which  is  screwed  lo 
an  upright  partition ;  hb  txe  two 
proiecling  pu^  (cast  in  one  piece 
with  a)  with  the  extremities 
rounded  off,  and  perforated  l« 
receive  the  centre  pin,  which 
paMes  alike  tlinntgh  Ibem  and 
the  Joint  of  the  common  buU- 
hinge  c.  To  the  flaps  of  the  latter 
are  screwed  the  doors  d  and  e, 
portions  of  which  are  only  brought 
into  view  to  save  room.  It  will 
be  obaerred  that  the  door  t  luya 
back  quite  level  with  the  (tup- 
"wscd)  shelves,  and  tlint  the  door 
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d  folds  dose  against  e,  so  as  to  lie  parallel  with  it,  and  quite  out  of  the 
way.  This  being  the  case,  as  represented  in  the  figure,  it  is  equally  obvious 
that  when  the  door  d  is  turned  back  the  contrary  way,  both  doors  are  thereby 
shut,  and  lie  quite  flush  and  close  ;  and  that  the  door  e  may  then  in  like  manner 
be  folded  over  d.  The  greatest  facilities  are  tlius  afforded  by  a  single  hinge 
instead  of  iivo  hinges,  and  without  the  necessity  of  any  additional  hanging 
stile. 

Whitechurch's  patent  hinge,  for  enabling  doors  and  windows  to  be  opened 
either  on  the  right  or  left  hand,  from  its  utility  and  convenience,  besides  the 
ingenuity  of  the  contrivance,  deserves  particular  notice.  It  is  equally  applicable 
to  window- sashes,  book-cases,  and  the  show-cases  of  shops ;  but  its  advantages 
will  be  most  conspicuous  in  packets,  steam-boats,  and  those  situations  in  par- 
ticular where  the  utmost  convenience  in  a  small  compass  is  the  object  of  study. 
The  engraving  on  tlie  following  page  represents  the  application  of  the  invention 
to  the  sash  windows  of  houses ;  and  its  chief  utility  in  these  consists  in  the 
facility  afforded  in  cleaning  that  part  of  the  window  in  perfect  safety  which  has 
heretofore  been  done  at  considerable  personal  peril,  ana  in  very  many  instances 
has  caused  fatal  accidents.  Its  application  to  a  door  is,  in  principle,  the  same 
as  to  a  sash  thus  made  (which  opens  on  either  side  like  a  door) ;  and  our  descrip- 
tion of  the  hinges  and  fastenings  therefore  will,  in  a  great  measure,  apply  to 
both,  a  represents  the  lower  sash,  suspended  over  pulleys  by  lines  and  weights 
in  the  usual  manner.  To  open  the  upper  sash  6,  a  false  or  movable  sill  is  taken 
out  from  the  lower  part  of  the  sash-frame,  which  enables  the  sash  a  to  descend 
lower  in  the  frame,  and  the  upper  sash,  which  was  previously  behind  it  (or 
deeper  in  the  frame)  to  pass  over  it,  and  to  swing  on  its  hinges  on  either  side. 
At  c  cc  is  a  pair  of  long  double  acting  hinges,  shown  connected  on  one  side  of 
the  window,  and  separated  on  the  side  where  the  window  is  open.  A  pair  of 
these  hinges  is  shown  shut  up  and  complete  by  the  distinct  figure  d.  At  e  ^  tf 
is  shown  a  pair  of  small  auxiliary  hinges ;  and  a  single  hinge  of  the  kind  at  the 
separate  figure /shows  their  precise  construction.  A  brass  bolt^  is  fixed  on  the 
lower  stile  of  the  sash,  and  extending  its  whole  length ;  about  two  inches  from 
the  end  of  the  bolt  it  is  jointed,  so  that  when  either  end  is  shot  into  its  moiiice, 
it  acts  as  a  kind  of  support,  and  as  a  centre  for  the  lower  part  of  the  sash  to  turn 
upon,  h  h  exhibit  two  small  latches  for  securing  or  opening  the  sash  on  either 
side.  Now  when  the  window  is  opened  on  that  side  which  is  at  present  closed, 
exactly  the  same  appearances  will  be  presented,  only  on  the  opposite  side.  It 
is  therefore  clear  that  the  hinges  must  alternately  separate  ana  connect  them- 
selves at  the  joints.  The  manner  in  which  this  is  done  will  be  partly  under- 
stood by  reference  to  the  separate  figure  /,  where  each  flap  of  the  small 
secondary  hinges  is  shown  apart,  as  also  their  connecting  themselves  by  the 
jointed  parts  of  one  flap  hookmg  into  another.  The  long  hinges  used  in  the 
upper  part  are,  however,  of  a  Aiore  complex  nature,  and  it  is  very  difiicult 
to  give  an  intelligible  description  of  them  without  the  aid  of  several  more 
fifi[ures,  giving  different  views  of  their  parts,  which  would  occupy  too  much 
of  our  space.  Anv  person,  however,  who  mav  be  desirous  of  investigating 
their  principles  ana  mode  of  action,  will,  we  doubt  not,  have  everv  mcility 
afforded  them  nt  the  oflice  of  the  patentees.  In  applying  the  invention 
to  a  room-door,  the  aiTangement  is  somewhat  different ;  the  long  hinges  are 
placed  at  top  as  in  the  case  of  the  window-sash,  and  the  small  auxiliary  liinges 
are  fixed  near  to  the  bottom.  On  the  middle  stile  of  the  door,  Uie  bolt,  or 
locking  bar,  is  situated,  which  is  either  let  in  flush  with  the  door,  or  lies  in  a 
mortice  passing  firom  one  side  to  the  other,  and  is  consequently  entirely  out  of 
sight  A  mortice  lock  is  placed  on  each  side  of  the  door,  for  opening  and  shut- 
ting it  by  means  of  the  knobs,  and  the  bolt  springs  to  and  fastens  the  door 
itself,  when  shut  in  the  ordinary  way ;  and  when  it  is  required  to  open  the  door 
the  contrary  way  to  that  which  it  was  the  last  time,  an  extra  hali^turn  of  thd 
knob  throws  back  the  bolt,  and  locks  the  opposite  side ;  it  is  thus  opened  on 
either  side  instantaneously,  and  is  hung  on  the  opposite  side  at  the  same 
moment  with  never-failing  security.  The  door  is,  in  fact,  more  securely  hung, 
is  better  supported,  and,  consequently,  turns  on  its  lunges  with  greater  ease  and 

4  a 


HIP  ROOF.    A  roof,  the  ends  of  vliicli  riic  immediately  ftom  tbe  w*U- 

n'     !,  with  the  mme  inclination  to  the  horizon  as  ilB  other  tiro  Bides.     The 
mg  €f  a  Up  IB  the  angle   made  on  its  upper  edge  to  range  with  the  two 


HOD.  A  portable  receptacle  in  which  bricks,  mortar,  &c.  ue  carried  l>y 
labouren  in  hoiue-building. 

HOE.  Ad  initnimenl  employed  in  agricullure  in  breaking^p  eartb,  and 
drawing  it  around  plants.  It  consists  of  a  broad  blade  of  iron  or  steel,  with  an 
tye  or  looket  in  the  middle  of  its  upper  side,  through  vhich  a  handle  is  put 
Garden  and  fleld-hoe>  are  ^enera%  about  three  inches  ileep  in  the  blade,  and 
from  one  inch  to  ten  inche*  in  length ;  but  there  is  a  much  larger  kind,  made  of 
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various  fonns,  equal  in  dimemioiis  to  ordinary  spades  and  shovels,  which  are 
manufactured  in  this  cuuntiy  for  colonial  use,  chiefly  for  the  cultivation  of  the 
sugar-cane.  The  demand  for  these  articles,  not  only  for  the  British  settlements 
hut  for  most  other  parts  of  the  world,  is  so  extensive  as  to  constitute  a  con- 
siderahle  manufacture  at<  Bristd,  Birmingham,  Sheffield,  Newcastle,  and  other 
places. 

HOGSHEAD.  A  measure  of  capacity,  or  a  cask  of  a  certain  determinate 
size,  for  holding  liquids.  The  wine  hogshead  is  three-fourths  of  a  puncheon, 
one-half  of  a  pipe,  and  one-fourth  of  a  tun ;  it  contains  a  tierce  and  a  half,  or 
63  eallons,  or  252  ouarts,  or  504  pints,  or  14,553  cuhic  inches.  The  beer  and 
ale  nogshead  is  half  a  butt,  and  contains  a  barrel  and  a  half,  or  3  kilderkins,  or 
6  firkins,  or  54  gallons,  or  216  quarts,  or  432  pints,  or  15,288  cubic  inches ; 
consequently,  the  wine  hogshead  is  to  the  beer  or  ale  hogshead  as  539  to  564. 
There  are  also  hogsheads  for  sugar,  flour,  peas,  and  other  dry  goods ;  but  of 
these  the  capacities  are  not  fixed. 

HOLD.  The  whole  interior  cavity  of  a  ship  comprehended  between  the 
floor  and  the  lower  deck  throughout  her  entire  length. 

HOLDFAST,  Carpenters',  is  the  name  of  a  very  useful  tool,  employed  not 
only  by  carpenters,  bat  by  otlier  mechanics,  for  hdding  fast  their  work  upon 
the  bench  whilst  being  operated  upon.  It  usually  consists  of  a  round  bar  of 
iron,  thickening  a  little  upwards,  and  bent  at  the  upper  end,  almost  into  a  right 
angle,  and  flattened.  An  oblique  hole  is  bored  in  the  bench ;  and  if  a  piece  of 
wood,  or  any  other  article,  is  wanted  to  be  secured,  it  is  placed  under  the  hold- 
fast, and  a  few  strokes  of  the  hammer  are  sufficient  to  make  it  bite  firmly.  In 
order  to  loosen  it,  nothing  more  is  necessary  than  a  blow  of  the  hammer 
applied  at  the  lower  end  of  the  bar. 

Mr.  W.  Dungey,  of  Compton- 
street,  Soho,  has  succeeded  in 
improving  this  instrument,  for 
which  he  received  a  reward 
from  the  Society  for  the  Encou- 
ragement of  the  Arts,  3rc.  It 
is  represented  in  the  subjoined 

cut.  The  jaw  a,  instead  of  being   

one  piece  with  the  rest  of  the 
bar,  u  movable  on  the  screwed 
axis  h,  and  is  prolonged  back- 
wards. In  this  latter  part  is  a  ..^ 
hole  for  the  reception  of  a 
cranked  screw,  which  bears 
on  a  projection  d  of  the  main 
bar ;  e  is  the  hole  in  the  bench, 
and /is  a  flat  square  piece  fixed 

by  a  loose  joint  to  the  jaw  a,  and  therefore  capable  of  bearing  by  its  whole 
surface  on  any  piece  of  work  placed  under  it.  By  turning  the  screw  c  in  one 
direction  the  work  is  held  fast ;  and  by  turning  in  the  other  direction  it  is 
released.  It  is  considered  as  likely  to  be  of  service  to  coachmakers,  carvers, 
and  chair  and  cabinet  manufacturers,  as  the  pressure  of  it  is  under  perfect 
regulation,  and  it  is  not  liable  to  bruise  the  work  which  it  is  employed  to 
hold. 

HOLDFASTS.  A  general  term  applied  to  a  variety  of  flat-sided  iron  spikes, 
that  are  driven  into  the  joints  of  brick-work,  against  which  it  is  desired  to 
fiisten  any  kind  of  wood-work ;  for  this  purpose,  the  other  ends  of  the  holdfasts 
are  spread  out  so  as  to  lie  flat  against  the  wood,  whereto  these  are  nailed  or 
screwed  through  holes  made  in  the  iron.  The  term  holdfast  is  likewise  applied 
to  those  iron  ties  in  the  form  of  the  letter  S^  which  are  commonly  fixed  to  walls 
to  keep  the  mass  from  separating. 

HOLLAND.  A  closely  woven  kind  of  linen  cloth,  of  a  peculiar  fabric,  so 
celled  from  its  having  been  originally  imported  from  Holland. 

HOLLOW  WALL.    A  wall  built  in  two  thicknesses,  leaving  a  cavity 
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between,  which  may  be  either  for  saving  materials,  or  for  preserving  an  uniform 
temperature  in  apartments. 

HOLOMETER.  A  mathematical  instrument  that  serves  universally  for  taking 
all  measures,  both  on  the  earth  and  in  the  heavens. 

HOMBERG'S  PHOSPHORUS.     Ignited  muriate  of  lime. 

HONE.  A  fine  grained  kind  of  stone,  used  for  sharpening  razors,  pen- 
knives, and  other  cutting  instruments.  The  exquisite  edge  given  by  cutlers  to 
razors,  lancets,  &c.  can  rarely  be  produced.by  those  persons  who  are  not  in  the 
habit  of  using  them.  This  arises  partly  from  ignorance  of  the  properties  in 
which  consists  the  difference  between  a  good  and  a  bad  hone,  ana  partly  from 
a  want  of  that  skill  and  slight  of  hand  in  the  use  of  a  hone,  which  long  and 
constant  practice  only  can  give  in  perfection.  Mr.  Fayrer,  of  Pentonville,  has, 
however,  constnicted  a  novel  kind  of  hone,  by  the  use  of  which  the  unskilled 
and  inexperienced  operator  may,  without  difficulty,  produce  a  good  edge.   This 


hone  consists  of  a  plate  of  brass  a  about  an  mch  wide,  and  of  any  convenient 
length,  ground  to  a  perfectly  smooth  surface  on  both  sides,  one  of  which  is 
marked  R  and  the  other  S ;  part  of  each  end  is  cut  or  filed  away,  leaving  only 
two  pins  or  pivots,  on  which  the  hone  turns  or  swings.  In  the  frame  e  e  are 
two  uprights  d  d,  with  notches  to  receive  the  pivots ;  e  «  are  two  boxes,  one  to 
hold  a  coarser  and  the  other  a  finer  powder,  made  of  oil-stone  ground  down  and 
washed  over :  for  the  latter,  finely  pulverized  water-of-Ayr  stone  may  be  sub- 
stituted. To  use  this  hone,  first  place  the  side  marked  K  uppermost,  and  put 
on  it  a  few  drops  of  oil  and  a  little  of  the  coarser  powder,  then  draw  along  it 
in  the  usual  manner  the  edge  of  the  instrument  to  be  sharpened.  As  the  hone 
swings  on  two  pivots,  the  surface  necessarily  applies  itself  quite  evenly  along 
the  edge  of  the  blade,  in  whatever  direction  the  pressure  of  the  hand  is  made 
that  holds  the  tool ;  and  the  particles  of  the  powder,  as  the  operation  pro- 
ceeds, are  continually  becoming  smaller  and  smaller,  and  therefore  giving 
a  finer  and  finer  edge.  To  miish  the  setting,  turn  uppermost  the  sur&ce 
of  tlie  hone  marked  S,  apply  to  it  oil  and  the  finer  powder,  and  proceed  as 
before. 

HONEY.  A  sweet  and  scarcely  fluid  substance,  which  is  collected  by 
bees  firom  the  nectaria  of  flowers,  and  deposited  in  the  cells  of  the  combs  for 
the  support  of  the  bees  and  their  offspring.  Naturalists  are  not  agreed  whether 
honey  undei^oes  a  particular  elaboration  in  the  bodies  of  bees,  thence  deriving 
its  flavour  and  consistence,  or  whether  it  is  merely  coUected  and  deposited  by 
them  in  its  ppstine  state.  M.  Cavezzali  has  proved  that  honey  is  composed 
of  sugar,  mucilage,  and  an  acid.  The  sugar  may  be  separated  by  melting 
the  honey,  adding  carbonate  of  lime,  in  powder,  as  long  as  any  effervescence 
appears,  and  scumming  the  solution  while  hot.  The  liquid,  thus  treated, 
gradually  deposits  crystals  of  sugar.  There  are  three  distmctions  of  honey, 
according  to  its  purity  and  the  manner  it  has  been  obtained  firom  the  honey- 
combs. The  first  and  finest  kind  is  virgin  honey,  or  the  first  produce  of  a 
swarm,  obtained  from  the  combs  without  pressing,  these  being  only  set  to  drain, 
in  order  to  its  running  out.  The  second  kind  is  that  known  by  the  name  of 
white  honey,  being  thicker  than  the  former,  and  ofWn,  indeed^  almost  soUd ;  it 
is  procured  by  pressing  the  combs,  but  without  the  assistance  of  heat  The 
third  and  worst  kind  is  the  common  yellow  honey,  obtained  from  the  combs 
first  heated  over  the  fire,  and  then  pressed.  Honey  was  a  domestic  manufiic- 
ture  of  great  importance  before  the  introduction  of  cane  sugar;  and  in  those 
countries  where  cane  sugar  is  still  scarce,  the  preparation  of  honey  is  very 
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extensively  conducted.  It  is  not  uncommon  for  a  peasant  of  the  Ukraine  to 
have  4  or  500  hives ;  and  for  a  parish  priest  in  Spain  to  have  as  many  as  5000 
hives.  In  the  Hanoveriaches  Magazin,  it  is  stated  that  the  Jews  in  Moldavia 
have  a  method  of  making  honey  into  a  hard  and  white  sugar,  which  is 
employed  by  the  distillers  of  Dantzic,  to  make  their  liqueurs.  The  process 
consists  in  exposing  the  honey  to  the  frost  during  three  weeks,  sheltered 
from  the  sun  and  snow  in  a  vase  of  some  material  which  is  a  bad  conductor 
of  heat.  The  honey  does  not  freeze,  but  becomes  transparent,  and  hard  as 
suffar. 

HONEY-COMB.  The  cellular  fabric  made  by  bees  in  wax,  in  which  they 
deposit  their  honey.  Hence,  in  the  casting  of  hron  or  other  metals,  when  the 
work  is  not  solid,  but  cellular  or  spongr,  it  is  denominated  honey-comb. 

HOOD.     A  cowl  or  covering,  placed  on  the  top  of  any  thing. 

HOOD  and  MOUTH  PI£C£,  invented  by  Roberts,  the  miner,  for  descend- 
ing mines,  or  going  into  houses  on  fire,  is  described  under  Fire  Escapes. 

HOOFS.  The  homy  substance  that  covers  the  feet  of  various  animals;  it 
chiefly  consists  of  coagulated  albumen.     See  Horn. 

HOOP.  A  pliant  piece  of  wood  or  metal  made  into  rings,  or  circular  ban- 
dages for  casks,  && 

HOPPER.  A  trough  or  funnel  employed  to  supply  com  to  a  mill|  fuel  to 
close  furnaces,  and  to  a  great  variety  of  other  purposes. 

HOPS.  The  dried  flower  buds  of  a  Britisn  climbing  plant,  which  grows 
wild  in  many  parts  of  England;  but  for  the  purposes  of  commerce  and  brewing, 
they  are  usually  cultivated  in  extensive  plantations,  where  they  require  the 
growth  of  some  years  before  they  attain  perfection.  To  cultivate  it  with  suc- 
cess requires  extreme  care,  considerable  experience,  and  a  large  capital ;  yet 
perhaps  of  no  plant  is  the  harvest  so  precanous,  from  an  unfavourable  season, 
and  the  depredations  of  insects.  There  are  several  varieties  of  it,  as  Uie  red 
hmdf  the  green  bindt  and  the  white  bind.  It  is  propagated  by  nursery  plants, 
or  by  cuttings.  These  are  planted  in  little  hillocks,  formed  by  digging  a  hole 
12  inches  deep  and  18  inches  in  diameter,  and  filling  it  up  with  nne  mourn,  mixed 
with  manure,  and  the  original  soil.  In  the  centre  of  the  hill  is  set  a  single 
plant,  and  round  it  half  a  dozen  others.  The  hills  are  about  9  feet  asunder. 
Cuttings  are  set  in  Februarv  and  March,  but  sets,  or  nurseiy  plants,  in  autumn. 
In  April,  if  the  season  be  favourable,  the  binds  require  tying  to  poles,  which 
are  stuck  in  the  earth.  About  Midsummer  thev  are  praned,  and  the  produce 
ffiven  to  cattle.  In  September  they  are  usually  reaay  for  pulling.  Chestnut 
u  reckoned  to  make  the  best  poles,  and  ash  the  next — the  poles  are  from  18  to 
24  feet  in  length;  three  poles  are  sufficient  for  a  single  hill,  or  two  poles  where 
the  plants  are  vigorous.  The  large  poles  are  not  required  till  the  first  winter 
after  the  plantation  has  been  formed,  and  it  is  advisable  not  to  take  any  produce 
the  first  year.  The  picking  is  performed  by  men,  women,  and  children. 
Proper  baskets  and  bins  or  cribs  being  in  readiness,  the  plants  are  cut  off*  close 
to  the  ground,  and  the  poles  drawn  up ;  these  are  placed  upon  the  bins,  with 
the  plants  upon  them,  and  three  or  four  persons  on  each  side  pick  off  the  hops. 
After  this,  they  are  dried  in  a  kiln ;  and  when  dry  they  are  carried  into,  and 
kept  for  five  or  six  days  in  a  room  called  the  stowage  room,  until  they  are  in 
a  state  to  be  put  into  bags.  This  is  done  throuffh  a  round  hole  or  trap,  cut  in 
the  floor  of  the  stowage  room,  exactly  equal  to  Sie  dimensions  of  the  mouth  of 
the  baff,  and  immediately  under  which,  to  a  frame  of  wood,  this  mouth  is  fastened. 
In  eaSi  of  the  lower  comers  of  the  bag  a  small  handful  of  hops  is  tied  ;  and  a 
person  called  the  packer  places  himself  in  it,  and  by  a  heavy  leaden  weight, 
which  he  constantly  moves  roimd  in  the  places  where  ne  is  not  treading,  presses 
and  forces  the  hops  down  in  a  very  close  manner  into  the  bag,  so  fast  as  they 
are  thrown  to  him  by  another  labourer.  The  work  thus  proceeds  until  the  bag 
is  quite  fidl,  when  each  of  the  upper  comers  has  a  few  hops  tied  in  it  in  the 
same  manner. 

The  usual  way  of  extracting  hop  poles,  by  pushing  them  backwards  and  for- 
wards till  they  are  sufficiently  loosened  to  be  raised  up  out  of  the  ground  by 
hand,  subjects  the  hops  to  injury,  by  shaking  and  bruismg  them,  while  the  poles 


th«iii*elvM  are  beqaently  broken.  These  tneanTenieticei  an  aTMded,  and  a 
eontidenble  time  ii  saved,  b;  the  application  of  an  apparatut  iQTcnted  bj  Mr. 
John  KnowlcB,  of  Farnbain,  irho  took  out  a  patent  (or  it  in  1630.  The  nature 
of  the  coutrirance,  and  the  intention  of  the  inventor,  are  well  expresKd  oti  the 
title  of  the  patent,  which  ii  for  "  a  certain  initrument  or  machine  for  drawing 
up  hop  pole*  cot  of  the  gronnd  pren'oui  to  picking  the  hops,  and  wbiEh,  bj 
drawing  the  polei  perpendtcularly,  wiD  greatly  aave  them,  as  well  as  prerent 
the  hops  fiom  being  bruised,  called  a  hop-pole-drawer,  by  lEver  and  liJcruni." 
In  the  annexed  engraving,  fig.  1,  is  showo  a  portion  of  a  bop  pole,  and  the  ^>pli- 
cation  of  the  levet  and  fulcrum  in  raising  it  out  of  the  ground ;  o  a  is  ibe  pole. 


b  the  lever,  and  «  it  its  fulcrum,  which  ba*  a  broad  baae,  with  a  abort  spike 
to  prevent  its  slipping  when  the  pressure  is  applied  to  it.  lig.  2  shows  a  plan 
of  the  lever  with  its  iron  jaws,  which  are  made  to  approach  each  other,  that 
some  part  of  the  opening  may  fit  all  sixes  of  poles ;  and  they  an  temted  l» 
prevent  their  slipping  upon  the  poles. 

HORN.  An  animal  substance,  composed  of  oM^ulated  aDramen,  with  » 
little  gelaliae,  and  about  ft  two-hnndredth  put  of  the  phoaphate  ot  line.  But 
the  homi  of  the  buck  and  hart  an  of  a  different  natun,  being  intermediaCe 
between  bone  and  bom.  The  homi  of  oxen  are  prepared  fbr  lanthom  leave* 
in  ihe  following  manner.  They  are  first  softened  by  roasting  over  a  fire  made 
of  the  stalks  of  liirae,  and  then  slit  lengthwise,  on  one  side,  and  kept  expanded 
flat  between  a  pair  d'  tongs,  and  aiUrwards  placed  in  a  press  between  iroB 
platei  that  are  greaaed.  Here  the  horns  remain  till  they  are  cooled;  they  are 
next  soaked  in  water  till  sofl  enough  to  be  pared  down  to  the  required  tliiiiinaa. 
with  a  large  knife  worked  horiiontBlly  on  a  block.  Their  tranmareiicy  im 
thus  acquired  ;  and  aflor  being  immersed  in  lev,  they  are  polished  with 
whitening,  and  the  coal  of  burnt  willow.  Horn  lot  makuig  inM  snuff  htnca^ 
combs,  and  other  ornamental  arliclea,  are  stained  to  imitate  Toatoisa  Shell, 
which  see. 

HORN.  A  musical  instrument  of  the  wind  kind :  the  earliest,  from  whidb 
the  instrument  derived  its  name,  were  the  homs  of  animals,  and  these  ar«  stiQ 
used  extensively  in  remote  or  uncivilised  district*.  Considered  as  a  modesn 
musical  instrument,  they  are  chiefly  made  of  metals,  and  uf  various  kinds  or  forma. 
The  French  horn  is  a  long  tube,  narrow  at  the  top,  and  increasing  in  diameter 
to  the  end,  where  its  mouth  is  very  wide.  It  is  curled  up  in  aereral  rings,  fcr 
the  convenience  of  carriage  and  performance.  The  trumpet  and  the  In^le 
horn  are  noticed  under  their  respective  heads. 
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HORN,  ARTIFICIAL,  or  Tanmbd  Gelatine.  Considerable  manufactories 
have,  it  is  said,  been  established  in  France,  for  the  construction  of  a  variety  of 
articles  with  this  substance.  The  gelatine  is  usually  obtained  from  bones,  by 
treating  them  with  a  weak  solution  of  muriatic  acid ;  and  it  is  afterwards  tanned 
by  the  common  process,  as  in  making  leather.  Upon  becomin&^  hard  and 
dry,  it  assumes  the  appearance  of  horn  or  tortoise  shell,  and  is  employed 
for  the  same  purposes  as  those  substances.  It  is  softened  by  being  boUed 
in  water  with  potash,  when  it  mav  be  formed  into  any  shape,  and  the  figure 
preserved  by  drying  the  articles  between  moulds.  In  the  soft  state,  it  may 
also  be  inlaid  with  gold,  silver,  or  other  metals,  and  is  streaked  with  various 
coloured  materials,  so  as  to  resemble  the  finest  woods  and  other  natural  pro- 
ductions. 

HORNBLENDE.  A  species  of  the  clay  genus,  of  which  there  are  three 
varieties ;  viz.  the  common,  hornblende  slate,  and  basaltic  hornblende. 

HORN-ORE.    One  of  the  species  of  silver  ore. 

HORNSTONE.      A    sub-species    of    rhomboidal    quartz,    according    to 
Jameson,  who  divides  it  into  splintery  homstone,  oonchoidal  homstone,  and 
woodstone. 
-  HOROGRAPHY.    The  art  of  Dialling,  which  see. 

HOROLOGY.  The  art  of  constructing  machines  for  measuring  time ;  but 
from  the  circumstance  of  clocks  and  watohes  having  very  generally  superseded 
all  other  contrivances  for  this  purpose,  the  term  is  now  usually  understood  as 
referring  to  these  latter  instruments  solely.  In  these  machines  a  pendulum,  or 
a  spiral  spring,  connected  to  a  flat  wheel  turning  freely  on  its  axis,  (called  a 
balance  wneel,)  is  made  to  vibrate ;  and  it  being  a  property  of  these  bodies, 
that  all  the  vibrations,  whether  through  large  or  small  arcs,  (within  certain 
limits,)  are  made  in  equal  times,  all  that  is  necessary  to  measure  time  by  this 
means,  is  to  register  the  vibrations,  and  to  prevent  the  vibrating  body  from 
being  brought  to  rest  by  the  resistance  of  the  atmosphere,  or  the  friction  of  its 
parts,  about  the  centre  of  oscillation ;  and  these  objects  are  effected  by  means  of 
a  train  of  wheels  put  in  motion  by  die  descent  of  a  weight,  or  by  the  action  of 
a  coiled  spring,  the  velocity  of  the  wheels  being  regulated  by  the  vibrations  of 
the  vibrating  body.  The  essential  difference  between  clocks  and  watohes  con- 
sists in  the  nature  of  the  regulator  employed ;  which  in  clocks  is  the  pendulum, 
and  in  watohes  the  balance  wheel.  The  pendulum  requires  to  be  suspended  from 
steady  points  of  support,  that  its  vibrations  may  be  constantly  performed  in  a 
vertical  plane,  hence  clocks  cannot  be  made  portable ;  but  from  the  pendulum 
being  acted  upon  by  the  force  of  gravity,  which  is  a  constant  force,  its  motion  is 
more  equal  than  that  of  the  balance  spring,  the  force  of  which  varies  greatly, 
from  changes  of  temperature,  and  other  causes;  clocks  are  therefore  always 
preferred  in  observatories ;  but  as  the  balance  will  perform  lying  in  any  position, 
watohes  have  the  advantage  of  being  portable. 

We  shall  now  proceed  to  describe  the  construction  of  an  ordinaiv  eight-day 
clock,  which  we  nope  will  be  rendered  sufficiently  clear  with  the  help  of  the 
accompanying  engravine,  which  exhibits  a  front  view  of  the  works,  the.  dial 
plate  being  removed  to  snow  the  manner  in  which  the  hour  and  minute  hand 
are  made  to  revolve  with  different  velocities  upon  the  same  centre^  A  portion 
of  the  front  frame  plate  is  likewise  represented  as  broken  away  to  exhibit  more 


which  express  the  number  of  teeth  contained  in  them.  The  striking  parts,  as 
usually  constructed,  are  so  very  complex  as  to  render  it  extremely  difficult  to 
convey  a  clear  idea  of  their  operation  without  a  veiy  lengthened  description,  and 
several  diagrams ;  we  have  therefore  preferred  introducing  in  their  stead  an 
extremely  sim^^e  and  ingenious  arrangement  for  the  purpose,  invented  by  Mr. 
Prior,  of  Nessneld,  in  Yorkshire,  and  for  which  he  received  a  reward  fh>m  the 
Society  of  Arts.  A  clock  of  this  kind  contains  two  independent  trains  of 
wheelwork,  each  with  ito  separate  first  mover ;  one  is  constantly  going  to  indi- 
cate ^e  time  by  the  hands  on  the  dial  plate ;  the  other  is  put  m  motion  every 


how,  and  atrikci  a  beU  to  telt  the  hour  at  a  distance ;  the  dotted  circle  a  ii  the 
barrel  of  the  going  part;  it  has  %  catgiit  b  vound  round  it,  nispendiog  the 
weight  e  which  keeps  the  clock  going ;  96  is  a  wheel  (called  the  first  or  great 
wheel,)  of  that  number  of  teeth,  upon  the  end  of  the  barrel,  turning  a  pinion 


of  eight  leaTcs,  on  an  arbot  which  carries  the  minute  hand.  64  b  a  trhee]  of 
64  teeth,  on  the  seme  arbor,  (called  the  centre  wheel,)  turning  the  wheel  60,  bf 
B  pinion  of  eight  leaves  on  its  arbor  :  this  last  wheel  gives  motion  to  the  pinion 
of  eight,  on  the  arbor  of  the  swing  wheel  30,  of  30  teeth ;  J  li  are  the  pallets  of 
the  escapement,  fixed  on  an  ubor  e,  going  through  the  baek  plate  of  the  clock'a 
fVame,  and  carrfiug  a  long  lerer,  which  has  a  gmall  pb  projecting  from  it* 
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lower  end,  goio^  into  an  oblong  bole,  made  in  the  rod /of  the  pendulum.  The 
pendulum  consists  of  an  inflexible  metallic  rod,  suspended  by  a  Tery  slender 
piece  of  steel  spring,  from  a  brass  bar,  screwed  to  the  irame  of  the  clock,  having 
a  weight  er  bob  at  its  lower  end,  in  the  present  case  39.125  inches  from  the 
point  of  vertical  suspension ;  when  this  pendulum  is  moved  from  the  line  in 
either  direction,  and  suffered  to&ll  back  again,  it  swings  nearly  as  much  beyond 
the  vertical  on  the  contrary  side,  and  then  returns ;  this  it  will  continue  to  do 
for  some  time,  and  each  of  these  vibrations  will  be  performed  in  one  second  of 
time,  when  the  pendulum  is  of  the  above  length.  This  is  the  measurer  of  the 
time ;  and  the  omce  of  the  clock  is  only  to  indicate  the  number  of  vibrations  it  has 
made,  and  give  it  a  small  impulse  each  time  to  keep  it  going,  as  the  resistance  of 
the  air,  and  elasticity  of  the  spring,  would  otherwise  m  a  few  hours  cause  it  to 
stop.  By  the  action  of  the  weight  applied  to  the  cord  6,  (which  is  called  the 
mamtainmg  power,)  the  wheels  are  all  turned  round ;  and  if  the  pallets  dh  were 
removed,  the  swing  wheel  30  would  revolve  with  ereat  velocity  m  the  direction 
from  30  to  <^  until  the  weight  reached  the  ground ;  the  teeth  of  these  pallets 
are  so  made  that  one  of  them  always  engages  the  wheel,  and  prevents  its  turn- 
ing more  than  half  a  tooth  at  a  time.  In  the  drawing,  the  pullet  d  has  the 
nearest  tooth  of  the  wheel  resting  on  it,  and  the  pendulum  is  on  tlie  side  h  of 
the  peroendicular ;  when  it  returns  it  moves  the  pallet  J  so  as  to  allow  the 
tooth  of  the  wheel  to  slip  off;  but  in  the  mean  time  the  pallet  h  has  interposed 
its  point  in  the  way  of  tne  tooth  next  it,  and  stops  the  wheel  till  the  next  vibra- 
tion or  second;  the  distance  between  the  two  pallets  dhi%  so  adjusted  that  only 
half  a  tooth  of  the  wheel  escapes  at  each  vibration ;  and  as  the  wheel  has  30 
teeth,  it  will  revolve  once  in  60  vibrations  of  one  second  each,  or  one  minute; 
consequently  a  hand  on  the  arbor  of  this  wheel  will  indicate  seconds  on  a  circle 
on  the  dial  plate  divided  into  60 ;  the  pinion  of  eight  on  its  arbor  is  turned  by  a 
wheel  of  60,  which  consequently  will  turn  once  in  seven  turns  and  a  half  of  the 
other,  or  in  seven  minutes,  30  seconds,  or  one-eiffhth  of  an  hour ;  its  pinion  of 
eight  is  moved  by  a  wheel  of  64,  or  eight  times  itself,  which  will  turn  in  one- 
eighth  part  of  the  time,  this  will  be  an  nour;  the  arbor  of  this  wheel,  therefore, 
carries  the  minute  hand  of  the  clock.  The  great  wheel  of  96  being  twelve  times 
the  number  of  the  pinion  eight*  will  turn  once  in  12  hours,  and  the  barrel  a 
with  it.  The  catgut  goes  round  16  times,  so  that  the  clock  will  go  eight  days. 
The  hour-hand  of  the  clock  is  turned  by  Uie  wheel  work  shown  upon  the  front 
frameplate ;  on  the  end  of  the  arbor  of  the  centre  wheel  64  a  tube  is  fitted,  so 
as  to  eo  round  with  it  by  friction ;  this  carries  the  minute  hand,  but  if  the  clock 
should  reauire  correction,  the  hand  may  be  slipped  round  without  moving  the 
wheels :  tnis  tube  has  a  pinion  of  40  teeth  on  its  lower  end,  indicated  by  a 
dotted  circle ;  this  turns  another  wheel  40,  of  40  teeth,  which  has  a  pinion  of  6 
teeth  on  its  arbor,  turning  a  wheel  72,  of  72  teeth ;  the  two  wheels  40  will  both 
turn  in  an  hour,  and  72  in  12  hours;  the  arbor  of  this  wheel  has  the  hour- 
hand,  and  is  a  tube  eoing  over  the  minute-hand,  so  that  the  two  hands  are  con- 
centric. The  barrel  a  is  fitted  to  an  arbor  coming  through  the  plate  of  the 
clock,  and  is  filed  square  to  put  on  a  key  to  wind  up  the  weiffht :  the  great 
wheel  96  is  not  fixed  fast  to  the  arbor,  but  has  a  click  on  it,  wnich  takes  the 
teeth  of  a  ratehet  wheel  cut  upon  the  barrel ;  so  that  the  banel  may  be  turned 
in  the  direction  to  wind  up  the  weight  without  the  wheel ;  but  by  the  descent 
of  the  weight,  the  wheels  will  be  tamed  by  the  click. 

In  commencing  our  description  of  the  striking  parts,  we  should  observe,  that 
Mr.  Prior  not  havmg  exhibited  their  connexion  witn  the  going  parts  of  a  clock,  we 
have  chosen  the  mode  of  unlocking  the  detent  which  appeared  the  simplest,  and 
admitted  the  easiest  explanation ;  but  various  other  and  perhaps  better  modes 
might  be  contrived  for  effecting  this :  the  dotted  circle  k  has  a  weight  m  sus- 
pended firom  it  by  a  catgut  passing  round  it  like  that  which  passes  round  the 
going  barrel  a;  n  is  a  scape-wheel  of  78  teeth,  connected  with  the  barrel  by  a 
ratehet  and  click,  and  having  12  pins  projecting  firom  its  face,  a  portion  of 
which  are  seen,  marked  2,  3,  4,  5,  6,  7,  8 ;  these  pins  are  ranged  in  a  circle  at 
unequal  diftances,  coneiponding  to  the  number  of  strokes  to  be  struck  at  each 
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succeiBive  hour ;  o  is  the  scapement  similar  to  that  previously  described ;  on 
its  arbor  is  fixed  a  pendulum  p^  of  about  nine  inches  m  length,  and  which  will 
therefore  vibrate  hdf 'seconds  nearly;  but  in  order  to  regulate  the  rate  of 
vibration  at  pleasure,  the  rod  of  the  pendulum  is  prolonged  beyond  tbe  point  of 
suspension,  and  carries  a  small  ball  q  moving  stiffly  upon  it,  and  by  raising  or 
lowering  this  ball  die  vibrations  become  retarded  or  accelerated,  lo  the  lower 
end  of  the  pendulum  rod  is  attached  a  hammer  r,  which  strikes  upon  a  bell  #  at 
every  second  vibration ;  this  effect  is  obtained  by  placing  the  bell  sufficiently 
oblique  to  allow  the  hammer  to  swing  past  it  at  one  vibration,  and  to  impinge 
upon  it  at  the  returning  one.  The  barrel  k  and  escape-wheel  n  are  retained  at 
rest  by  the  locking  detent  t,  which  engages  each  of  the  pins  in  succession  on 
the  face  of  the  escape-wheel ;  this  detent  u  fixed  on  to  the  arbor  of  the  arm  or 
lever  v,  which  is  pressed  by  the  spring  w  against  a  snail  or  cam  a  fixed  upon  the 
hollow  arbor  which  carries  the  minute-hand.  The  snail  is  consequently  cazried 
round  once  in  an  hour,  during  which  time  the  lever  v  is  gradually  elevated,  and 
moves  the  detent  in  like  manner  until  the  lever  arrives  at  the  highest  piut  of 
the  sniul,  when  the  pin  on  the  escape-wheel  is  released  firom  the  detent,  and  the 
wheel  immediately  begins  to  revolve  and  imparts  motion  to  thependulum,  which, 
as  before  said,  strikes  upon  the  bell  at  each  second  vibration,  llie  rotation  of  the 
snail  having  carried  its  highest  point  past  the  end  of  the  lever,  the  latter 
(pressed  by  the  spring  w^  faUs  past  the  straight  side  of  the  snail  to  the  foot  of 
the  same,  and  brings  tne  detent  into  its  locking  position ;  and  when,  by  the 
revolution  of  the  escape-wheel,  the  next  pin  comes  in  contact  with  the  detent, 
the  motion  of  the  wheel  is  arrested.  Clocks  are  sometimes  impelled  by  springs 
instead  of  weights,  as  in  the  one  just  described,  and  are  very  convenient  for 
placing  in  chambers  on  account  of  their  occupying  less  room  than  weight- 
moved  clocks,  llie  construction  of  these  spring  clocks  resembles  that  of  the 
other,  with  the  exception  that  for  the  oarrel  and  weight  are  substituted  a  fusee 
and  spring  barrel,  resembling  the  same  pieces  in  a  pocket-watch,  to  the  descrip- 
tion m  which  we  shall  now  proceed. 

The  essential  difference,  as  we  have  before  observed,  between  a  clock  and  a 
watch,  consists  in  the  former  being  regulated  by  a  pendulum,  and  the  latter  by 
a  balance ;  for  as  to  the  maintaining  power,  it  is  sometimes  the  same  in  boUi, 
since  although  watches  are  not  impelled  by  weights,  clocks  (as  just  mentioned) 
are  sometimes  kept  in  motion  by  sprines  hke  watches.  The  balance  is  a  small 
wheel  fixed  on  an  arbor  or  axis  called  ue  verge,  and  moving  freely  upon  pivots 
at  the  ends  of  the  arbor.  To  the  axis  of  the  balance  the  inner  end  of  a  very 
elastic  helical  spring  called  the  pendulum  is  attached,  and  the  outer  end  is  made 
fast  to  some  fixture.  In  this  state  the  balance  will  remain  at  rest  when  the 
spring  is  in  that  position  which  it  would  assume  if  detached  fh>m  the  balance, 
and  at  perfect  liberty ;  but  if  the  balance  be  turned  on  its  pivots  in  either 
direction,  so  as  either  to  wind  up  or  unwind  the  spring,  the  latter  will,  upon 
the  external  force  being  removed,  tend  to  resume  its  natural  position ;  but  the 
momentum  which  is  thus  imparted  to  the  balance  will  carry  it  past  the  position 
of  rest,  which  wiU  again  alter  the  spring,  and  the  balance  will  asain  be  returned 
past  the  position  of  rest,  and  will  tnus  continue  to  vibrate  untu  the  friction  of 
the  pivots  and  the  resistance  of  the  air  destroy  the  original  impulse.  Hie 
vibrations  of  such  a  balance,  which  passes  through  equal  spaces,  wiU  be  per- 
formed in  equal  times;  these  vibrations,  therefore,  form  the  real  measure  of 
time,  and  the  remaining  apparatus  in  a  watch  is  for  the  purpose  of  registering 
the  vibrations,  and  of  mamtaining  the  motion  of  the  baumce ;  and  this  is 
accomplished  in  watches  hy  means  of  a  train  impelled  by  a  spring  and  fusee. 
The  spring  employed  for  this  purpose  consists  of  a  long  flat  plate  of  steel,  coiled 
up  in  a  helical  form ;  it  is  inclosed  in  a  cylindrical  box  called  the  spring  barrel, 
to  which  its  external  extremity  is  attached,  whilst  its  internal  end  is  connected 
to  a  fixed  axis,  round  which  the  barrel  revolves.  As  the  strength  of  Uie  spring 
is  greater  tiie  more  it  is  coiled  up  by  turning  tiie  box,  its  action  wouM  be 
uneoual  in  impelling  the  work  of  the  clock ;  and  to  remedy  this  inconvenience, 
the  fusee  has  oeen  contrived.    The^fusee  consists  of  a  conical  Uunel^  round 
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which  a  ipiral  groove  is  < 
the  barrel,  hy  nbicb,  as  i 
«  the  Ehun  fint  i 


it,  whfeli  receive*  a  chain  perimuly  wound  round 
is  turned  round,  it  coils  up  the  ipnngi  die  groove 
'■t  the  hue  of  die  cone,  and  as  the  barrel  revolve*, 
•><•  axis ;  by  this  roeatu  the  ttronger  the  ipring  ii 


gradtuUf  brings  _        

coiled  up,  the  shorter  is  the  lever  by  w'luch  it  acts  upon  the  "work ;  a^d  _ 
gradually  uncoils  and  becoDes  weaker,  on  (he  contrary  the  lever  of  action 
becomes  longer. 

Having  thus  explained  the  uaturs  and  operatian  of  the  regulator,  and  of  tlie 
maintaining  power,  we  shall  endeavour  to  describe  the  constructioQ  of  an  ordi- 
nary watch,  with  the  aniatance  of  the  anneud  engravingi.    F^  1  represents 


the  worke,  the  upper  plate  bebg  removed ;  Hg.  2  is  the  upper  plate,  with  the 
cock  removed  to  show  the  balance :  and  I^.  3  ■  general  elevation,  supposed  to  be 
•et  out  upon  a  straight  line,  in  order  to  show  the  whole  at  one  view.  The  same 
letters  of  reference  are  used  to  denote  the  same  parts  in  all  the  lieures.  a  ii 
the  ipring  barrel ;  b  the  chain  attached  l^  one  end  to  the  barrel,  and  after 
being  wound  several  time*  round  the  barrel,  hooked  by  the  other  end  to  the 
fusee  e,  mounted  on  pivots  turning  in  holes  in  the  two  plates  t  e;  one  of  these 
pivots/  projects  a  considerable  distance,  and  u  cut  square  to  receive  a  key,  by 
turning  which  the  fiisee  is  turned  round  ao  as  to  wind  the  chain  upon  it,  which 
causes  the  spring  barrel  to  revolve  also,  and  coils  up  the  spring  into  a  closer 
spiral  than  it  was  when  at  liberty  i  and  upon  the  key  being  removed,  the  spring 
reacts  upon  the  chain,  and  by  that  means  turns  the  fusee.  To  prevent  over- 
winding, a  guard  is  added,  which  consists  of  a  smaU  lever  g,  which,  when  the 
Aisee  has  received  a  certain  nnmber  of  turns  of  the  chain,  presses  against  a 
stop  h  on  the  top  of  the  fbsee.  k  is  the  great  wheel  attached  to  the  base  of  the 
fusee  by  a  ratchet  and  click,  by  which  means  the  liisee  cnn  be  wound  up  with- 
out turning  the  great  wheel;  this  latter  has  48  teeth,  and  turns  a  pinion  of  12 
teeth  on  an  arbor  in  the  centre  of  the  watch,  which  carries  the  minute-hand; 
upon  this  arbor  is  fixed  the  centre  wheel  m,  of  54  teeth,  working  in  a  pinion 
fixed  upon  the  arbor  of  the  third  wheel  h,  of  48  teeth,  which  turns  the 
I'iiiion  of  Ihc  conlrale  wheel  o,  of  48  teeth ;  the  contratc  wheel  gives  motion 


688  HOROLOGY. 

to  a  pinion  of  6  teeth,  which  is  fixed  upon  the  arbor  of  the  crown  or  balance 
wheel  p,  which  has  15  large  teeth,  that  stop  against  two  pallets  alternately 
upon  the  verge  or  arbor  of  the  balance  g ;  these  pallets  are  two  small  teeth 
prcjeeting  from  the  verge  at  nearly  right  angles  to  each  other,  and  constitute 
the  escapemenL  the  object  of  which,  as  in  a  dock,  is  to  prevent  the  train  run- 
ning down  rapidly  by  the  action  of  the  main  sprinff,  as  would  be  the  esse  if 
there  were  no  check  to  it;  but  at  each  vibration  en  the  balance,  one  of  the 
pallets  engages  a  tootii  of  Uie  crown,  thereby  retarding  the  motion  of  the  traiu, 
and  imparting  fresh  impetus  to  the  balance;  and  no  sooner  has  the  pellet 
swung  dear  of  the  tooth,  Dut  the  other  pallet  engages  another  tooth  on  the  oppo- 
site side  of  the  whed.  One  of  the  pivots  of  tne  balance  works  in  a  smaO 
frame  r  called  the  potence ;  the  lower  pivot  of  the  verge  works  in  it  also,  and 
the  upper  pivot  turns  in  a  cock  «  screwed  to  the  plate  e.  The  minute-hand  t  is 
fixed  upon  the  outer  end  of  a  tube  which  fits  tignt  upon  the  arbor  of  the  cen- 
tral wneel,  and  which  carries  upon  its  inner  end  a  pinion  on 2  teeth;  this 
pinion  turns  a  wheel  v  of  48  teeth,  on  whose  arbor  is  a  pinion  of  16  teeth 
turning  another  wheel  of  48  teeth,  the  arbor  of  which  is  a  tube  fitting  upon 
the  other  tube  on  the  central  arbor,  and  carries  the  hour-hand  «.  The  tension 
of  the  main  spring  is  adjusted  in  the  first  instance  by  the  maker,  who  turns  its 
arbor,  on  the  head  of  which  is  fixed  a  ratchet  y,  in  which  a  dick  takes  and 
thereby  holds  it  fast  when  wound  up  to  the  proper  pitch ;  subsequently,  when 
a  watch  is  perceived  to  gain  or  lose  time,  it  is  resulated  by  strengthening  or 
weakening  the  pendulum  spring  1,  Fig,  2,  which  will  cause  it  to  move  quicker 
or  slower.  This  adjustment  of  the  pendulum  spring  is  efiected  thus :  the  spring 
is  fixed  to  a  stud  2  upon  the  plate  e  by  one  end,  and  to  the  verge  of  the  balance 
by  the  other ;  3  is  a  lever  lying  betwixt  the  spring  and  the  plate,  and  turning 
in  a  collar  in  the  plate  concentric  with  the  centre  of  the  baJance,  the  verge  of 
which  passes  through  a  hole  in  the  lever ;  upon  the  lever  b  fixed  a  small  stud 
4  with  a  notch  in  it  to  receive  the  spring ;  the  actine  part  of  the  sprine  is  from 
4  to  the  centre,  therefore  by  turning  the  lever  in  either  direction,  the  length  of 
the  spring  is  altered,  and  in  order  to  regulate  this  length  with  precision,  the  are 
through  which  the  end  of  the  lever  can  be  made  to  traverse  on  the  plate,  is 
divided  into  a  number  of  equal  parts  or  degrees.  In  Fig9. 1  and  3  are  shown 
four  pillars,  by  which  the  two  plates  of  a  watch  are  held  together ;  and  in 
Fig,  2,  the  heads  of  the  same  pillars  are  represented  coming  through  the 
upper  plate,  with  small  pins  put  through  them  to  keep  the  plate  Sown. 

Chronometers  are  portable  time-keepers,  iu  which,  by  the  nature  of  the 
escapement,  and  the  compensations  for  heat  and  cold,  mean  time  is  kept  with 
sufficient  accuracy  to  determine  the  longitude  at  sea.  The  relation  between 
time  and  longitude,  will  be  found  explained  under  the  head  Longitude.  As 
the  principal  differences  between  chronometers  and  other  watches  consist  in 
the  escapement  and  the  balance,  we  shall  not  detain  the  reader  with  a  descrip- 
tion of  the  other  parts  of  these  machines;,  but  shall  proceed  to  describe  more 
fully  the  various  modes  of  constructing  those  grand  essentials  in  all  time- 
keepers, the  regulator  and  escapement,  noticing  particularly  those  employed  in 
chronometers. 

Amongst  the  various  steps  by  which  horolpgical  machines  were  brought 
to  their  present  state  of  perfection,  the  most  important  is  the  addition  of  the 
pendulum,  which  furnishes  at  once  the  most  simple  and  accurate  measure  of  time 
that  wc  are  yet  acquainted  with.  Various  claims  have  been  made  for  the  honour 
of  this  grand  improvement,  but  the  person  to  whom  mankind  is  really  indebted 
for  bringing  it  into  universal  notice,  is  the  celebrated  Christian  Uuygens,  of 
Zuylicheni,  who,  in  his  excellent  treatise  De  Horologio  OtdUatoreo,  has  described 
the  construction  of  a  pendulum  clock,  and  proved  that  he  made  one  before  the 
year  1658.  His  metliod  of  supporting  the  pendulum  in  the  figure  on  the 
following  page,  in  which  a  contrivance  is  resorted  to  for  the  purpose  of  insuring 
its  isochronous  motion,  is  ingenious,  although  it  is  not  quite  correct,  as 
has  been  bIiowu  by  Mr.  Cummings,  in  his  Treatise  on  Watch-Making.  It 
consists   of    two  cycloidal  cheeks  of  brass,  forming  a  curve,   in  which  the 
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■ilk  line  hy  which  the  pendutuni  it  tutpended  movea.  When 
the  art  of  clock-making  had  attained  a  high  degree  of  perfec- 
tion, and  the  appIicatioD  of  thia  inilminent  to  eatronomical 
obs^Tfttiona  rendered  the  utinost  aecuracj  deiirable,  it  wai  looo 
p<>n:eived  that  the  varying  length  of  the  pendulum  rod,  in  eon- 
lequepce  of  iti  expanaion  by  heat  and  contractioil  bj  cold, 
WM  a  source  of  irregularity,  vhich  it  waa  deemed  difficult  to 
overcome.  To  diminish  as  much  ai  possible  these  variation!, 
we  are  indebted  to  that  eminent  artist,  George  Graham,  for 
the  first  application  of  the  principle,  which,  tmder  variaui 
modificaticns,  has  since  been  applied  to  preserve  unchanged  the 
centre  of  oscillation  m  a  pendulum,  and  thtu  to  inaure  the 
performance  of  all  iti  Tibrationa  in  the  same  length  of  time. 
Those  sub.itances  which  were  foaiid  to  be  least  alterable  by 
changes  of  temperature,  (uch  for  example  as  wood,  and  par- 
ticularly deal  (pine),  were  employed  in  tbe  best  clocks.  As 
the  different  metali  are  affected  by  heat  in  different  degreei, 
Graham  conceived  the  idea  that  the  greater  expanaion  of  one 
employed  to  counteract  the  less  expansion  in  another.  After  a  serie 
during  a  period  of  five  or  six  years,  he  succeeded  perfectly,  by  attaching  .»  ».= 
pendulum  rod  a  vessel  containing  mercury,  which  liquid,  when  the  lod  wa» 
expanded  by  heat,  rose,  from  the  same  cause,  in  the  vessel  which  contained  it, 
so  as  to  compensate  for  the  downward  expanaion  of  the  rod.  This  improvemeut 
was  completed  in  the  year  1721.  Five  years  afVrwerds  John  Harrison,  a  car- 
penter in  Barton,  in  Lincoln 'hire,  aubsequeutly  so  celebrated  for  his  improve- 
ments in  chronometers,  invented  and  applied  to  a  clock  of  his  own  manufacture 
the  pendulum,  which  froin  it<  form  is  culled  the  gridiron  pendulum.  In  this 
the  expansion  of  the  iron  rod  is  corrected  bv  the  greater  expansion  of  rods  of 
brass  or  of  zinc,  which  tend  to  raise  the  bob  in  the  «ame  degree  in  which  the 
n  of  the  main  rod  lends  to  lower  it,  and  it  of  course  is  retained  in  the 
e  place :  iu  this  form  the  compensation  pendulum  is,  to  the  pretent  day, 
most  commonly  made.  The  principle  upon  which  these  pendulums  were  con- 
structed ban  received  various  modincations  in  the  hand*  of  different  artists ; 
Harrison's  rods,  for  example,  instead  of  being  arranged  in  the  form  of  a 
gridiron,  have  been  incloseii  in  a  tube,  and  greater  elegance  and  compactness, 
with  a  more  easy  mode  of  adjustment,  have  been  attained;  these,  however,  we 
believe,  comprise  the  whole  merit  of  the 
modern  improremenla. 

The  annexed  figure  represents  the  mode 

of  compensation  proposed  by  Dr.  Feam.     a 

is  the  pendulum  rod  suspended  by  a  flexible 

spring,  in  the  usual  manner,  from  the  cock 

6;  c  ia  a  rod  or  bar  of  zinc  attached  to  the 

back  plate  of  the  clock,  by  a  screw  at  its 

lower  end.     The  head  d  of  this  bar  workd 

upon  a  pin,  which  forma  a  joint,  as  repre- 
sented in  the  drawing.     Through  this  head 

there  is  a  mortice,  which  allows  one  end  of 

the  lever  e  e  to  pass  through  it,  and  within 

which  it  may  be  fixed  firmly  by  means  of  a 

tightening  screw.     The  lever  ae  is  attached 

to  the  clock-plate  by  a  screw,  which  is  also 

iti  fulcrum.      Through  a.  slit  in  the  inner 

end   of    this  lever   the   suspending   Epring 

tomes,  and  in  closely  embraced  by  it  on  its 
>wer  side.  Tlie  operation  of  this  a]^aratu« 
will  readily  be  conceived  ;  as  the  rod  a 
lengthens  by  heal,  or  contracts  by  cold,  the 
'  c  will  be  similarly  affecUid.   The  ( 


r  will  c 
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lever  to  descend,  and,  consequently,  to  embrace  the  fospending  ipruig  at  a 
lower  point,  and  thus  to  diminish  the  effective  length  of  the  pendulum.  The 
mode  of  adjustment  is  obvious,  as  a  ereater  or  lesser  motion  may  be  given  to 
the  lever,  the  upper  end  of  the  rod  e  being  made  to  approach  or  recede  from 
iU  fulcrum.  To  obtain  the  requisite  accuracy,  an  adjustmg  screw  may  be  made 
to  act  upon  the  head  dL 

In  the  year  1818  a  reward  was  given  to  Mr.  Reid  for  a  compensation  pen- 
dulum, in  which  the  bob  r«»ted  in  a  hollow  cylinder  of  line,  tlumigh  which  the 
rounded  end  6  c  of  the  steel  pendulum  rod  is  passed, 
the  zinc  itself  being  supported  bv  the  nut  e  at  the 
end  of  the  rod.  As,  therefore,  the  rod  lengthened 
by  heat,  carrying  the  bob  downward,  so  the  upward 
expansion  of  the  zinc  raised  the  bob ;  and  if  the  rela- 
tive lengths  of  the  steel  and  zinc  were  so  propor- 
tioned mat  the  amount  of  their  ezpansbns  was 
equal,  it  is  evident  that  the  compensation  above 
described  would  be  perfect;  but  it  is  extremely 
difficult  to  effect  this  accurate  proportioning  of  the 
lengths  of  the  two  metals.  The  length  of  the  zinc 
at  nrst  must  be  such  that  its  rate  of  expansion  shaU 
be  in  excess,  and  it  must  be  cautiously  reduced  by 
repeated  trials  till  the  requisite  accuracy  is  attained; 
this,  however,  is  not  done,  except  at  a  considerable 
expense  of  time  and  attention,  to  avoid  which  Mr. 
Reid  has  introduced  the  following  modification. 
He  forms  a  hollow  screw  in  the  cross  bar  /of  the 
bob  g,  and  an  external  screw  on  the  same  rake  on 
the  end  of  die  zinc  cylinder  d ;  this  latter  is  pur- 
posely made  too  long  for  due  compensation,  but  its 
effective  length  may  be  commooiously  and  accu> 
rately  reduced  to  what  is  required  by  screwing  it 
up  as  represented  in  the  figure ;  but  after  this  lias 
been  done,  supposing  the  nut  e  to  have  remained 
stationary,  it  is  evident  that  the  extent  of  gravity  of 
the  pendulum  itself  will  have  been  lowered  by  the 
bob  descending  exactly  as  much  as  the  upper  end 
of  the  cylmder  has  advanced  through  the  hole  in 
the  cross-bar/;  an  adjustment  for  time  is  therefore 
required  after  that  for  compensation  has  been 
effected,  which  is  done  in  the  usual  way,  by  screw- 
ing up  the  nut  e.  This  latter  compensation,  how- 
ever, will  not  be  required,  if  the  rakes  of  the  screvrs  /and  e  are  proportionale 
to  each  other,  as  the  weight  of  the  bob  alone  is  the  sum  of  the  weights  of  the 
bob,  the  zinc  cylinder,  and  the  nut  Thus,  if  the  former  weight  be  assumed  as 
ten,  and  the  latter  as  eleven,  the  screw  at  /  must  have  ten 
threads,  in  the  same  length  that  the  screw  at  e  has  eleven 
threads.  Care  must  be  taken  in  screwinsr  the  cylinder  of  zinc 
up  or  down,  to  place  the  finger  nd  thumb  at  the  ume  time 
on  the  nut,  so  that  the  two  may  turn  together ;  or  the  nut 
may  be  fastened  to  the  cylinder. 

In  connexion  with  this  branch  of  the  subject,  we  may  notice 
the  inverted  spring  pendulum,  invented  by  Mr.  W.  Hardy,  of 
Wood-street,  Clerkenwell.  The  object  of  this  invention  is  to 
ascertain  the  stability  of  the  support  of  clocks,  for  which  pui> 
pose  the  weight  at  its' upper  extremity  is  screwed  down  until 
it  will  perform  its  vibrations  in  the  same  period  of  time  as  the 
pendulum  of  the  clock.  The  inventor  states  that  when  the 
weight  a  is  screwed  up  to  the  top  of  the  steel  rod  b,  it 
vibrates  only  once  or  twice  in  eight  or  nine  seconds,  which 
renders  it  remarkably  susceptible,  and  tliat  its  sensibility  is 
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bo  great  that  the  attraction  of  the  sun  and  moon,  or  of  mountains,  may  be 
observed  by  it :  it  serves  also  for  ascertaining  the  stability  of  buildings,  a  is 
the  weight  screwed  upon  a  steel  rod  6,  which  is  supported  at  bottom  by  a  small 
piece  G^  steel  watch-spring  e,  and  contained  in  a  glass  tube ;  i^  is  a  cap  or 
stopper  to  the  upper  end  of  the  tube,  and  carrying  underneath  a  small  gra- 
duated scale,  over  which  ranges  the  index  at  the  top  of  the  weight.  For  this 
invention  Mr.  Hardy  receiv^  a  reward  from  the  Socie^r  of  Arts.  His  com- 
munication to  them  was  accompanied  by  testimoniab  to  the  value  of  the  inven- 
tion firom  several  eminent  scientific  characters,  amongst  whom  was  Captain 
Kater,  who  employed  the  instrument  to  assure  himself  of  the  stability  and 
freedom  from  tremor  of  the  base  upon  which  his  clock  rested  during  his 
experiments. 

Before  the  application  of  the  pendulum  as  a  ree;ulator  in  clocks,  balances  had 
been  emplovea  for  that  purpose,  but  were  quicKly  superseded  after  the  intro- 
duction of  tne  pendulum ;  but  as  external  motion  is  destructive  of  the  regularitv 
of  the  pendulum's  performance,  the  balance  was  still  the  only  regulator  which 
could  be  applied  in  portable  machines,  and  the  great  improvement  made  in 
that  re^Iator  by  the  addition  of  a  spring  has  caused  it  to  approach  the  pen- 
dulum m  point  of  correctness.  The  first  invention  attaching  a  spring  to  give 
to  the  balance,  by  its  elasticity,  a  power  which  renders  the  action  of  this  sort 
of  regulator  similar  to  that  of  gravity  in  a  pendulum,  is  undoubtedly  due  to 
Dr.  Hooke,  but  he  appears  to  have  applied  it  only  in  a  straight  form.  Hnygens, 
improving  upon  this  idea,  substituted  a  spiral  spring,  which  u  much  more 
favourable  to  the  vibrations  of  the  balance. 

The  alterations  to  which  the  length  of  the  pendulum  is  exposed  by  variations 
•of  temperature,  and  which  afiect  the  going  of  clocks,  have  already  been  noticed; 
but  watches  with  a  balance  are  still  more  exposed  to  irregularity  from  that 
cause,  as  not  only  the  balance  expands  or  contracts  according  to  the  rise  or  fall 
of  the  thermometer,  but  the  regulating  spring  itself  suffers  the  same  changes. 
As  the  balance  contracts,  and  its  diameter  becomes  less,  it  will  be  more  easily 
carried  round  by  the  vibrating  forces,  and  will  then  vibrate  more  quickly ;  and 
as  the  spring  attached  to  the  balance  becomes  contracted  at  the  same  time,  it 
will^likewise  act  with  greater  force  when  cold,  and  on  this  account  the  vibra- 
tions will  be  farther  quickened.  There  are  two  ways  of  correctmg  these  irregu- 
hurities ;  the  first,  which  was  invented  by  Harrison,  consists  in  lengthening  or 
shortening  the  spring  when  heat  or  cold  may  have  given  it  more  or  less  force ; 
the  other  methoa  is  to  cause  the  balance  to  expand  instead  of  contracting  by 
cold,  by  which  means  the  spring,  when  in  the  state  of  great  rigidity,  has  more 
work  to  do;  this  method  origmated  with  Peter  Leroy,  and  has  since  been 
carried  to  great  perfection  by  Arnold.  Harrison  (whose  application  of  the  dif- 
ferent expansion  of  two  metals  to  correct  the  variations  m  the  length  of  the 
pendulum,  has  been  already  noticed),  applied  the  principle  in  a  manner  not 
before  thought  of,  and  made  it  act  on  the  spiral  spring  so  as  to  produce  the 
desired  compensation  in  the  regulator.  His  method  is  described  as  follows, 
(Principies  of  Mr.  Harrison**  Ihne-keeper,  p.  xii — Notes.)  "  The  thermometer 
kirb  is  composed  of  two  thin  plates  of  brass  and  steel,  rivetted  together  in 
several  places,  which,  by  the  greater  expansion  of  brass  than  steel  by  lieat  and 
contraction  by  cold,  becomes  convex  on  the  brass  side  in  hot  weather,  and  con- 
vex on  the  steel  side  in  cold  weather ;  whence,  one  end  being  fixed,  the  other 
end  obtains  a  motion  corresponding  with  the  changes  of  heat  and  cold,  and  the 
two  pins  at  the  end,  between  which  the  balance  spring  passes,  and  which  it 
alternately  touches  as  the  spring  bends  and  unbends  itself,  will  shorten  or 
lene[then  the  spring,  as  the  change  of  heat  or  cold  would  otherwise  require  to 
be  done  by  hand  in  the  manner  used  for  regulating  a  common  watch. '  This 
method  of  effecting  the  compensation,  although  it  evinces  considerable  inge- 
nuity, is  now  seldom  used,  owing  to  the  extreme  difficulty  of  effecting  an  accu- 
rate adjustment;  recourse  is  therefore  had  to  the  principle  introduced  by 
P.  Leroy,  a  modification  of  which  is  seen  in  the  figure  on  the  following  page, 
which  represents  the  balance  of  a  chronometer  as  commonly  constructed.  A 
circular  groove  is  turned  in  the  flat  face  of  a  piece  of  steel,  and  into  thb  groove 
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a  piece  of  good  brass  is  driven,  and  a  little  of  the  solnlion 
of  borax  is  applied  to  prevent  oxydation.  This  comj^und 
piece  being  ttien  put  into  a  crucible,  is  made  sufficiently 
hot  to  melt  the  brass,  which  in  these  circumstances  ad- 
heres firmly  to  the  steel  without  requiring  any  solder. 
The  face  of  the  steel  is  then  cleaned,  and  by  proper  appli- 
cation of  the  mechanical  means  of  turning,  boring,  and 
filing,  the  supMeifluous  steel  is  taken  away,  an4  the  balance 
is  left,  consisting  of  two,  or  sometimes  three,  radii,  and  a 
rim,  the  extemiJ  part  of  which  is  of  brass,  and  the  internal  part  of  steel,  the  former 
metal  being  about  twice  the  thickness  of  the  latter.  In  this  state  the  arms  of 
the  rim  are  then  cut  through  and  diminished  in  their  length,  as  in  the  figure  ; 
and  near  that  extremity  of  each  arc  which  is  farthest  from  its  radius,  is  put  on 
a  piece  or  weight,  which  can  be  slided  alon^  the  arm,  so  as  to  be  adjusted  at 
that  distance  which  shall  be  foimd,  upon  tnal,  to  produce  a  good  performance 
under  the  different  changes  of  temperature;  the  flexure  of  the  arms  by  the  change 
of  temperature  carrying  the  weights  nearer  to  the  centre  in  hot  than  in  cold 
weather,  and  the  more  the  greater  the  distance  of  the  weighU  from  the  radian. 
The  small  screws  near  the  ends  of  the  radii  afibrd  an  adjustment  for  time,  as 
the  balance  will  vibrate  more  quickly  the  further  these  are  screwed  in ;  and  the 
contrary  will  be  the  case  if  they  be  unscrewed  or  drawn  further  out 

Hie  accompanying  cut  shows  a  balance  according  to  the  construction  of 
Arnold,  and  specified  by  him  to  the  com- 
missioners of  longitude.  The  expansion 
weights  are  cylindrical,  and  are  adjusted 
upon  the  arms  by  screwing ;  and  there  is 
an  inner  rim,  upon  which  three  weights  are 
adjusted  by  slidine,  which  serve  to  regulate 
the  going  of  the  time-piece  in  different  posi- 
tions. The  necessity  of  a  different  adjust- 
ment of  the  balance,  according  as  the  balance 
is  to  vibrate  with  its  axis  vertical  to  the 
horizon,  or  parallel  to  it,  will  be  obvious 
when  we  consider  that  the  pivots  of  the  axis 

bear  very  differently  according  to  the  position  of  the  chronometer ;  and  it 
requires  some  management  to  make  the  frictions  the  same,  whether  the  axis  be 
turning  upon  one  of  its  ends,  or  upon  the  two  cylindrical  faces  of  the  pivots ; 
and  stul  more  than  this,  since  the  oalance  itself  has  a  permanent  figure  cooi- 
pared  with  the  spring,  which,  in  every  nart  of  its  vibration,  alters  its  distance 
mim  the  axis,  and  in  every  part  of  its  length  has  a  different  degree  of  rotatory 
motion ;  it  cannot  be  expected,  nor  does  it  happen,  that  a  balance,  which  is 
found  to  be  in  poize  along  with  its  spring  when  out  of  the  chronometer,  will 
make  equal  vibrations,  as  to  time,  in  all  positions  when  in  its  place ;  and  in 
addition  to  these  difiSculties,  there  is  one  part  of  the  vibration  wnere  the  force 
of  the  spring  and  the  inertia  of  the  balance  are  not  simply  in  opposition  to 
each  other,  but  are  combined  with  the  maintaining  power,  viz.  during  the  action 
of  the  escape.  The  remedy  for  all  these  difficuUies,  which  is  happily  adopted 
in  chronometers  for  use  at  sea,  is  to  place  the  axis  in  a  vertical  position,  by 
which  means  the  balance  itself  is  not  affected  by  gravity ;  but  for  pocket  time- 
pieces, the  ingenuity  of  the  artist  is  called  upon  for  expedients  of  which  it 
would  not  be  easy  to  exhibit  a  complete  theory.  The  general  principle  com- 
monly used,  is  to  consider  the  balance,  when  out  of  adjustment  for  position,  as 
a  pendulum  when  above  and  below  the  centre  of  suspension,  acted  upon  by 
gravity,  and,  at  the  same  time,  urged  to  a  quiescent  point  by  the  force  of  elas- 
ticity. In  these  circumstances  the  vibrations  will  be  quickest  when  the  point 
of  stable  equilibrium  is  downward,  and  they  will  be  slowest  in  the  opposite 
positions  of  the  machine.  This  leads  to  the  reroedv  of  diminishing  either  the 
radius  or  the  weieht  on  that  side  whicli  is  lowest  when  the  rate  is  most  quick. 
Thus,  if  one  of  tne  two  adjusting  screws  in  the  first  of  the  preceding  balances 
were  downwards  in  the  position  of  quickest  rate,  that  screw  would  require  to 
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be  icrewed  a  very  little  quantity  inwaida,  and  the  oppoiite  fcrew  to  be  screwed 
a  like  quantity  outwards,  in  oraer  to  remedy  this  imperfection  without  mnch 
alteration  of  the  other  adjustments.  And  ir  a  like  imperfection  were  found  in 
the  vibrations  of  the  balance  when  tried  in  a  vertical  position,  having  the  lowest 
point  at  rest  in  a  line  at  right  angles  to  a  line  passing  through  the  radii,  a 
similar  alteration  must  be  made  in  the  expansion  wei^ts,  either  by  a  carefbl 
flexure  of  the  circular  arcs,  or  by  altering  the  quantities  d  those  weights ;  or 
else  by  means  of  small  drcular  screws  tapped  into  the  wei|;hts  themsenre^  and 
durected  towards  the  centre  like  the  weistiti  at  the  extremities  of  the  radii.  By 
these,  and  other  correspondent  means,  the  balance  may  be  made  to  keep  time 
in  all  those  nositions  wherein  its  plane  shall  be  perpendicular  to  the  horison ; 
but  even  in  tnese  trials  very  great  pains  and  labour  may  be  required  to  produce 
a  high  degree  of  accuracy ;  and,  after  all,  as  the  quantity  of  action  in  the 
spring  must  alter  the  quantity  of  pendulous  eflfect  in  this  curious  and  ddieate 
time  measurer,  it  may  m  doubted  whether  iJ^e  adjustments  for  position  in  the 
vertical  balance  can  oe  effectual  any  longer  than  while  the  ares  of  vibration 
renuun  the  same.  This  consideration  points  to  the  necessity  of  an  adjustment 
in  the  maintaining  power,  in  order  that  the  vibrations  shall  not  fall  off;  the 
means  of  efiecting  this  will  be  shown  in  treating  of  the  different  sorts  of  escape- 
ments, to  the  consideration  of  which  we  shall  now  proceed. 

The  escapement  is  a  general  term  for  the  manner  of  communicating  the 

motion  of  tne  wheels  to  the  pendulum  of  clocks  or  balance  of  watches.    One 

of  the  Vnost  ancient  escapements  is  that  which  is  now  applied  in  almost  all 

common  pocket  watches:  it  is  represented  in  /%.  1,  and  is  best  suited  to  the 

long  vibrations  of  the  balance,  which  was  invented  earlier  than  the  pendulum. 

a  b  denotes  the  rim  of  a  contrate  wheel,  pig,  i. 

called  the  crown  wheel,  having  its  teeth 

pointed  and  sbped  on  one  side  only,  so  that 

the  points  advance  before  any  other  part  of 

the  teeth  during  the  motion,    c  and  d  are 

two  pallets  or  &ps,  proceeding  downwards 

from  the  verffe  ef.    The  pallets  are  neariy 

at  right  an^es  to  each  other;  and  when 

the  balance  /^,  fixed  .on  the  veive,  is  at 

rest,  the  pallets  remain  inclined  to  Sie  plane 

of  the  wheel,  in  an  angle  of  about  forty* 

five  demes;  but  when  it  is  made  to  vilnste, 

one  of  the  pallets  is  brousht  nearer  to  the 

perpendicular  position,  whue  the  other  becomes  more  neariy  parallel.    The  wheel 

must  be  supposed  to  have  one  of  its  teeth  resting  against  a  paOet  by  virtue  of 

the  maintaining  power.    This  tooth  will  slip  off  or  escape  as  the  pallet  rises 

toward  the  horiaontal  poeition,  at  whidi  instant  a  tooth  on  the  opposite  side  of 

the  wheel  will  strike  aj^ainst  the  other  pallet  which  is  down.    The  returning 

vibration,  by  raising  this  last  pallet,  will  sui^  that  tooth  to  escape,  and  another 

tooth  will  apply  itself  to  the  first-mentioned  pallet.    By  this  alternation,  the 

crown  wheel  wDl  advance  the  quantiw  of  half  a  tooth  each  vibration,  and  the 

balance  or  pendulum  will  be  prevented  from  coming  to  rest,  because  the  impulse 

of  the  teeth  against  the  pallets  will  be  equal  totiie  resistances  from  friction,  and 

the  reaction  of  the  air.    This  escapement  not  beine  adapted  to  such  vibrations 

as  are  performed  through  arcs  of  a  few  degrees  (mly,  another  construction  has 

been  made,  which  has  beea  in  constant  use  in  docks  for  this  century  past, 

with  a  long  pendulum  beating  seconds.   I^,  2,  on  the  next  page,  a  b  represents 

a  vertical  wheel,  called  the  swing  wheel,  having  thbty  teetii.    c  d  represents 

a  pair  of  pallets  connected  toother,  and  movable,  in  conjunction  with  the 

pendulum,  on  the  centre  of  axis  /    One  tooth  of  the  wheel  in  the  present 

poeition  rests  on  the  inclined  suriaee  of  the  inner  part  of  the  pallet  c,  upon 

which  its  disposition  to  slide  tends  to  throw  tiie  point  of  the  pallet  fortner 

firom  the  centre  of  the  wheel,  and  consequentiy  assists  tiie  vibration  in  that 

direction.    While  the  pallet  c  moves  outwsrds,  and  the  wheel  advances,  the 

point  of  the  pallet  d,  ot  course^  approaches  towards  the  centre,  in  the  opening 
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oneoTtbe  detenti,  tiiiipnTenti  tbewhid  ftmnmoting  any  (bttber,  andkae^ 
the  renovatine  ipring  man  MU^ng  off  the  pcunt  of  the  tooth ;  in  thii  pod- 
tioa,  the  penmilum  ii  quite  detached  from  the  wheel ;  noir,  if  the  pendulum  be 
cauaed  to  Tibrate  to  the  right,  tlie  part  of  it  marked  2  comes  againit  the  upper 
iiin,aeeD  inFlg.2,  projectins from  the  renovating  iptijiK.  Mid  puahetthia spring 
Boia  the  point  of  the  wheel  >  tooth ;  on  nbrating  a  little  fiirther,  the  pendulnm 
remove*  the  detent  which  detained  the  wheel,  bj  the  part  3  itrikiog  the  lower 
pin,  ^.  2,  which  prcgecti  from  the  detent ;  die  maiDtaining  power  ol  the  dock 
caiuea  the  wheel,  thui  unlocked,  to  advance  until  detained  b;  a  tooth  teitiiig  upon 


the  Nid  of  the  other  detent  on  the  oppoeite  tide ;  b^  thii  means  the  renovating 
•pringwillbe  clearof  the  tooth  ofthewheelai  it  retuma  with  the  pendulum,  aoa 
givea  it  an  impulae  with  iti  pin  pieni]^  usinit  the  part  2  of  the  pendulum, 
until  the  tpciiig  cornea  to  the  poaition  ahowD  iy  the  doUM  line,  in  which  poaitian 
it  ia  unwound,  and  reita  agamst  a  pin  fixed  againit  a  croaa  bar  of  the  plate  ; 
the  pendulum  continue*  vibradng  to  the  lefl^  nearly  to  the  extent  of  iti  vibra- 
lioii,  when  the  part  1  meeti  the  pin  in  the  aame  detent,  and  remove*  it  bma 
the  wheel,  and  unloeka  it ;  the  niamfjiwing  power  now  carriea  it  forward, 
ling  the  ranovaling  vring  before  it  mini  another  tooth  ia  caught  by  the 
dMent,  which  detanu  Uk«  wheel  in  the  podtian  fint  deacribed,  the  renovating 
wriiig  bcii^  wound  np  ready  to  give  anouer  impuUe  to  the  pendulum.  The 
inn  ia  not  £«d  to  the  renovnting  qirit^  itiel^  but  ii  part  of  a  piece  of  biwa, 
which  if  aerewed  bat  to  the  leoovating  nuing,  and  i«  made  very  elender  near 
the  acrew  which  faaten*  it ;  thia  permita  the  renovating  Bpring  to  give  way,  if^ 
by  the  weight  bong  taken  off  the  dock,  or  any  other  accident,  the  eicape 
woed  ahouM  be  wound  backward*,  ao  aa  to  eaten  on  the  detents  improperly. 
The  weight  in  the  preceding  £gurea  merely  repreient*  the  meant  by  which 
the  eacue  wheel  waa  put  in  motion  in  the  model  preaented  to  the  Society,  which 
•onciitea  merely  of  the  eacapement ;  but  when  attached  to  a  dock,  the  remon- 
tcrin  ^ring  ia  wound  up  by  the  maintaining  power  of  the  clock  tranamitted  to 
the  eaeape  wheel  by  mean*  of  the  train. 

_  Clinnometera  and  dodu  for  aitronomieal  purpoae*,  in  which  extraoidjnaij 
aiee^  in  the  exact  meaeorement  of  time  u  necanaiy,  have,  beddet  the  ecnn- 
peniatioa  penduluma  or  balancaa,  and  detached  eacapement*,  before  deacribed 
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jewelled  palleti,  and  all  their  pivotrholei  jewelled :  thev  are  likewise  provided 
with  a  contrivance  for  continnm^  their  motion  during  tbe  time  of  winding  up, 
when  the  action  of  the  maintaimng  power  is  suspended.  For  this  purpose  a 
second  larger  ratchet  wheel  is  added  on  the  same  arhor  which  admits  the  clock 
to  be  wound  up,  but  with  teeth  pointing  the  contrary  way ;  a  strong  spring,  usually 
the  greatest  portion  of  a  drcle,  connects  this  laige  ratchet  whed  with  the  great 
wheel  of  the  dock,  which  is  on  the  same  axis  with  it,  one  end  of  diis  spring 
being  attached  to  the  great  wheel,  and  die  other  to  the  large  ratchet;  and  a 
catch  proceeds  from  the  inner  face  of  this  back  plate  to  the  teeth  of  this  ratchet, 
which  prevents  its  moving  back  when  the  clock  is  winding  up,  and  serves  as  a 
support  for  the  reaction  of  the  maintaining  spring.  When  tne  dock  is  left  to 
the  action  of  the  weight,  the  small  ratchet  turns  round  the  larger  one,  and  con- 
tracts or  coils  up  the  spring  till  it  has  strength  sufficient  to  impel  the  great 
whed  and  train;  and  when  the  action  of  the  weight  is  suspended^  as  in  wind- 
ing up,  the  spring,  freed  from  the  contracting  power  of  tne  weight,  expands 
itself  and  forces  round  the  great  wheel,  its  action  in  the  contrary  direction  on 
the  groat  ratchet  being  prevented  by  the  catch  before  mentioned.  Leroy  is 
considered  to  be  the  inventor  of  die  spring  impeller  to  provent  loss  of  time  in 
winding  up,  but  the  idea  of  continlli^g  tne  motion  or  the  train  during  this 
time  originated  with  Hu^gens,  for  he  contrived  a  method  by  which  the  weight 
of  his  clock  should  eontmue  to  act  on  his  train  whilst  it  was  drawing  up ;  the 
weiffht  in  his  dock  having  been  made  to  draw  up  in  a  similar  manner  to  that 
used  in  common  wooden  docks,  instead  of  being  wound  up  as  in  our  metallic 
docks. 

What  has  been  already  advanced,  will,  we  trust,  be  suffident  to  convey  a 
clear  idea  of  the  naturo  and  general  constmedon  of  horological  machines ;  but 
peat  diversities  in  their  form  and  a  variety  of  curious  movements  have  been 
mtroduced  by  the  taste  and  ingenuitv  of  artists  in  this  branch :  some  of  these 
exdte  admiration  by  die  nnmMr  and  intxieai^  of  the  component  parts,  and  the 
admirable  precision  with  which  they  act,  whilst  odiers  evmce  equal  ingenui^ 
by  the  stmplidty  of  the  means  adopted  to  obtain  the  end  proposed.    Of  this 
last  description  of  clocks,  none  have  as  yet  exceeded  that  invented  by  the  cde- 
brated  Dr.  Franklin ;  it  shows  the  hours,  minutes,  and  seconds,  and  yet  con- 
tains but  three  wheels  and  two  pinions  in  the  whole  movement    The  lowest 
wheel  contains  160  teeth,  and  goes  round  once  in  four  hours ;    it  carries  the 
hand  on  its  axle,  which  points  out  both  the  hours  and  the  minutes,  as  will  be 
described,  and  it  tunis  a  pallet  above  it  of  10  leaves,  on  die  same  axis  with 
which  is  a  wheel  of  120  teeth,  that  gives  motion  to  a  pdlet  of  8  leaves :  die 
second-hand  is  annexed  to  the  same  axis  with  this  latter  pallet,  as  also  the 
awing^wheel,  which  carries  30  teeth,  that  gives  motion  to  the  pallets  of  an 
anchor  escapement,  and  to  its  pendulum  that  vibrates  seconds.  The  dial  of  this 
dock  is  of  smgular  formation ;  the  external  cirde  on  it  contains  240  divisions, 
numbered  from  1  to  60,  in  four  successive  notations ;  this  cirde  shows  the 
minutes ;  within  it  the  hours  aro  arranged  in  three  concentric  cirde^  or  in  a 
vdute  of  three  revdutions  along  four  radii,  which  form  right  angles  widi  each 
other.    By  this  arrangement,  while  the  point  of  the  hand  shows  die  minute,  its 
side  exhibits  the  hour;  or,  more  stricdy  speaking,  shows  that  the  hour  is  one 
of  diree ;  but  so  that  it  will  hardly  ever  happen  that  any  doubt  w31  remain  of 
which  it  may  be,  as  there  are  four  hours  dmerence  between  the  figures  next  to 
each  other  on  the  same  radial  line.    A  small  cirele  is  placed  above  the  mat 
one,  and  divided  into  60  parts  lor  the  seconds.    This  dock  was  wound  up  oy  a 
line  going  over  a  pulley  and  ratchet,  on  the  axis  of  the  great  wheel,  by  which 
the  weight  was  drawn  up  in  the  same  manner  as  in  the  common  wooden  docks. 
Many  S  these  docks  have  been  made  which  are  found  to  measure  time  exceed- 
ingly well    The  small  imperfection  in  this  dock,  of  its  leaving  the  uncertainty 
mentioned  as  to  which  of  tmree  hours  it  denotes,  though  so  easily  corrected  by  the 
judgment,  has  given  rise  to  some  ingenious  contrivances  to  obviate  it    Of  these 
the  most  curious  is  that  which  forms  the  subject  of  the  engraving  on  page  698.  To 
the  great  wheel  of  this  dock  two  concentric  plates  are  annexed,  the  external 
one  of  which  has  a  groove  cut  through  it  along  the  line  of  a  volute  of  three 
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rerolutiDn*.    Thii  groore  (orai*  s  trougb,  in  which  a  meUl  ball  i»  jdaeed,  put 
of  which  ii  teeo  through  the  eicmvKtion  benesth  the  hour  11  in  the  figure 

the  plate  and  grooi' ^  ...- i._..__n_  _i_ — .i___i._  _..n 1 

nearer  the  centre  M 

Talli  inlo  another  tr    „  ,    , 

the  Toiute.    The  hnma  are  engraved  between  the  revolution*  of  the  vofailt. 


teen  [onnign  me  eicavanon  oeneaiu  ue  nonr  ii  in  uie  ngure;  ■* 
A  groove  turn  ronnd,  the  ball  rolli  along  the  vohile,  still  apjBoaehiog 
lenlre  at  it  pmceedi ;  aod  when  it  at  hit  arrivei  at  the  centn,  it 
other  trongb,  by  whkh  it  U  again  convejred  to  the  exlenial  part  at 


and  the  minutes  are  marked  in  four  dividom  of  60  each,  upon  aD  external 
fixed  cirele,  to  which  an  index  annexed  to  the  volute  plate  point*.  3«t«9«1 
of  these  docki  were  to  be  eeen  in  the  watchmaker'i  ehopi  m  London  teme 
year*  ago,  but  we  believe  the  author  of  thii  ingeniout  contrivance  i>  unknown. 

In  addition  to  the  parts  which  inea«ure  and  register  time,  and  therefore 
alone  constitute  a  watch  or  clock,  various  appendages  are  at  times  connected 
with  them  for  pleasure  or  convenience,  as  chimes  and  puppet*  to  clo^>, 
musical  and  repeating  movements,  &c.  to  watches ;  but  as  these  are  not  atnedy 
compiited  under  the  head  r>f  horologr,  we  shall  merely  notice  one  or  two 
inventions  of  this  class,  our  ILmits  not  allowing  us  tn  do  more. 

One  very  useful  addition  which  is  frequently  made  to  clocks  and  watches,  m 
the  alarum,  or  contrivance  for  calling  attention  at  aoy  fixed  period  of  time.  An 
excellent  arrangement  of  this  kind  is  the  paiait  detached  alarum  nolcA,  inreated 
by  Mr.  Berollas,  of  the  City  Road,  wbicb  is  an  improvement  upon  a  fonBcr 
invention  of  the  same  genueman  called  the  loammg  aaU/i.  In  the  jimn  iil 
invention  all  the  useful  part*  of  the  watch  are  retained,  while  those  that  wore 
inconvenient  or  had  a  tendency  to  disturb  its  regular  movements  are  here  In 
a  detached  state.     The  advantages  that  result  from  this  arrangement  are,  fint. 
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the  appUcalulitT  or  adaptation  of  the  invention  to  all  kinds  of  watehei,  irhil- 
ever  mmy  be  tlie  principle!  of  their  conttructJan ;  Mcond,  the  almim  being 
detached  from  the  watch,  it  can  be  made  to  produce  a  noiie  tuffidently  loud  for 
a  home  alanim ;  third,  alirnun  watchei  u  before  conitnicted  wen  inconienient, 
from  their  bulk,  to  wear — by  thii  contrivance  they  may  be  made  a*  flat  and 
thin  ai  nuty  be  deiired  i  and,  lastly,  (he  ezpenie  ii  much  leu  than  any  watchee 
hitherto  made  of  litniUi  performance.  I^.  1  repreienti  the  mechaniim 
attached  to  the  watch,   by  which 


e  alarum  ii  locked  and  unlocked. 


The  index  by  which  the 
aiaium  is  set  to  the  proper  time  of 
going  o^  ia  attached  to  a  hollow 
axle  fitted  upon  the  arbor  of  the 
ordinary  houi^wheel.     Thii  index 


wheel  4,  which  worki  into  an  inter- 
mediate wheel  7,  which  worki  into 
the  wheel  6,  and  thii  tatter  works 
into  a  wheel  3,  fixed  at  right  an- 
gle* to  it  upon  the  Hjuaro  end  of 
Uie  itMl  athor  liwhich  nmi  throogh 
the  pendant  and  hai  at  iti  other 
extremity  a  milled  nut  2,  by  turning 
which  nut  it  it  obnou*  that  motion 
will  b«  convoyed  to  the  alarum 
wheal  and  index  to  set  it  at  any 
particular  hour.  To  prerent  the 
train  being  turned  the  wrong  way, 
and  to  retain  die  index  in  its  ^lace,  a  tmall  ratchet  wheel  ii  6xed  upon  th« 
i^uare  part  of  the  ttvel  arbor  1,  into  which  ratchet  a  apriug-pall  5  All*.  The 
hollow  axil  of  the  alarum  mdex  i*  mode  of  tleel,  and  on  ite  undernda  ia  formed 
into  a  flat  circular  nlate,  ai  at  41,  which  repretenta  the 
reverae  dde  of  the  wneel  4 ,-  and  in  thii  plate  a  notch  ii  cut 
■traight  down  on  one  aide,  and  aloping  on  the  other,  as 
•hown  at  45,  which  is  a  section  of  the  wheel  and  hollow 
axle,  the  straight  lide  of  the  notch  ties  in  the  direction  of  a 
radius  of  the  flat  plate  in  44.  The  houi^wheel,  marked 
A,  fiff.  2,  liei  immediately  underneath  the  alanun  wheel, 
and  hat  on  itt  under  side  an  oblong  steel  plate,  1,  2,  3, 
in  the  detached  figure  A  of  Fig.  2,  which  is  called  the 
detent.  The  detent  ia  spring-tempered,  has  a  hole  in  its 
centre  for  the  free  passaie  of  the  cannon  arbor,  and  is 
fixed  flat  upon  the  hour~wEeel  bv  a  small  icrew  and  steady 
pin  at  2;  into  the  oppodte  end  of  the  detent  plate  at  I, 
IS  riretted  a  imall  pin  of  sufficient  length  to  pass  through 
a  hole  in  the  hour-wheel,  and  to  project  beyond  the  upper 
surface  of  the  same  in  such  manner,  that  nhen  (he  hour- 
wheel  and  the  alarum-wheel  are  pot  togedier  in  their  right 
placet,  and  this  pin  preiae*  unon  the  flat  surface  of  the  steel 
plate  44,  the  end  1  of  the  aetent  is  depressed  below  the 
under  Ekce  of  the  hour-wheel,  but  when  it  comes  over  the 
notch  it  falls  into  the  same,  and  allows  the  end  of  the 
detent  to  rise  and  lie  Sat  in  the  recess  in  the  hour-wheel.  The  end  1  of  the 
detent  acti  upon  the  circular  end  2  of  a  flat  steel  spring  C,  lig.  1,  and  shown 
detached  in  the  following  page ;  it  is  called  the  elevator,  and  Is  fixed  in  it* 
place  fay  the  screw  and  steady-pin  at  Z,  which  end  is  thicket  than  the  other 
parts  of  the  spring,  so  that  the  end  2  is  raised  above  the  {date  on  which  it  is 
nied ;  the  degree  of  elevation  may  be  adjusted  by  tummg  the  screw-top  at  y, 


700 


HOROLOGY. 


> 


wlndi  irarb  ft«dy  tliroagh  ft  hole  in  the  dsralor.  The 
end  1  cf  the  detent  preMci  upon  the  devntor  in  mch 
manner,  theft  whileft  tlie  detent  it  depneecd  it  holdi 
downtlMend2  of  tbeelerftftor;  bntnioon  as  the  pin 
in  the  detent  enteit  the  notch,  snd  the  detent  iiee%  the 
presiafe  is  withdrawn  from  the  derator,  and  it  Kkewise 
ikee  to  diiehaige  the  ahunm,  which  it  doea  throo^  dw 
medium  of  another  piece  called  the  propdler,  drawn  in 
iti  proper  pUee  and  form  at  D,  /S^.  1,  and  dao  diown 
in  me  detached  figure  in  the  maigm.  It  ie  a  ateel  lever 
without  ipring,  and  turning  i^ion  the  lerew  «  aa  a  ftd- 
cmm ;  it  haa  a  pnjecting  mece  W,  which  is  formed 
into  an  inclined  plane^  ana  hkUy  polished  and  har> 
dened ;  thk  inclined  pluie  fidls  directly  under  the  end  2 
of  the  elevator  C»  also  polished  at  this  part;  consequently, 
whenever  the  devator  is  depteamd  hy  the  detent,  its 
end  2  mSl  press  upon  the  incfaned  plane  W  of  the  pro- 
peller, and  drive  its  end  V  ootwaros;  tlus  end  is  formed 
mto  a  portion  of  a  drde  not  concentric  with  «,  and 
prewsB  against  the  locker  E,  ^.  1,  which  is  a  cylin- 
driosl  piece  of  sted,  having 'in  its  outtr  end  a  small  pin  «  pqjectin^  through 
the  case  of  the  watch;  the  locker  £  moves  between  two  pms,  and  is  pre  mud 
against  tbeend  of  the  propeller  D  by  the  spring  F,  and  kept  at  all  times  in 
contact  with  it  The  combined  eflbct  of  the  several  parts  may  be  hiielij 
recapitnlated  as  follows : — whiirt  the  detent  is  dcpiemod,  it  messes  down  tlm 
circular  end  of  the  devator  e,  which  acting  iroon  the  indinea  plane  W  of  the 
propeller  D,  foroes  its  circular  end  against  the  locker  E,  and  canam  its  small 
pin  «  to  protrude  beyond  the  case^  in  which  state  it  will  remain  untQ,  by  tha 
revdution  of  the  hour-hand,  the  pin  in  the  detent  falls  into  the  notch  on  die 
darum  arbor ;  when  the  elevator  rises,  and  the  presMire  being  withdrawn  from 
the  indined  plane  of  the  propeller,  the  locker  £  is  pushed  in  by  the  spring  P» 
and  remains  in  that  poution  until  ihe  doping  side  of  the  notch  44  has  been 
moved  round  suffidently  to  deprem  the  detent  spring  again.  The  dxive  is  all 
that  is  necessary  to  form  the  union  between  thesoing  parts  of  any  watch,  and 
a  detached  alarum,  because  it  will  be  evident  mat  such  alarum  may  be  dis- 
engaged or  set  off  by  the  sudden  withdrawd  of  the  locker;  we  shall  therefore 
proceed  to  describe  tne  manner  in  which  the  alarum  movement  b  operated 
upon,  whether  the  alarum  of  the  bdl,  rattle,  or  any  other  kind. 

An  alarum  movement  in 
its  separate   state  is  repre-  ^^ 

sented  at  G  H,  in  the  an- 
nexed figure,  and  consists  of- 
a  frame,  the  upper  plate  of 
which  is  nearly  half  an  inch 
less  than  the  pillar  plate,  in 
order  that  the  works  may  be 
covered  by,  and  contained 
within  the  bell,  as  shown  at 
Fig.  2,  which  is  a  section  or  pro- 
file of  the  darum  movement. 
A  going  barrel,  which  contains 
the  mainspring,  is  placed  in 
the  centre  of  the  tM  frame^ 
and  a  steel  wheel  cut  with 
ratchet  teeth   to   work   tiie 

hammer  is  fixed  on  the  upper  part  of  tiie  sud  barrd,  its  otiier  side  carrying 
the  mdn  wheel  to  drive  ihe  tram,  which  generally  consistB  of  three  wheds  and 
four  i»inion8.  The  alarum  hammer  has  a  spring  and  a  regulating  spring  on  the 
opposite  ride  of  the  plate  as  shown  at  K,  1^.  4.  The  fl^  pinion  has  an  arm  <^ 
steel  fixed  on  ite  arbor,  and  as  tiiis  comes  in  contect  with  the  projecting  pin. 
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the  vorkt  are  locked,  and  the  alarum  prerented  from  ninniog  down ;  bat  bo 
■oon  ai  the  pin  H  ii  moved,  tha  whole  i>  at  liberty,  and  free  to  more ;  the 
pin  H  passes  through  a  hole  in  the  plate,  and  riiei  from  the  locking  lever  H 
on  the  other  nde  of  the  plate,  as  shown  in  ("ig.  4,  where  it  may  be  seen  that  thii 
locking  lever  turni  on  a  screw  pivot  at  itn  inner  end,  and  is  constantly  pressed 
to  one  side  by  the  force  of  the  aprlng  P,  which  operates  in  such  a  direelion  as  to 
throw  the  pin  out  of  contact  with  the  iteel  ann  of  the  fly  arbor,  and  conseijuentty 
alwayi  keepi  the  alarum  work  in  a  free  state  for  motion ;  but  it  may  belacked 
at  any  time  b^  pushing  the  looking  lever  H,  Fig.  4,  back- 
wards, or  against  the  action  of  its  spring  P ;  a  vire  tail,  1, 
rites  Mrpendieularly  out  of  the  oirleT  end  of  the  locking 
lever  H,  and  it  i*  this  wire  tail  (hat  is  to  be  enga^  with 
the  small  end  /  of  the  locker  E  /,  Kg.  I,  whenever  die 
alarum  is  to  be  wound  up  and  set.     This  locking  lever 


of  the  alaram,  formed  of  open-work,  ehued  or  otherwiee 


emamented,  and  having  tt 

of  an  external  watch  case;  _  

with  a  spring  catcb,  and  thereby  boldi  it  steadily  in  its  pr^er  podtion;  the 
alarum  movement  is  fixed  in  thii  external  case,  with  the  pillar  ^ate  upwards, 
and  the  works  and  bell  downward ;  consequently,  the  wire  tail  I,  Fig.  4,  prtgeeti 
opwardi  into  the  caie,  and  in  placing  the  watch  within,  it  is  necessary  to  obaerve 
that  the  projecting  end  of  the  locker  i,  fu.  1,  comes  behind,  and  engage* 
with  tbia  wire  taiX,  ai  seen  at  H  F,  fig.  5,  m  such  manner,  that  it  may  push 
back  the  lockiiu  lever,  H,  Fig.  4,  and  theraby  lock  the  train  of  the  alarum 
when  the  rim  M  it  to  be  tbut  down,  and  the  alarum  baud  tet  at  aJbmaid 


»  Qpon  1 
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„„„  Iho  dul  when  it  it  to  be  disctumd.  The  bUthih  mtj 
then  be  wound  op  by  the  key,  or  milled  bead  K,  fig.  2,  wluch  it  temrad 
upon  the  main  tpring  titor,  - 

to  that  it  can  only  turn  it  J 
in  one  direction  without  im- 
•crewing,  and  the  machine 
wiU  be  read;  to  operate ;  be- 
canae  at  the  aHigned  homr 
«nd  minute,  the  endi  of  the 
locker  will  be  withdrawn  into 
the  watch,  thetebj  releai- 
ing  the  wire  tul  I,  and  the 
locking  leret  H,  F^.  4,  by 
which  the  alanim  will  be  dia- 
eharged,  and  wUl  inttaully  run 

What  hat  been  *aid  of 
the  bell  alarum  movement, 
equally  appliei  to  rattle  more- 
meat*,  became  they  coniiil 
of  the  tame  parti,  and  are 
conitructed  and  u«ed  in  the 
■ame  manner,  except  only  that  the  bell,  the  hammer,  and  the  iteel  ratchet 
wheel  for  working  the  tame,  and  the  springs  conaecled  therewith,  are  dit- 
penied  with,  and  m  lieu  thereof  the  rattle  movement,  shown  in  Fig.  6,  is  tnb- 
itituted.  This  coniiiu  of  two  atrong  iteel  wheeli  N  N,  ao  liied  or  ecrewed 
upon  the  ouUide  of  the  upper  ^^^^^^^^ 

plate  that  they  may  both  prett  ..^^^Hi^^^^^^     ^''-  ^• 

m  the  tame  direction  »g«in«t  -J^^^^^rtf^^^^^^ 

the  two  strong  pins  or  studi  g  q 
to  receive  them,  and  the  up^r 
plate  may  in  this  construction 
be  made  of  the  same  diameter 
as  the  lower  pUte,  became 
there  it  no  bell  to  go  over  it. 
A  coarse  steel  pinion  M  b  fixed 
on  to  a  square  upon  the  con- 
tinued arbor  of  the  first  wheel 
in  the  movement,  and  which 
wheel  for  thii  purpose  is  brought 
nearer  to  the  edge  of  the  plate, 
in  such  manner  that  the  lever 
of  the  said  pinion  may  engage 
with  the  ends  of  both  the 
springs  N  N,  and  by  its  revo- 
lution may  carry  them  some 
distance  towards  r,  and  on  their  return  they  strike  against  the  pins  q  q,  and 
produce  a  powerful  rattling  noite ;  more  or  leu  springs  dib^  of  course  be  used 
for  a  similar  purpose,  according  to  the  extent  of  noise  required. 

Of  late  years,  the  ingenuity  of  watch-makers  has  been  much  exercised  in 
the  winding  up  of  nalchet,  without  the  I'mployment  of  detached  keyi ;  but 
from  the  difficulty  of  applying  luchan  improvement  to  watches  having  fusees, 
their  efibrtt  have  been  solely  directed  to  the  windiug  up  of  those  having  g^f- 
bamlt;  and  various  contrivances  have  been  proposed  and  adapted  to  tCe  latter 
for  that  purpose.     Mr.  Berollaa,  whose  patent  detached  alarum  watch  we  have 

i'ntt  bean  describing,  has,  however,  overcome  all  the  obstacles  which  the  sub- 
set opposed  to  him,  and  has  contrived  the  meant  of  winding  up  walchei  of  both 
cons^uction  without  keys,  by  a  contrivance  exhibiting  great  simplicity  as  well 
as  iiwenuity.  For  this  invention  he  has  taken  out  a  patent,  and  fimn  tfac 
speciaoation  of  it  we  make  the  following  extracts;  which,  together  with  the 
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innesed  eagraved  figure*,  will  give  the  reader  b  fill]  iniigbt  into  ths  ■nniwe' 
inent  and  the  mode  of  conatnicting  this  useful  improvement.  "  llie  ant 
mover,  or  power,  in  moit  horolagical  works,  ii  obtained  either  b;  the  action  uf 
a  weight  or  spring.  In  pocket  watchei,  the  power  ii  obtained  bv  a  spring 
called  the  main  i[Hing,  which  ii  enclosed  in  a  box  called  the  barrel.  Now  there 
•re  two  distinct  ways  of  applying  the  power  of  this  main  spring  to  the  Gnt 
wheel  of  a  walcb ;  one  of  them  coaiiBts  in  the  intervention  or  agency  of  a  fiuee, 
which  is  put  upon  the  first  wheel ;  in  the  other,  the  first  wheel  Is  put  upon  the 
barrel  iUelf  that  contains  the  spring,  which  arrangement  is  distinguished  from 
that  having  a  fiisee  b;^  'he  term  '  going-barreL'  Watches  havins  g<ung-faarrels 
are  wound  up  by  turning  round  the  biurret  arbor* ;  and  watches  having  fusees, 
by  the  fiisee  arbors.  Hj  invention  oonuits  in  a  new  mechanical  arrange- 
ment, applicable  to  the  winding  up  of  horological  works.  First,  as  respects 
what  is  termed  a  going-bairel,  the  following  are  the  contrivance*  that  I  have 
invented  as  applicable  thereto :  /to.  1  representa  a  watch  with  a  goine' 
barrel,  to  which  my  invention  is  applied ;  in  which  figure  a  part  of  the  dial' 
plate  i*  represented  as  broken  away,  for  showing  the  novekparti,  the  operation 


6,  7,  8,  all  the  same  letters  ol 

is  tlie  barrel  ratchet  with  its  click  and  springi  which  keeps  the  maintaiiuog 
power  up ;  this  ratchet  is  put  on  the  barrel  arbor,  which  is  squared,  and  the 
plate  is  sunk  in  which  it  lays — it  is  ou  tlie  side  of  that  part  of  the  plate  under 
the  dial ;  this  I>arrel  ratchet  is  sunk  or  turned  out  a*  far  as  the  teeth  to  receive 
another  ratchet  with  its  click  and  spring,  shown  at  a.  Fig.  3,  which  I  call  the 
recinling  ratcheL  This  recoiling  ratchet  is  fastened  on  to  the  barrel  pulley  6 ; 
the  upper  side  of  this  barrel  pulley  is  sunk  to  receive  a  spring,  shown  in  Figi.  I 
and  5,  which  is  the,recoiling  spring;  on  the  edge  of  the  barrel  pulley  there  is 
a  groove  to  receive  a  chain  d,  shown  at  Figi.  f  and  8,  which  is  hooked  on  a 
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pin  in  the  Mid  groote.  Fig,  7  gives  a  pertneotiTe  vfeir  of  the  ttod  wUch 
Keeps  the  barrel  pulley  steady  and  close  to  the  oarrd  ratchet  ,*  the  eentre  of  diis 
stud  is  round,  and  the  centre  of  the  recoiling  spring  is  hooked  on  to  it ;  th« 
other  end  of  the  recoiling  spring  is  hooked  on  the  barrel  pulley.  jK^«.  1  and  8 
show  the  impendent,  made  of  the  same  metal  as  the  case ;  it  tnma  freely 
on  a  piece  oi  steel  g^  Fig,  8 ;  this  steel  arbor  has  a  small  knob  on  one  side,  A, 
shown  at  Fim.  1  and  8,  to  prevent  the  impendent  from  slipping  off;  on  the 
other  end  it  is  split  to  receive  the  end  of  the  chain  which  is  pinned  on ;  tbe 
pendent  of  the  case  is  perforated,  through  which  the  chain  passes.  I  shsQ 
next  describe  the  manner  it  is  to  operate,  and  how  it  is  to  be  put  on  the  wind* 
ing  up  aibor.  When  the  barrel  ratchet  before  mentioned  is  put  on  the  squtre 
arbor,  the  recoiling  spring  is  put  on  the  barrel  pulley,  and  placed  over  Uie 
barrel  ratchet,  so  as  to  act  on  its  click ;  the  chain,  which  is  no  longer  than  to 
produce  one  revolution  of  the  pulley,  is  put  through  the  pendent,  and  hooked 
cm  to  the  pulley :  the  stud  is  tnen  hooked  on  to  Sie  recoiling  spring  ,*  by  this 
stud  the  recoilmff  spring  is  set  up  one  turn,  more  or  less,  and  rae  stud  is  screwed 
on  the  plate.  To  wind  up  the  watch,  the  impendent  is  drawn  from  the  pendent 
as  far  as  the  chain  will  permit  it ;  the  recoiling  spring  will  brine  the  impendent 
back  again  to  the  pendent ;  and  this  operation  is  repeated  tiU  the  impendent 
remains  on  the  pendent,  and  cannot  be  more  drawn  from  it,  which  indicatea 
that  the  main  spring  is  wound  up.  When  the  works  are  to  be  wound  up  by  a 
fiisee  arbor,  the  ratchet,  which  keeps  the  maintaining  power,  is  on  the  fusee 
itself;  the  fiisee  arbor,  squared,  is  on  the  same  side  of  the  plate  as  the  going- 
barrel  under  the  diaL  Tne  recoiling  ratchet.  Fig,  4,  is  put  on  the  ftisee  arbor; 
its  click  and  spring  are  on  the  barrefpulley,  JPii^.  6.  Here  it  is  to  be  observed, 
that  when  any  works  are  to  be  wound  up  by  a  fusee,  the  fusee  with  the  first 
wheel  and  its  arbor  returns  back  again,  which  is  not  the  case  with  a  going- 
barreL  h  is  the  relieving  click,  whicti  has  a  double  action ;  first,  it  acts  as  tbe 
recoiling  click,  by  its  action  in  the  ratchet ;  secondly,  it  acts  as  a  reliever  of  the 
said  click ;  it  is  planted  on  the  under  side  of  the  barrel  pulley,  Fig,  6,  with  its 
spring,  and  must  be  made  in  the  form  shown  in  the  drawing.  That  part  which 
is  near  the  ec^  of  the  barrel  pulley  has  a  small  pin,  which  pin  goes  through 
an  aperture  of  the  barrel  pulley  into  the  groove  where  the  chain  lies.  When 
the  works  are  wound  up,  tne  impendent  rests  npon  the  pendent,  and  the  chain 
lays  round  the  pulley,  which  is  the  same  as  with  tne  going-barrel.  The  pin  of  the 
relieving  dick,  which  ^oes  into  the  groove  of  the  barrel  pullev,  receives  a  pres- 
sure from  the  chain ;  it  brings  the  click  part  out  of  the  ratchet,  and  gives  free 
actien  to  the  ratchet  on  the  lusee  arbor  to  return  back  a^ain  without  any  dnu; 
or  incumbrance  of  the  click.  /,  Fig,  1,  is  the  finger  touch :  it  is  made  of  gold, 
or  some  metal  which  will  not  rust.  By  referring  to  the  drawing,  it  will  be  seen 
that  it  is  a  kind  of  cup  with  a  milled  ed^,  and  the  minute-hand  is  fastened  to 
it :  when  the  hands  are  to  be  set,  a  sli^t  pressure  with  the  end  of  the  fore- 
finger is  required  to  turn  the  hands.  In  case  it  is  desired  to  have  a  watch  or 
clock  wound  up  in  one  pull,  the  multiplying  of  the  turns  of  tbe  chain  round 
the  barrel  pulley  wUl  have  that  effect 

The  engraving  on  the  next  p«^  exhibits  a  simple  but  very  ingenious  contri- 
vance, termed  by  the  inventor,  (Mr.  Knight,  of  Birmingham^)  the  "  Patent  Duty 
Register,**  whicn  is  designed  to  operate  as  a  check  upon  public  watchmen,  and 
to  ensure  vigilance  upon  their  part,  by  causing  them  to  register  the  time  at 
which  they  go  their  rounds,  in  a  manner  that  wiH  admit  of  no  deception. 
Its  uses,  however,  are  not  limited  to  this  purpose,  as  it  is  equally  serviceaole  as 
a  check  upon  servants  in  general,  and  as  a  conviction  of  tne  correct  informa- 
tion which  it  will  infallibly  afibrd  to  employers,  it  has  a  tenden^to  ensure 
punctuality  on  the  part  of  those  from  whom  it  may  be  requn-ed.  The  train  of 
wheel-work  in  Mr.  Tonight's  machine  bein^  similar  to  those  in  ordinary  clocks, 
the  invention  must  be  regarded  as  an  addition  or  appendage,  which  is  capable 
of  beinff  applied  to  cloclu  already  made,  as  well  as  to  those  which  are  manu- 
factured purposely  to  receive  the  new  combination.  The  only  essential  variation 
consists  in  causing  the  circular  dial-plate,  which  is  usually  fixed,  to  revolve,  and 
the  hand  or  index,  which  usually  revolves,  to  be  fixed.    This  stationary  index 
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i«  plaead  at  the  top  of  the  circle,  and  the  hourij.  u  they  luccMiifely  coma 
unoer  it,  danotc  preMot  time.  Thii  index  foriiiB  part  of  a  bended  lever,  the 
falcrum  of  vhich  it  in  the  interior  or  hack  of  the  clock,  and  the  other  eztreinitj 
of  it  ii  attached  to  a  heU  wire,  with  luitahla  eranki  to  can;  the  line  of  com- 
mnnicalion  to  the  required  place,  where  a  handle  ii  connected  to  it,  for  the 
individual  who  ii  upon  duty  or  guard,  to  pull  at  Mated  timei ;  thii  operation 


raiiei  the  power  end  of  the  lever,  and  depreuet  the  index,  which  makea  ■ 
mark  upon  a  temporary  icale  of  houn  fixed  to  the  dial-plate,  and  indicatea  the 
preciae  time  at  which  each  mark  wae  made.  Ai  the  lever  hai  only  one  centre 
of  motion,  it  feUowi  that  the  indei,  which  brnia  a  part  of  it,  uoret  in  the 
arc  of  a  circle,  and  conaMjuentlj  would  only  atrike  ilwm  a  point;  but  to 
enable  it  to  make  a  line,  there  if  a  tprtng  joint  where  Uie  lever  ii  bent  to  a 
right  angle,  which  allowi  the  extremity  <rf  the  index  to  move  in  a  light  liuc 
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over  the  plate.    The  clock  face  has  two  concentric  circles  of  hours,  tlie  outer 
permament  and  of  a  full  size,  the  inner  temporary,  and  of  small  dimensions, 
llhe  latter  is  an  engraved  print,  the  divisions  upon  which  correspond  radially 
with  those  on  the  outer  circle,  and  it  is  intended  that  a  fresh  card  should  be  pot 
on  the  dial-plate  every  day ;  it  is  contrived  so  as  to  enable  them  to  be  put  on 
with  accuracy  and  expedition ;  the  card  taken  off  forming  a  register  of  the 
duty  performed,    a  is  the  revolving  metal  dial-plate ;  6  the  revolving  card ;  e 
an  ornamental  metal  shield,  to  confine  the  card  down  to  the  plate,  which  is 
fixed  to  it  by  means  of  a  thumb  Bctewd;  I  is  the  marker,  formed  of  a  little 
sharp-edged  wheel,  revolving  in  a  cleft  at  the  extremity  of  the  index,  like  a  spur 
rowd,  only  without  teeth ;  at/  is  the  spring  joint  of  the  lever,  before  mentioned, 
forming  the  upper  extremitv  of  the  lever.    On  depressing  the  lever,  the  end/ 
ti^es  tne  position  of  e,  while  e  descends  on  the  card  dial  and  makes  the  mark. 
In  our  dravring,  the  time  expressed  is  two  o'clock ;  and  if  the  handle  be  pulled, 
the  index  wfll  descend  firom  the  position  represented,  and  make  the  line  drawn 
between  the  II,  marked  t ;  there  are  two  other  lines  made  upon  the  drawing,  also 
marked  s,  which  are  ii^ended  merely  as  examples  to  show  tiiat  such  marks  were 
made  at  the  time  exprened  by  the  person  on  dut^.    The  projection  of  the 
index  in  front  of  the  aial  is  exhibited  by  the  projection  of  its  shadow  thereon. 
HORSE  POWER.    The  force  with  which  a  horse  acts  is  compounded  of 
his  weight  and  muscular  strength.     If, 'then,  the  weight  of  one  horse  exceed 
that  of  another  to  which  it  is  inferior  in  muscular  strength,  the  weaker  and 
heavier  horse  will  overcome  a  resistance  which  the  stronger  and  lighter  horse 
cannot,  provided  the  excess  of  his  weight  in  the  smallest  degree  exceeds  his 
deficiency  in  strength.     When  a  horse  draws  in  a  mill  or  machine  of  any  kind, 
care  should  be  taken  that  the  horse-walk,  or  circle  in  which  he  moves,  l>e  lai^ 
enough  in  diameter,  otherwise  he  can  only  exert  a  part  of  his  strength ;  for,  in 
a  small  circle,  the  tangent  in  which  he  draws  deviates  more  from  tne  circle  in 
which  he  is  obliged  to  go  than  in  a  larger  circle.  The  diameter  of  the  walk  for 
fiill-sized  horses  ou&;ht  not  to  be  less  than  forty  feet ;  but  if  such  a  space  cannot 
be  obtained,  and  the  circle  be  reduced,  it  is  advisable  to  procure  horses  of 
similarly  reduced  proportions ;  for  it  has  been  found  that  the  same  horse  loses 
two-thirds  of  his  eroctive  strength  in  being  removed  from  a  walk  of  40  feet  in 
diameter  to  one  of  only  19  feet.     In  drawing  a  carriage,  a  horse  works  to  the 
best  advantage  when  the  line  of  draught  inchnes  a  litue  upwards  to  his  breast, 
making  a  small  angle  with  the  horizontal  plane.    With  respect  to  the  quantity 
of  power  a  horse  of  average  strength  can  thus  exert,  experimentalists  have 
materially  differed,  owing  probably  to  the  limited  extent  of  tlieir  trials,  with 
horses  of  different  degrees  of  strength,  and  under  different  circumstances;  for 
much  will  depend  upon  the  nature  of  the  ground,  the  proper  shoeing,  the  angle 
of  draught,  the  fittmg  of  the  collar,  frc.     As  a  variation  in  these  points  will 
fatigue  or  cramp  the  niU  exertion  of  a  horse,  a  great  difference  in  tne  amount 
of  a  whole  day's  work  must  result ;  but  if  we  take  the  average  of  the  data  thus 
furnished  to  us  by  the  different  authors  and  experimentalists  on  the  subject,  we 
shall  find  it  to  amount  to  160  pounds'  weight,  raised  at  the  velocity  of  2|  miles 
per  hour,  the  correctness  of  which  has  been  most  satisfactorily  shown  by  some 
experiments  on  a  very  extensive  scale  by  Mr.  Bevan,  that  were  recently  commu- 
nicated to  the  editors  of  the  PhUosopIacal  Magazine.    Mr.  Bevan  states,  '*  In 
the  period  from  1803  to  1809  I  had  the  opportunity  of  ascertaining  correctly 
the  mean  force  exerted  by  good  horses  in  drawing  a  plough,  having  had  the 
superintendance  of  the  experiments  on  that  head  at  the  various  ploughing 
matches,  both  at  Wobum  and  Ashridge,  under  the  patronage  of  the  Diuce  of 
Bedford  and  the  Earl  of  Bridgewater.  I  find  amone  my  memoranda  the  result 
of  eight  ploughing  matches,  at  which  there  were  8el<v)m  fewer  than  seven  teams 
as  competitors  for  the  various  prizes. 

Ite. 
The  first  result  is  from  the  mean  force  of  each  horse  in  six 

teams  of  two  horses  each  team,  upon  light  sandy  soil  .    .     *     156 

The  second  result  is  firom  seven  teams  of  two  horses  each  team, 

upon  loamy  ground,  near  Berkhempstead  ......         154 
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lbs. 
The  third  result  is  from  six  teams^  of  four  horses  each  team, 

with  old  Hertfordshire  ploughs   .     ' 127 

The  fourth  result  is  from  seven  teams,  of  four  horses  each  team, 

upon  strong  stony  land  (improved  ploughs) 167 

The  fifth  result  is  from  seven  teams,  of  four  horses  each  team, 

upon  strong  stony  land  (old  Hertfordshire  ploughs)     .    .     .     193 
The  sixth  result  is  from  seven  teams,  of  two  horses  each  team, 

upon  light  loam 1 77 

The  seventh  result  is  from  five  teams,  of  two  horses  each  team, 

upon  light  sand  land 170 

The  eighth  residt  is  from  seven  teams,  of  two  horses  each  team, 

upon  sandy  land 160 

The  mean  force  exerted  by  each  horse,  firom  52  teams  or  144  horses,  is  equal  to 
163  lbs.  each  horse ;  and  although  the  speed  was  not  particularly  entered,  it 
could  not  be  less  than  at  a  rate  of  2^  miles  per  hour.  As  these  experiments 
were  fairly  made,  and  by  horses  of  the  common  breed  used  by  farmers,  and 
upon  ploughs  from  various  counties,  the  numbers  may  be  considered  as  a 
pretty  accurate  measure  of  the  force  actually  exerted  by  horses  at  the  plough, 
and  which  they  are  enabled  to  do  without  injury  for  many  weeks ;  but  it 
should  be  remembered,  that  if  these  horses  had  been  put  out  of  their  usual 

Sace,  the  result  would  have  been  very  different.  The  mean  power  of  the 
raught  horse,  deduced  from  the  above-mentioned  formula,  exceeds  the  calcu- 
lated power  from  the  highest  formula  of  Mr.  Lesslie,  and,  we  may  add,  that  of 
Mr.  Ijredgold.  The  latter  gentleman  has,  however,  furnished  us  with  a  most 
valuable  table,  showing  the  maximum  quantity  of  labour  that  a  horse  of  average 
strength  is  capable  of  performing,  at  d^eretU  velaeiUes,  in  drawing  boats  on 
canals,  and  carriages  on  railwayt  and  turnpike  roads* 
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Uscrui  effect  of  one  horse  working  one  day, 
in  tons,  drawn  one  mile. 


On  a  canal. 


Tons. 

520 
243 
153 
102 

52 

30 

19 

12.8 
9.0 
6.6 


On  a  leveli 
railway. 


On  a  good  level 
turnpike  road. 


Tons. 

115 
92 
82 

72 
57 
48 
41 
36 
32 
28  8 


Tons. 

14 

12 

10 
9 

7.2 
6.0 
5.1 
4.5 
4.0 
3.6 


It  will  be  seen  by  the  foregoine,  that  the  loss  of  effect  is  very  considerable 
upon  increasing  the  velocity  of  a  horse  beyond  that  of  2|  miles  per  hour;  this 
speed  has,  indeed,  been  considered  bv  all  writers  on  the  subject,  as  the  fittest 
for  obtaining  the  greatest  quantity  of  power  from  horses,  as  they  can  exert  it 
without  being  overstrained,  throughout  a  whole  day's  work.  At  the  highest 
speed  of  10  miles  per  hour,  which  is  that  of  many  of  our  stage-coach  horses, 
it  will  be  observed  that  they  cannot  keep  up  this  pace  for  more  than  three 
quarters  of  an  hour ;  that  is,  7i  miles  per  day  is  as  much  as  they  can  perform 
without  being  soon  exhausted.  The  amoimt  of  useful  efiect  assigned  by  Mr. 
Tredgold  for  this  day's  work  of  only  three  quarters  of  an  hour,  is  3.6  tons 
drawn  one  mile,  which  is  equivalent  to  nearly  half  a  ton  drawn  7^  miles.  Now 
the  weight  of  an  ordinary  stage-coach  and  its  load  is  about  four  times  the  last 
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mentioned  quantity,  or  two  tons ;  consequently  we  perceive  the  neceerity  of 
four  horses  being  employed,  as  ia  customary,  to  do  the  work  at  that  high 
velocity  which  one  horse  would  easily  perform  at  the  velocity  of  2^  miles  per 
hour.  In  stating  the  power  of  steam  engines,  it  is  usual  to  say  the  number  of 
horses'  power  it  exerts,  each  horse  power  being  estimated  as  equivalent  to 
raising  33,000  lbs.  one  foot  high  per  minute.    See  the  article  Stbam. 

HORSE-SHOES.  Curved  pieces  of  iron,  made  to  fit  accurately  the  homy 
hoofs  of  horses,  to  which  they  are  nailed  in  a  peculiar  manner ;  the  use  of  the 
shoes  being  to  preserve  the  hoo&  from  the  destructive  efiect  that  would  take 
place  by  their  collision  and  friction  against  the  hard  subatances  of  which  our 
common  roads  are  formed.  It  is  a  common  rule  to  make  the  shoes  three  times 
as  thick  at  the  toes  as  at  the  heels,  so  that  by  this  means  the  frc^  (which  is  a 
central  projection  in  the  foot)  may  come  down  to  the  ground.  The  nails  are 
all  placed  forward,  four  on  each  side,  but  not  approachmg  too  near  the  heels, 
and  are  countersunk  in  conical  or  wedge-shaped  holes.  For  horses  which  go 
in  shafts,  or  are  used  in  hunting,  it  is  usual  to  make  shoes  with  only  one  heel, 
which  should  be  outward.  The  horse's  heel  is  rather  lowered  mi  that  side,  and 
the  inner  heel  of  the  shoe  somewhat  thickened,  so  as  to  balance  and  bear 
equally.  The  best  breadth  for  the  shoe  of  a  medium- siied  horse  is  said  to  be 
one  inch  at  the  toe,  and  three  quarters  at  the  heel ;  the  weight,  about  eighteen  or 
twenty  ounces.  In  order  to  nt  the  shoe  without  cansing  the  horse  to  stand  too 
much  on  his  heels,  the  under  part  of  the  crust,  or  wall  of  the  hoof,  is  pared 
away  to  receive  the  excess  of  thickness  in  front;  for  the  bottom  of  the  shoe,  it  is 
generallv  conceived,  ought  to  be  perfectly  flat,  without  any  stubbings  or  calk- 
mga  in  front.  Paring  away  the  heels  is  a  most  destructive  practice,  except  in 
case  of  absolute  excrescence  in  those  parts ;  nor  should  the  bars  (or  diagonal 
ridges)  that  extend  from  the  heels  to  Uie  frog,  or  central  projection,  ever  be  cut 
more  than  is  absolutely  necessary  for  the  purpose  t»f  keepmg  them  in  a  clean 
and  healthy  state.  A  good  open  heel  is  the  indication  of  a  powerful  foot; 
hence  the  sides  of  shoes  ought  not  to  be  much  contracted ;  when  the  heels  are 
tender,  what  is  called  a  bar-shoe  ought  to  be  applied.  On  the  frog  the  horse 
chiefly  depends  for  a  sprine  or  resistance  at  the  bottom  of  the  foot :  if  this  part 
does  not  touch  the  ground,  the  whole  motion  will  be  derived  from  the  upper 
parts  of  the  limb,  and  a  very  uneasy  gait  will  inevitably  follow :  this  points 
out  the  propriety  of  leaving  it  fully  at  liberty  to  come  in  contact  with  the 
ground.  Mr.  Colman,  the  distinguished  professor  of  the  Veterinaiy  College, 
says,  that  "  no  animal,  nor  any  part  of  the  animal,  can  be  preserved  in  health, 
where  the  natural  functions  are  perverted ;  and  he  strongly  urges  the  necessity 
of  some  mat  alterations  being  made  in  the  practice  of  shoeing  horses,  so  that  a 
portion  m  the  weight  of  the  animal  may  be  sustained  by  the  frog,  which,  from 
Its  central  projection  in  the  foot,  and  the  tough  elastic  nature  of  its  substance, 
was  evidently  designed  for  that  purpose.  In  a  recent  paper  on  the  same  subject, 
from  the  pen  of  Mr.  Cherry,*  that  gentleman  entirely  coincides  with  the  author 
just  quoted,  and  considers  that  not  onlif  the  Jrog^  hut  the  sole  aUos  (which  is  that 
homy  portion  of  the  foot  between  the  frog  and  the  exterior  wall  or  crust  of  the 
hoof,)  should  be  made  to  sustain  its  proportion  of  the  superincumbent  weight; 
and,  he  adds,  that  any  treatment  which  deprives  these  parts  of  pressure,  must, 
according  to  true  physiological  principles,  induce  disease.  It  is  evident  that  a 
horse  in  a  state  of  nature  presses  with  the  whole  surface  of  his  foot  upon  tlie 

Sound,  the  rim  of  the  hoof,  by  its  angular  projection,  preventing  slipping,  and 
e  frog  serving  as  a  cushion  to  prevent  any  ill  effects  from  violent  concussion. 
By  4he  ordinary  mode  of  shoeing,  however,  the  whole  weight  of  the  horse  ia 
tiffown  upon  this  angular  rim,  or  wall  of  the  hoof,  contrary  to  tiie  designs  of 
Providence,  and  die  plainest  dictates  of  common  sense ;  for,  being  shod  with  a 
thick  bar  of  iron  on  this  part,  the  foot  is  thereby  lifted  up,  forming  a  hollow 
cavity  within  the  shoe,  which,  as  Mr.  Cheny  savs,  **  deprives  the  foot  of  that 
support  which  it  would  otherwise  receive  from  the  earth,  and  greatly  deranc^es 
the  mechanism  of  the  whole  foot."  The  same  author  proceeds  to  observe,  mat 
the  feet  of  farm  horses,  though  usually  in  that  condition  termed  a  state  of 
neglect,  will,  upon  examination,  be  found  generally  "  moist,  cool,  and  healthy ; 
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while  a  foot  kept  clean,  i*  drj,  brittle,  and  full  of  cracki ;"  nhich  is  cvidenlly 
owing  to  the  ahoei  of  the  former  being  iuubUj  closed  wilh  etath,  by  which  the 
whole  iurface  of  the  foot  is  made  to  sustain  the  pressure,  instead  of  the  mere 
rim;  the  earth  likewise  contributes  to  the  healthful  condition  of  the  feet  by  n 
Bupply  of  moisture  for  abeorption.  "  Perhaps,"  Mr.  Cherry  continues,  "  it  may 
be  posaible  to  prepare  some  compressible  and  adherive  iubstance  to  Gil  up  the 
cavity  after  the  shoe  is  on,  which  shall  give  support  to  the  whole  loot,  yet 
without  impeding  the  full  action  of  its  elastic  properties." 

The  late  Mr.  nohert  Dickenson  entertaining  the  same  view*  of  the  sulnect 
aa  the  above-mentioned  eminent  authoritdee,  took  out  a  patent  for  eoma 
improvemenls  in  horse-shoes,  of  which  the  following  is  a  doscription.  In  the 
annexed  engraving,  Fy.  1  exhibit*  a  plan,  and  fig.  2  a  aide  view  of  the  im- 
proved shoe  as  iiued  on  to  the  foot  fSjj.  3  represents  die  ordinary  Englidi 
Fig.  1.  Fig.2.  Fig.  3. 


mode  of  shoeing,  which  hu  been  ben 

By  Mr.  Dickenson's  plan,  a  piece  of  sunn  leauier  is  cui  lo  cover 
under  surface  of  the  hoof;  and  oti  this  is  rivetted  a  plate  of  iron  of  a  shape 
and  masnitude  to  cover  the  frog,  which  it  is  designed  to  protect  against  injury 
in  travelling  upon  hard  stony  roads  ;  under  the  leather  covering  h  stuffed  into 
the  hollow  of  the  hoof  a  quantity  of  sponge,  and  the  shoe  being  nailed  on 
throueh  the  leather,  the  whole  is  thus  simply  and  penuaneotly  secured  until  the 
iron  shoe  is  worn  out,  the  leather  lasting  out  several  iron  shoes,  owing  to  its 
compretuble  elastic  nature.  The  absorbent  nature  of  the  sponge  keeps  the  foot 
always  moist,  and  th^  whole  surface  of  it  is  brought  to  sustain  the  pressure.  It 
will  be  observed  that  the  iron  rim  of  Mr.  Dickenson'*  shoe  is  curved  after  the 
French  manner,  as  shown  in  Fig.  2.  Froni  the  rapid  action  of  a  horse's  foot 
it  is  not  easy  to  discover  the  precise  kind  of  motion  which  he  makes  in 
stepping  out  and  relieving  his  foot  for  the  next  step ;  but  it  is  ascertained  to  be 
a  rolling  from  heel  to  toe.  Now  the  fl<it  shoe  represented  in  F^.  3,  which  is 
the  coalman  English  form,  evidently  presents  an  obstruction  to  this  particular 
action  ;  Irequent  stumbling  from  an  unnatural  effort  to  overcome  the  difficulty, 
and  a  straining  of  the  muscles  and  tendons,  to  which  nature  has  assigned  due 
limits,  seem  to  be  the  unavoidable  consequences.  On  the  contrary,  the  French 
shoe  is  so  curved  as  to  conform  to  the  natural  ligiu'e  of  the  hoof,  and  consequently 
presents  no  impediment  to  the  natural  action  of  the  foot;  to  this  circum- 
■tancB  may  therefore  probably  bo  attributed  the  well-known  superior  sure- 
footedness  of  French  norses.  The  impropriety  of  a  perfectly  flat  shoe  is 
manifested  by  the  toe  part  being  generally  worn  down  as  thin  as  a  sixpence, 
while  the  sides  are  frequently  half  an  inch  thick. 

With  the  view  of  obviating  the  presumed  necessity  of  fastening  the  iron 
shoes  to  horses  by  nailing  them  to  the  hoofs,  Hr.  William  Fercival,  of 
Knighlsbridge,  took  out  a  patent  in  1828  for  ■  mode  of  eecuring  them  to 
horses'  feet  by  means  of  straps  or  sandals.  In  the  engraving  on  the  following 
pege.  Fig.  1  represents  a  plan  of  the  shoe,  which  is  of  the  kind  called  the  fl'og- 
bar  shoe ;  in  the  front  is  a  tongue  a,  turning  upon  a  hinge,  and  having  two  slits 
in  it  to  receive  the  band  or  strap,  and  keep  it  in  its  place ;  at  the  extremities  of 
the  frog-bar  are  two  d'Hible  loops  or  rings,  b  h,  turning  upon  hinge*  or  holes  in 
the  ends  of  the  bar.  Fig.  2  shows  the  shoe  attached  to  the  foot  of  a  horse, 
the  strap  c,  of  elutic  web,  is  passed  through  the  lowermost  of  the  two  rings ; 
through  the  lowermost  slit  in  the  tongue  ;  through  the  lowermost  ring  on  the 
<^ponta  side ;  then  through  the  uppermost  slit  in  the  tongue ;  and  aitcrwardi 


HORSE-SUOEINO. 


through  the  bncUe  on  the  other  end  of  the  itrmp.  Mid  drawn  tight.  The  stnu  d 

u  paned  through  the  upperaMM  of  the  two  xiag*  on  mie  nde,  and  orer  ■  p^e. 

Fig.  I.  Fig.  i. 


,  placed  under  the  heel  of  the  animal,  then  through  the  uppennoit  rinn  on  the 
opposite  lide,  over  a  pad/,  and  leeured  by  a  buckle  on  the  other  end  of  the  itrsp. 
Mr.  Benjamin  Rotch,  the  faarrialer,  hai  diitinguiihed  himself  by  his  atten- 
tion to  thii  subject,  which  so  intimately  eoncertii  not  only  the  welfare,  but  the 
utility  of  the  most  inletesting  and  valuable  animal  in  the  creation.  In  1610  he 
had  a  patent  for  a  flexible  elastic  horse-shoe;  and  in  1830  aaecond  patent, 
entitled  "  improved  guards  or  protectors  for  horse*'  legs  and  feet  under  certain 
circumstance!  ;*'  and  as  this  patent  may  be  regarded  as  an  improTcment  npon 
the  former,  we  ahall  notice  the  latest  only.  These  "  improvea  gutrdi"  are  to 
be  made  of  caoutchouc,  or  Indian  rubber;  when  one  is  lobe  applied  to  a  horse's 
foot,  the  neck  is  to  be  cut  from  a  caoutchouc  botde,  which  is  then  tobewfteDed 


thotw 


r,  and  drawn  over  a  block  made  of  the  shape  and  *i 


_.. . hapeai     

the  fool  for  which  it  is  intended.  On  this  block  itiipermiltedto  coot,  when  it  will 
retain  its  shape;  and  byitselaa^city  it  will  adhere  to  thehorse's  foot  when  drawn 
on  to  it  On  the  exterior  of  this  shoe  is  to  be  applied  a  sole  of  sheet-iron,  made 
of  sufficient  size  to  allow  of  its  edKC'  being  cut  and  turned  up  round  the  hoof;  to 
keep  it  on  the  foot,-  but  it  is  alsoustcned  to  the  Indian  ruhber  by  means  of  rivets 
with  VBTy  broad  and  thin  heads;  and  to  the  sheet-iron  sole  is  to  be  faateued,  if  re- 
quired, horse-shoes  of  the  usual  forms.  In  the  preparation  of  the  guards  for  the 
legs  of  horses,  both  the  top  and  the  bottom  of  an  Indian  rubber  bottle  ate  to  be 
cut  oS,  and  after  being  soaked, 
softened,  stretched  on  a  block, 
formed,  and  cooled,  is  to  be  ap- 
plied to  luch  of  the  legs  oi  knees 
of  the  animal  as  requ  ire  protection. 
For  the  purpose  of  ensuring  a 
peifeat  fit  to  a  horse's  foot  at  a 
small  expense,  Mr.  Dudley,  of 
King-street,  Soho,  took  out  a  ,' 
patent  in  1823  for  a  horse-shoe  J 
of  rotf-iron,  an  under  side, 
ground  view  of  which  is  repre-  I| 
sented  in  the  annexed  cut.  After  | 
being  cast  to  the  precise  model  \ 
of  the  foot  taken  from  a  plaster  ' 
east,  it  undergoes  that  process  o' 
annealing  (now  so  well  undrr 
stood  and  practised)  by  which  ii 
is  rendered  so  soft  and  malleable 
as  not  to  be  liable  to  break  by 
concusuon  b  travelling  over  the 
roughest  pavement    At  A  A  is 
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border,  or  cordi  the  use  of  which  is  to  strengthen  the  inner  vein  or 
web,  also  to  prevent  pieces  of  flint  or  gravel,  &c.  from  being  forced  on  the  sole 
of  the  foot,  which  frecjuently  happens  with  the  common  shoe,  as  that  affords  no 
such  protection.  This  form  is  also  considered  by  the  patentee  to  sive  great 
security  to  the  tread  of  the  horse,  either  over  pavement,  road,  or  field.  At  the 
ends  B  of  the  shoe,  concavities  are  formed,  which  become  stops,  equal  in  effect 
to  the  rough  shoeing,  or  turning  up  at  the  heel,  without  altering  the  even 
bearing  of  the  horse  s  feet  upon  the  ground,  so  essential  to  his  true  motions, 
and  the  secnri^  of  both  horse  and  rider.  If  proper  attention  be  paid  to  the 
manufacture  of  these  shoes,  especially  the  annealing  process,  they  would  prove 
of  great  utility,  as  they  can  be  quickly  made  of  any  sice,  figure,  or  pattern, 
exactly  suited  to  the  feet  of  any  particular  horse,  and  supj^ied  in  any  quantity, 
all  precisely  alike. 

HOSE.  A  term  given  to  a  flexible  tube  attached  to  hydraulic  endues,  for 
conveying  water  or  other  fluid  to  any  required  point  Fire-engine  nose  was 
originally  made  of  leather  sewed  up,  which  being  very  liable  to  get  out  of 
order,  many  attempts  have  been  made  to  discover  some  cheaper  and  more 
durable  material.  Flax,  or  hempen  hose,  woven  without  a  seam,  have  long 
been  employed  on  the  continent ;  and  the  Society  of  Arts,  in  London,  have  for 
years  past  been  in  the  habit  of  offering  a  reward  for  its  production  in  this 
countiy.  According  to  Beckmann,  however,  a  manufactory  for  this  article 
existed  in  the  neighoourhood  of  Betbnal-green,  towards  the  end  of  the  eigh- 
teenth century,  but  the  speculation  did  not  succeed.  One  of  the  London 
Insurance  Offices  a  few  years  since  imported  a  length  of  the  best  hempen  hose 
from  the  continent,  but  it  did  not  answer,  being  found  not  near  so  convenient 
in  use,  nor  so  durable  as  leather.  Mr.  Hancock  has  manufactured  some  hose 
of  canvas,  with  layers  of  caoutchouc  between  them,  which  has  been  found 
useful  in  many  cases  where  leather  would  have  been  ineligible.  Leather  hose 
was  formerly  made  by  sewing  with  strong  twine,  and  subsequently  with  copper 
wire ;  neither  of  these  methods,  however,  was  found  sufficient  to  Keep  the  nose 
constantly  water-tight,  and  all  the  best  hose  now  made  is  not  sewn  at  all,  but 
rivetted.  The  fire-engine  establishments  of  London  and  Edinburgh  make  their 
own  hose ;  the  methc^  adopted  by  them  is  as  follows:  the  leather,  levelled  to  a 
proper  thickness,  and  in  lengths  of  about  four  feet,  is  gauged  to  the  breadth 
required ;  holes  are  punched,  four  at  a  time,  all  down  the  sides,  by  means  of  a 
small  press.  The  ends  of  each  piece  of  leather  are  cut  crosswise,  at.an  angle  of 
about  37^ ;  the  different  pieces  of  leather  necessary  to  form  a  lerwth  of  hose 
(forty  feet)  are  then  rivetted  together  at  the  ends.  The  length  of  leather  thus 
formed  is  then  placed  on  a  bench,  and  a  long  flat  iron  bar  laid  upon  it ;  tlie 
rivets  are  next  put  into  the  holes  on  one  side  of  the  leather,  and  the  holes  on 
the  other  side  brought  over  them;  washers  are  then  placed  on  the  rivets,  and 
struck  down  with  a  hollow  punch.  The  points  of  the  rivets  are  then'  hammered 
down  over  the  washers ;  this  done,  the  bar  of  iron  is  shifted  along,  and  the 
operation  continued  until  the  whole  length  is  completed.  A  piece  of  rivetted 
hose  made  in  this  manner  has  been  found  capable  of  resisting  a  column  of 
water  nearly  500  feet  high.  The  following  composition  has  been  foimd  most 
efficacious  for  the  preservation  of  leather  hose,  viz.  one  gallon  of  neat's-foot  oil, 
two  pounds  of  taUow,  and  a  quarter  of  a  pound  of  bees  -wax,  melted  together, 
and  applied  warm,  the  hose  being  in  a  moist  state. 

HOT-BEDS,  in  Gardening,  are  beds  made  with  fresh  horse  dung,  or  tanner's 
bark,  and  covered  with  glasses  to  defend  them  from  inclement  weather. 

HOT-HOUSE.  A  emeu  erection,  similar  to  a  green-house,  employed  either 
fur  forcing  plants,  or  tor  the  training  of  exotics,  provided  with  a  stove  or  flue 
for  the  dinusion  of  artificial  heat,  and  the  means  of  didy  regulating  it. 

HOT-PRESSING  is,  strictly  speaking,  the  art  of  applying  heat  in  conjunction 
with  mechanical  pressure ;  but  it  is  generally  understood  to  mean  the  employ- 
ment of  that  process  to  paper,  linen,  and  similar  febrics,  by  which  thev  acquire 
a  smooth  and  glossy  sunace;  and  the  mode  of  operating  ig  as  follows.  A  number 
of  stout  cast-iron  plates  are  heated  in  an  oven  constructed  for  the  purpose ; 
when  they  have  acquired  the  proper  temperature,  they  are  taken  out  and  put 
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into  k  icrew-pren,  in  alternate  layen,  with  the  goodi  to  be  prened,  id  tbe 
manner  •hovn  in  the  gubjoined  engravin)^;  and  when  paper  ii  the  material  to 
be  liot-preised,  in  addition  to  the  heated  iron  plalei,  a  higbly-glazed  jlMteboard 
u  put  atteniHtcty  between  every  aheet  of  paper ;  Che  hard  pouihed  lurface*  at 
the  paiteboardi,  in  cmisequence,  produce  upon  the  loft  and  ipongy  riiecti  of 
paper  that  smooth  and  elegant  appearance  by  which  hot-pteued  pwer  b 
dislinguilhed.  The  great  bconrenience  and  labour  attending  the  drawing  of 
the  heavy  hot  iron  plstei  from  the  oven,  then  carrying  them  to,  and  lifting 
them  into  the  proper  ntustion*  in  the  preM,  ilruck  the  editor  of  this  work  at 
■ueceptible  of  amendment.  With  thii  view  of  the  lubject  he  deviled  a  prev 
from  which  the  platei  never  required  removal,  and  wherein  they  are  conitantly 
kept  at  the  required  temperature  by  hot  air  from  a  imall  futnace  beneath.  By 
ihia  airangemeiit,  fuel,  time,  labour,  and  ipoce,  may  be  laved.  The  preu  itidi, 
at  sliDwn  in  the  aulqoined  eleTation,  doe*  not  materially  differ  from  those  in 


general  uie.  The  bed  b,  and  the  head-piece  e,  uiuit  be  of  the  most  tolid  and 
tenacious  maleriBia;  rheseparta  ore  braced  and  held  together  by  four  stout  cait- 
iroii  hollow  oulurana  or  cylinders  dd,  having  a  longitudinal  slot  mortice  throughout 
their  length  for  tht  ric.'iitiou  of  the  corner  i)iece8  of  lh«  plates,  as  •hown  by  the 
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annexed  diagram,  wbicb  exhibits  a  plan  of 
a  plate,  with  its  four  corner  pieces  inserted 
in  the  slots  of  the  cylindrical  columns,  the 
dark  central  parts  of  each  being  the  space 
where  the  hot  air  acts  upon  the  comers  of 
the  plates ;  the  heat  from  which,  by  the 
condttcting  power  of  the  metal,  is  quickly 
communicated  throughout.  A  series  of 
these  plates  is,  shown  in  the  elevation, 
attaches  to  each  other  by  means  of  short  pieces  of  chain,  which  allow  the 
plates  to  be  pressed  nearly  close  together,  or  tne  drawine  of  them  further  apart 
DV  the  action  of  the  screw  e.  The  ends  or  comer  pieces  of  the  plates  are 
shown  by  dotted  lines,  as  inserted  in  the  hollow  columns.  The  mmace  or 
fire-place  is  placed  underneath  at  /;  at  ^  is  the  ash-pit,  and  at  A  is  the  hot-air 
chamber.  The  bars  of  the  furnace  are  made  hollow,  which,  being  heated  by 
the  burning  fuel,  the  cold  air  rashes  through  them,  abstracting  caloric  in  its 
passage,  and  is  received  at  the  back  into  the  hot-air  chamber,  which  lines  the 
sides,  topt  and  part  of  the  back  of  the  fire.  The  air  in  this  chamber  derives  a 
great  increase  of  heat  by  radiation  through  the  iron  partition  which  separates 
It  from  the  fire.  The  hot-air  chamber  is  of  course  kept  closed,  the  front  plate 
being  merely  removed  in  the  drawing  to  show  its  form ;  a  sliding  plate  should 
be  made  to  fit  the  front  ends  of  the  hollow  bars,  by  which  the  quantity  of  air 
admitted  may  be  lessened  or  augmented;  and  by  a  due  attention  to  the 
management  of  the  fire,  the  heat  may  easily  be  regulated  with  sufficient 
exactness  for  the  nature  of  the  operation.  The  hot-air  is  conducted  from  the 
chamber  h,  by  means  of  four  iron  pipes,  and  to  each  of  the  cylindrical  pillars ; 
two  of  these  are  shown  by  the  dotted  lines  it.  As  the  hot-air  issues  from  these 
pipes  it  ascends  the  columns,  impinging  in  iti  progress  upon  the  ends  of  the 

Elates,  and  heating  them  to  the  degree  required  K>r  hot-pressing.  For  fire-proof 
ouses,  see  the  article  Fias. 

HOUSE.  A  building  constracted  for  the  purpose  of  habitation.  The  recent 
improvements  made  in  the  construction  of  the  constituent  parts  of  houses, 
such  as  windows,  shutters,  rooft,  chimneys,  &c.  we  have  eiven  under  their 
respective  heads;  and  as  it  would  be  trespassing  far  beyond  ue  assigned  limits 
of  this  work  to  introduce  into  it  a  regular  treatise  on  the  subject  of  house- 
building, it  is  with  satisfaction  that  we  can  recommend  to  the  attention  of  the 
inquiring  reader,  Nichobotit  Practical BuUdcTf  in  which  the  modem  practice 
of  this  most  important  art  is  clearly  developed  in  all  its  details. 

HOWITZER.  A  kind  of  artillery  between  a  cannon  and  a  mortar ;  being 
longer  than  a  mortar  and  shorter  tlian  a  canuon,  and  from  that  circumstance 
adapted  to  throw  either  shot  or  shells ;  it  is  usuaJly  mounted  as  a  cannon  upon 
a  travelling  carriage. 

HULK.  A  large  vessel  moored  and  fitted  up  for  the  purpose  of  taking  out 
or  putting  in  the  masts  of  other  ships,  and  for  various  other  purposes  that  may  be 
required  m  nautical  afibirs.  They  are  sometimes  employed  to  contain  stores, 
and  sometimes  for  the  secure  detention  of  prisoners. 

HUNGARY  WATER  is  made  by  distilling,  m  a  water  bath,  two  pounds  of 
fresh-ffathered  flowers  of  rosemary,  with  two  quarts  of  the  rectified  spirit  of  wine. 

Hurdles,  a  light  fence  of  open  rails,  made  in  convenient  detached 
pieces,  for  fixing  separately  in  the  ground  by  stakes  or  prongs ;  the  hurdles 
being  afterwards  tied  together,  end  to  end,  constitute  a  continued  fence.  Until 
recently  they  were  almost  wholly  made  of  split  oak  or  other  tough  wood ;  but 
now,  from  the  low  price  of  iron  and  the  fiiciUties  of  manufacturing,  iron  hurdles 
are  extensively  used. 

HYACINTH.    A  sub-species  of  pyramidal  zircon.    Colours  red,  brown, 

Seen,  and  grey,  and  more  rarely  yellow.    The  darker  varieties  are  deprived  of 
eir  colour  by  beat,  a  fact  of  which  artists  avail  themselves  to  make  zircon 
resemble  diamond.     It  is  esteemed  by  lapidaries  as  one  of  the  gems. 

HYDRATES.  Compounds,  in  definite  proportions,  of  metallic  oxides 
with  water. 
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HYDRAULICS  ib  the  term  applied  to  that  eollection  of  fiuts  wliieK 
describe  the  phenomena  of  fluids  in  motion.    In  treating  of  hydroitatics,  we 
have  shown  that  fluids  press  in  all  directions,  and  that  the  pressure  is  as  the 
depth :  hence  if  a  small  hole  be  made  in  the  bottom  or  side  of  a  veasd,  the 
velocity  with  which  the  water  will  issue  will  depend  on  the  pressure  above  it, 
that  is  on  the  depth  of  the  hole.    If  a  vessel  be  kept  quite  full  of  water,  so 
that  the  height  may  remain  fixed,  and  holes  be  made  at  various  depths  beneath 
the  surface,  it  will  be  found  that  the  velocity  of  the  issuing  fluid  will  be  ss 
the  square  root  of  the  depth  of  the  hole.     Hence  to  produce  the  velocities 
1,  2,  3,  4,  the  correspondmg  depths  must  be  1,  4,  9,  16,  which  are  the  squares 
of  the  velocities.    To  produce  a  double  velocity  we  see  a  fourfold  pressure  is 
required.    To  explain  this,  we  must  bear  in  mind  that  when  the  velocity  is 
doubled,  a  double  quantity  of  fluid  must  issue,  and  as  this  issues  with  a  double 
velocity,  the  power  requisite  to  produce  this  effect  must  be  four  times  greater. 
In  like  manner  three  times  the  quantity  of  fluid  issuing  with  three  times  the 
velocity,  will  require  a  power  nine  times  greater,  and  so  on.    This  law,  it  will 
be  seen,  is  coincident  with  that  of  bodies  falling  in  free  space  by  the  power  of 
gravity.     To  produce  a  double  velocity,  a  fourfold  height  is  required;  to 
produce  a  threefold  velocity,  a  ninefold  height  is  required.     Thus  it  appears  if 
a  particle  of  water  were  to  fall  unresisted  from  the  surface  of  the  fluid  to  the 
orifice,  it  would  acquire  the  same  velocity  as  the  issuing  water  actually  exhibits. 
If  a  small  tube  were  attached  to  the  orifice  and  turned  upwards,  the  water 
would  ascend  to  a  height  equal  to  its  source,  were  it  not  for  the  resistance  of 
the  air,  and  the  friction  against  the  sides  of  the  tobe.    The  absolute  velocity  of 
the  fluid  cannot  be  ascertained  by  calculation  alone,  and  must  therefore  depend 
partly  upon  experiment     In  the  annexed  cut  it  will  be  seen 
that  the  particles  of  water,  on  account  of  the  equality  of  pres- 
sure on  ail  sides,  will  so  far  interfere  with  each  other  s  motion, 
that  the  stream  will  be  contracted  a  little  below  the  orifice. 
This  contracted  part  was  called  by  Sir  I.  Newton,  who  first 
observed  it,  the  vena  caniracta,  or  contracted  vein;  and  its 
magnitude  compared  with  that  of  the  orifice,  was  found  to  be 
as  one  to  the  square  root  of  two  nearly,  or  as  1000  to  1414. 
Now  the  velocity  found  by  the  rule  we  have  before  stated  is 
the  velocity  at  the  vena  contracta.  But  as  the  velocity  of  fluids  in  a  channel  varying 
in  diameter  is  inversely  as  its  sectional  area,  the  velocity  at  the  orificeislesa  than  at 
the  vena  contracta  in  the  proportion  of  1  to  2,  or  as  before  stated,  aa  1000  to  1414. 
Hence  it  follows,  that  the  velocity  at  the  orifice  is  that  which  a  body  would 
acquire  in  falling  through  half  the  altUude  of  the  fluid  above  the  orifice.  From 
this  theorem  we  may  easily  calculate  the  quantity  of  water  that  would  escape 
through  a  given  orince  in  any  time.     Let  a  cistern  or  other  vessel  be  six  feet 
high,  and  kept  full  of  water,  and  it  be  required  to  ascertain  what  quantity  of 
water  would  run  out  through  a  hole  a  quarter  of  an  inch  area,  near  the  bottom, 
in  ten  minutes.     By  the  laws  of  mechanics  we  find  that  the  velocity  acquired 
by  a  body  falling  through  half  the  height,  viz.  three  feet,  is  fourteen  feet  in  a 
second ;  i£,  then,  we  multiply  the  area  of  the  orifice,  namely  a  quarter  of  sn 
inch  by  14,  and  then  by  600,  the  number  of  seconds  in  ten  minutes,  we  shall 
obtain  2100  cubic  inches,  or  seven  gallons  and  a  half  as  the  issuing  quantity. 
The  quantity  of  water  that  issues  Uirough  a  hole  in  the  bottom  of  a  vessel 
may  lie  varied  by  inserting  small  tubes  in  the  holes.    Thus  it  was  found  by 
Venturi  that  when  a  small  tube  was  applied  whose  length  was  equal  to  twice 
the  diameter  of  the  hole,  it  discharged  eighty-two  quarts  of  water  in  one  hun- 
dred seconds,  while  the  hole  without  the  pipe  discharged  but  sixty-two  quarts 
in  the  same  time.  If  the  pipe,  instead  of  being  level  at  its  top  with  the  bottom 
of  the  vessel,  nrojecto  some  distance  within  it,  it  diminishes  the  dischaige  to 
less  than  womd  occur  with  the  simple  hole.    In  the  preceding  view  of  the 
velocity  of  discharge  we  have  considered  the  surface  of  the  water  as  maintaining 
the  same  level ;    but  in  ascertaining  the  time  in  which  a  vessel  would  empty 
itoelf  through  a  eiven  hole,  it  must  be  evident  that  attention  must  be  given  to 
the  varying  depth  of  the  fluid.   If  the  fluid  flow  with  a  velocity  of  sixteen  feet 
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per  second,  when  the  vessel  is  fall,  it  will  flow  with  a  velocity  of  eight  only 
when  the  vessel  has  discharged  three-fourths  of  its  contents,  diat  is,  when  the 
height  is  reduced  to  a  quarter  of  its  original  altitude.     If  it  be  considered  that 
the  pressure  is  continuallpr  diminishing  with  the  flow  of  water,  it  will  easily  be 
conceived  that  the  quantity  of  water  tnat  will  flow  out  will  be  only  one  half  of 
that  which  would  be  discharged  if  the  vessel  were  kept  fuU.    In  this  case  the 
surface  would  sink  with  a  gradually  retarded  motion ;  and  if  the  sides  of  the 
vessel  were  marked  with  a  series  of  numbers  representing  the  hours  of  the  day, 
it  would  form  the  clepsydra,  or  water-clock  of  the  ancients,  the  surface  of  the 
water  being  the  index.    The  same  law  applies  to  the  conveyance  of  water 
through  vafieys  in  pipes,  as  we  have  shown  to  exist  in  the  issue  of  water  from 
holes  in  the  bottoms  of  vessels.     If  it  were  required  to  convey  water  across  a 
valley  of  considerable  depth,  the  pipe  employed  must  have  great  strength  to 
withstand  the  pressure  arising  from  the  height  of  its  source.     If  a  small  hole 
were  made  in  the  pipe  the  height  to  which  the  water  would 
ascend,  would  indicate  the  great  pressure  existinc^.    In 
this    way    various   fountains   may   be    constructecL     In 
conveving  water  from  a  higher  to  a  lower  level,   when 
it  is  inconvenient  to  form  a  channel,  the  syphon  may  be 
employed.     This  consists  of  a  bent  tube.  A,  B,  C,  having  a 
shorter  and  a  longer  leg.    The  shorter  leg  is  placed  in  the 
water  to  be  removed,  and  the  air  being  then  drawn  out 
through  a  tube  communicating  with  the  longer  leg,  or  by 
means  of  a  stop-cock,  the  water  will  rise  in  toe  shorter  leg 
by  the  pressure  of  the  external  air,  and  goins  over  the  bend  _ 

of  the  tube,  will  run  in  a  continuous  stream  as  long  as  the  level  "^^^ 

of  the  water  at  A  is  lower  than  that  at  C.  In  the  flowing  of  water  through 
holes  in  the  sides  of  vessels,  the  same  proportions  obtain  as  in  the  discharge 
through  holes  in  the  bottom.  If  A  B  repre- 
sent a  vessel  kept  flill  of  water,  and  holes 
be  made  in  the  ^ides  at  ab  e,  the  water 
will  be  found  to  spout  to  dlflerent  distances, 
and  yield  difierent  quantities  according  to 
the  depth  of  the  orifice.  Thus  the  quantities 
of  water  that  would  flow  from  a  and  c  would 
be  as  1  to  2,  because  their  depth  are  as  1  to 
4 ;  and  from  any  other  hole  the  quantity 
would  stiU  be  as  the  square  root  of  its  depth. 
If  a  semicircle  be  imagined  to  stand  with 
it§  diameter  on  one  side  of  the  vessel, 
and  lines  be  drawn  perpendicular  to  the 
diameter,  bs  ad,  b  e,  ana  c/,  these  lines  will  show  the  proportionate  distances 
to  which  the  fluid  wiU  spout  The  vena  contractor  in  this  case,  being  very  near 
the  vessel,  the  velocity  of  projection  at  this  point  musfbe  considered  as  the  true 
velocity ;  and  this  is  equal  to  that  acquired  by  a  body  falling  through  the  whole 
height  of  the  fluid  above  the  hole.  The  curve  c  C  described  by  the  water,  is  a 
parabola,  whose  vertex  is  at  e ;  and  by  a  property  of  the  parabola,  B  Q  the 
distance  to  which  the  fluid  spouts  from  B  la  equal  to  twice  the  square  root  of 
(B  c  multiplied  by  e  A)  which  is  equal  to  twice  c  /  In  a  vacuum,  therefore, 
double  the  lines  ad,  eb^  tf,  represent  the  distances  to  which  the  fluid  would 
spout  If  the  water,  instead  of  flowing  through  a  very  small  hole,  had  to  flow 
tnrough  a  long  slit,  the  velocity  would  difier  at  the  top  and  bottom,  and  in  this 
case,  the  point  which  may  be  taken  as  that  of  ihe  mean  velocity,  is  two-thirda 
of  that  at  the  lowest  point  In  the  action  of  liquids,  as  in  solids,  a  considerable 
quantity  of  power  is  constantly  consumed  in  friction ;  hence  the  velocity  of 
water  tiirough  pipes  or  jets  is  considerably  diminished,  as  is  dso  the  motion  of 
rivers,  a  circumstance  which  is  essentially  beneficial  to  navigation ;  for  otherwise, 
the  velocity  of  the  water,  conUnually  increasing  in  its  f(ul,  would  become  so 
great  as  to  be  unmanageable.  For  further  information  in  this  science,  con- 
sult the  articles,  Pumps,  Water- Wheels,  and  the  various  hydraulic  machines. 


711)  HYDRAULIC  ENGINES. 

HYDRAULIC  ENGINES,  are  til  kiudi  of  maduiiti  which  cilber 
receive  motioD  from  the  weight  or  impube  of  (rkter,  or  an  employed  m  railing 
it ;  bjt  the  tenn  ii  tometimes  lued  to  denote  ■  macbitie  which  in  it*  genenl  coo- 
itruction  reieinblet  a  steam  engine,  but  the  piitoa  of  which  ii  impelled  hj  the 
preMure  of  «  column  or  head  of  water.  The  annexed  ^ure  ii  a  repreaontation 
of  ■  statical  h jdraulic  engine  erected  by  Mr.  Manwanng,  at  Henn.  Cooh  & 


Co.'s  Alum  Works,  nFar  Whitby.  A  is  the  pipe  by  which  the  supply  of  iratt^ 
is  brought  from  ahead  170 feet  above  the  engine;  B  is  a  vessel  coutaining  air, 
the  continual  elastic  pressure  of  which  prevents  the  blow  that  would  otherwise 
be  occasioned  by  the  descent  of  tlie  water ;  e  is  a  throttle  valve ;  d  d  is  t 
hollow  open  cylinder,  working  within  an  exterior  one,  and  closely  applied  to 
that  cylinder,  at  the  parts  eete,  but  elsewhere  leaving  a  vacant  space  between 
the  two  cylinders  for  the  reception  of  the  water ;  k  h  are  packings,  in  order  (o 
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pvevent  Uie  eicape  of  the  water  between  the  two  c^linden ;  and  i  i  are  adjiiit- 
ing  screws,  to  tighten  the  packing  in  nroportion  as  it  is  worn  away ;  //are  two 
passages  that  lead  into  the  upper  and  lower  ends  of  the  pipe  g,  in  which  the 
piston  w  works.    When  the  cylinder  <^  <^  is  in  the  position  represented  in  the 
cut,  the  communication  is  open  by  means  of  the  upper  pipe/  for  the  water  to 
flow  into  the  pipe  ff  above  the  piston  w  ;  at  the  same  time  the  passage  is  open  for 
die  water  in  the  cylinder  g^  below  the  piston,  to  flow  out  through  the  lower  pipe/ 
and  through  the  lower  part  of  the  open  cylinder  d^  into  the  pipe  x,  which  is  some- 
what more  than  30  feet  long,  and  terminates  in  a  cistern  of  water.  There  is  there- 
fore, above  the  piston  w,  a  hydrostatic  pressure  equal  to  1 70  feet  of  water,  and  below 
it  a  partial  vacuum ;  the  piston  consequently  descends  to  the  bottom  of  the  pipe 
o.    By  the  time  that  it  nas  arrived  in  this  position  the  cylinder  d  will  slso 
have  descended  so  far  as  to  have  opened  the  communication  between  the 
entering  water  and  the  lower  pipe  /  and  to  have  shut  off  its  communication 
with  the  upper  pipe  /;  the  hydrostatic  pressure  is  therefore  transferred  to  the 
under  part  of  the  piston,  which  consequently  rises,  while  the  water  above  the 
piston  pours  into  the  top  of  the  cylinder  d,  and  escapes  through  the  pipe  x. 
The  alternate  motion  of  the  slide  or  cylinder  d  is  thus  effected.    The  rod  of 
the  piston  9  p  is  attached  at  its  top  to  one  end  of  the  beam ;  at  the  other  end  of 
the  beam  is  a  rod,  terminating  below  in  the  crank  m  ;  the  oscillating  motion  of 
this  crank  is  transferred,  by  means  of  the  connecting  bar  l^  to  the  axis  k,  on 
which  is  placed  the  curved  tooth  or  cam  n;  the  latter  is  enclosed  within  the 
rectangular  frame  (or  cam  box)  j,  and,  beine  movable  in  a  horizontal  position, 
is  conseouendy  made  to  perform  a  backward  and  forward  motion,  by  the  cam 
passing  first  on  one  and  then  on  the  other  side  of  the  box.    To  the  outside 
of  the  box  are  fixed  two  guide  bars,  supported  on  thm  bearings  o  o,  the  con- 
necting rod  p  at  one  end  to  the  guide  bar,  and  at  the  other  end  to  the  arm  q  of 
a  bent  lever,  having  for  its  fulcrum  the  pivot  r;  the  other  end  of  the  lever  is 
forked,  and  embraces  the  pipe  x  ;  one  of  these  forks  s  is  connected  with  the 
lower  end  of  the  upru^ht  rod  /,  and  the  other  fork  is  connected  with  a  similar 
rod.    These  rods  are  &tened  at  top  to  the  two  ends  of  a  cross  bar,  to  the  midcUe 
of  which  is  fixed  the  rod  n,  which  works  in  the  stufSng  box  «,  and  gives  motion 
to  the  slide  d.    The  slide  remains  stationary  nearly  half  a  stroke  of  the  piston, 
in  order  to  allow  the  water  to  act  with  its  full  force;  and  this  is  effected  by  its 
being  necessary  for  the  cam,  after  it  has  moved  the  box  in  one  direction,  to  per- 
form about  a  quarter  of  a  revolution  before  it  can  act  on  the  opposite  side  of 
the  box.    The  reason  for  making  the  passages //as  large  as  represented,  is  to 
diminish  as  much  as  possible  the  firiction  of  tiie  water,  which  otherwise  would 
retard  the  motion  or  ihe  piston,    j^gines  upon  the  principle  of  the  above 
have  been  long  known,  and  some  were  erected  m  Cornwall  more  than  sixty  years 
agpo.    Some  of  the  earlier  attempts  to  construct  hydraulic  engines  upon  the 
principle  of  the  steam  engine  fiuled,  because  water,  not  being  ehstic,  could  not 
be  made  to  carry  the  piston  onwards  a  little,  so  as  to  close  one  set  of  valves, 
and  open  the  other.    In  an  enffine  erected  by  Mr.Trevethick,  about  thirty  years 
ago^  a  tumbler  connected  with  the  valve  gear  performs  the  office  instead  of 
the  expansive  force  of  the  steam  at  the  end  of  tne  stroke.    This  is  now,  how- 
ever, much  better  effected  by  the  introduction  of  an  air  vessel  similar  to  that 
shown  in  Mr.  Manwaring's  engine,  which  has  besides,  the  effect  of  preventing  a 
concussion  at  the  end  of  each  stroke. 

Mr.  Seidler  has  taken  out  a  patent  for  an  engine,  which  he  calls  a  hydraulic 
engine,  but  which  we  think  should  rather  be  styled  a  pneumatic  engine,  as  raising 
water  is  merely  one  of  the  objects  to  which  he  proposes  to  apply  the  principle, 
which  is  that  of  employing  compressed  air  as  a  medium  for  transmitting  the  power 
of  any  prime  mover  to  machinery  at  a  distance,  or  in  situations  where  Uie  ordi- 
nary modes  of  connexion  would  be  inconvenient  or  impracticable.  The  principle 
itself  is  very  old,  having  been  employed  by  Papin  as  noticed  under  ue  word 
Air.  The  engraving  on  the  next  page  represents  the  application  of  the  prin- 
ciple to  the  purpose  of  raising  water  from  any  depth,  ana  through  straight  or 
circuitous  passages,  a  a  represents  a  cylmder,  in  which  a  piston,  p,  works  by 
means  of  a  steam  engine  or  other  power,    hg  art  copper  pipes,  forming  a 
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...  tank  or  -_^  ,  _^ 
ge  daliretr  ~  "^Sff 
sr  material,    ,,,--'''[' 


pipe,  of  oopper  or  other 
througii  wludi  the  nt«T  ii  conveyed 
from  the  tank,  and  diichirKed;  at 
r  ii  an  aii^tight  paititm),  ^Tiding 
the  tank  into  two  parti,  k  and  t; 
and  1 1  are  two  air-tight  partitioiu, 
proeeeding  from  the  top  nearly  to 
the  bottom  of  the  tank ;  e  U  a  two- 
way  eock,  for  effecting  an  alternate 
eommunicatioii  between  a  and  k, 
and  between  a  and  L  The  other 
parti  of  the  machine  will  be  ex* 
plained  in  the  following  deecHptian 
of  it*  action.  Suppou  the  piiton  p 
to  be  railed  from  iti  preeent  pou- 
tion  in  the  cylinder,  the  air  above 
it  will  be  conveyed  through  the 
valve  e,  and  the  pipe  A  into  the 
venel  k,  and  force  the  water  con- 
tained therein  through  the  valve  i, 
up  the  pipe  oo,  while  air  will  be 
■applied  to  the  cylinder  helow  the 
pi^n  through  the  valve  b.  When 
the  pi«ton  deicendi,  the  air  wUI 
paai  from  the  lower  to  the  upper 
aide  of  it   by   the    valve   d;    tma 

r'ation  i(    to   be   continued   ttll 
Ihe  water  it  forced  out   of  k, 
when  the  two-way  cock  *  muit  be 
turned  to  change  the  communication 
throueh  the  valve  e  to  the  pipes  a, 
and  the  part  of  the  tank  J  at  the  i 
■ajne    timej    the    ur   which    wai  L 
forced  into  k  wilt  be  permitted  to  " 
re-enter  the  cylinder  through  the 
pipe  w,  Bi  thown  by  the  dotted  linei 
m  the  cock  t,  ao  that  no  air  will  be 
required   to   enter   at  the  valve  i 
except    at  the   commencement   of 
the  operation,  or  when  any  of  the 
air  ii  diicha^ed  with  the  water,  or  Z 
otherwiw   dinipated.      When    the  " 
air  it  liberated  front  the  receptacle  - 
(  of  the  tank,  it  will  be  uain  filled  ^ 
with  water  through  the  valve  m,  the  ^ 
valve  I  being  shut  by  the  preantre  of  f 
the  water  in  the  pipe  o  o.      During   - 
thii  time,  the  water  in  /  will  be  J 

forced  through  the  valve  h;  in  the  ^r~  "  —  ~  " ~  — ^^^^^ 

•ama  manner  from  k,  through  the 

valve  i.  The  cock  e  to  be  turned  by  the  hand  or  by  the  mKhtnery,  a'to 
■uch  a  number  of  tCrokei  of  the  piiton  in  the  cylinder  ai  it  nifflcient  to  dti|du« 
the  water  in  one  division  of  the  tank.  For  machine!  for  raiting  water,  «n 
PuMPi  and  Watbi  Woaaa. 

HYDRAULIC  MACHINES.  Under  thii  head  we  propoM  to  noticr 
vanom  machine!  which  are  at  tlmea  employed  in  lieu  of  pumpe  for  rtjiillg 
water,  or  which  have  been  proposed  for  inat  puTpote.     The  moat  limple,  » 
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well,  perhapi,  aa  the  moet  ancient  (next  to  the  bucket  and  windlanX  is  theCochlion 
Water  Screw  of  Archimedes.  It  connsts  of  a  cvlinder  of  wood,  of  about  a  foot 
in  diameter,  and  of  any  length  at  pleasure,  and  on  this  a  leaden  pipe  of  any 
bore  is  wound  from  the  bottom  to  tne  top.  When  the  bottom  of  uie  cylinder 
revolves  in  the  water  (by  means  of  a  common  winch  handle  at  top,  and  of  a  pintle 
in  the  centre  of  its  base,  which  rests  in  a  bore  or  step  for  that  purpose  below,) 
tiie  reclined  portion,  as  shown  in  the  following  figure,  occasions  the  water  to 
enter  the  mouth  of  the  pipe,  and  as  by  its  mviW  it  naturally  occupies  the 
lowest  part  of  the  pipe,  whilst  by  the  revolution  of  the  cylinder  the  orifice  of 
the  pipe  is  ^iradually  elevated,  and  a  different  portion  of  the  pipe  occupies  the 
lowest  position,  the  water  advances  progressively  along  the  pipe,  always  occupy- 
ing the  lowest  portion  of  the  bends  or  turns  of  the  pipe,  untu  it  at  length  reacnes 


the  top  of  the  cylinder,  and  is  dischaiged  into  a  vessel.  This,  however,  raises 
but  a  small  quanti^,  although  the  heient  may  be  indefinite ;  therefore,  when  this 
machine  is  used,  it  will  be  found  eliffible  to  cover  the  whole  surface  of  the 
cylinder  with  a  number  of  pipes  laid  close  together,  or,  what  is  a  better  method, 
and  is  that  which  is  usually  adopted,  is  to  wind  a  number  of  spiral  feathers 
round  the  cylinder,  standing  out  from  it  at  rifht  angles  like  the  sauare  threads 
of  a  screw,  and  covering  tnese  feathers  with  an  exterior  case  closely  fitting 
in  every  part.  These  machines  were  formerly  in  great  repute;  but,  owing 
to  their  liability  to  become  choked  with  weeds  and  mud,  they  are  not  often 
employed  at  present. 

The  figure  on  page  720  represents  what  is  called  the  horn-drum ;  it  is  formed 
of  a  number  of  segments  passing  from  the  circumference  of  a  large  flat  cylinder 
to  its  centre.  This  afiforas  an  easy  mode  of  raising  water.  The  mouths  or 
scoops  by  turns  dip  into  the  water,  and  as  they  rise  cause  it  to  pass  up  the  horn 
or  segment,  until  it  is  discharged  into  a  trough  placed  under  the  end  of  the 
axis,  which  is  hollow,  and  is  formed  into  a  number  of  separate  compartments, 
each  communicating  with  one  of  the  horns  or  segments.  One  cusadvantage 
of  this  machine  is  that  it  raises  water  no  higher  than  the  axle,  and  is  therefore 
only  applicable  in  situations  where  the  water  is  required  to  be  raised  to  an 
inconsiderable  height  This  circumstance  renders  it  necessary  to  construct  it  of 
double  the  diameter  of  wheels  that  discharge  their  water  at  their  tops.  This 
machine,  however,  might  be  altered  to  do  so  likewise,  by  confining  tne  scoops 
to  near  die  periphenr  of  the  wheel,  and  dischar^g  them  by  means  of  latenl 
valves,  to  be  opened  by  coming  against  a  contnvance  fixed  at  the  top  of  the 
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wheel  for  that  porpote.  The  Persian  wheel,  represented  in  the  foDowing  engnv- 
ing,  is  free  from  the  defect  of  the  last  described.  In  this  machine  a  number 
of  rectangular  buckets  aaaa  are  hung  upon  strong  pins  bbbb,  fixed  in 
the  side  of  the  rim,  the  diameter  of  which  must  somewhat  exceed  the 
heiffht  to  which  the  water  is  required  to  be  raised.  As  the  wheel  turns,  the 
buckets  on  the  right  hand  descend  into  the  water,  where  they  are  filled, 
and  return  up  full  on  the  left  hand,  until  Uiev  arrive  at  the  top  at  ifc,  where 
they  strike  aninst  the  end  n  of  the  fixed  trough  ai  by  which  they  are 
overset,  and  thus  discharge  the  water  into  the  trough,  from  which  it  may  be 
conducted  bpr  pip^  to  wherever  it  is  required ;  and  as  each  bucket  gets  over 
the  trough,  it  fafis  again  into  a  perpendicular  position,  and  so  goes  down  emptj 
until  it  comes  to  the  water  at  o,  wnere  it  u  filled  as  before.  On  each  backet  na 
spring  r  which,  as  it  passes  over  the  edge  of  the  trough,  elevates  the  end  oftbe 


bucket  above  the  level  of  its  mouth  so  as  to  discharge  the  whole  of  the  water 
Into  the  trough.  These  springs  are  likewise  useful  in  preventing  the  concussioB 
of  the  buckets  against  the  trough.  This  machine,  as  weU  as  the  horn-drum,  it 
frequentiv  driven  by  means  of  floats  attached  to  the  opposite  side  of  the  rim. 

The  Hunffarian  machine,  so  called  from  its  having  been  employed  in  drain- 
ing a  mine  m  Chemnitz,  in  Hungary,  produces  its  action  by  tne  oondensadon 
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of  a  confined  portion  of  air,  produced  by  the  descent  of  a  high  column  of  water 
contained  in  a  pipe,  and  therefore  acts  with  a  force  proportionate  to  the  weight 
of  nich  column.    Its  general  form  is  shown  in  the  annexed  cut,  by  which  it  will 
appear  that  it  is  an  exceedingly  simple  and  useful  machine,  admitting  of  many 
modifications  and  applications;  but  it  can  be  used  only  in  hill^  countries,  or  situ*- 
tions  where  the  source  of  water  by  which  it  is  to  be  worked  is  as  much  above  the 
top  of  the  weU  as  the  water  to  be  raised  is  underneath  it    In  this  fisure  a  ii 
supposed  to  be  a  well,  or  the  shaft  of  a  mine,  from  the  bottom  of  which  it  is 
necessaiy  to  raise  the  water  standing  at  the  level  6  6.    c  c  Is  the  surface  of 
the  ground  at  the  top  of  the  weU  or 
shaft,  at  which  the  discharged  water 
must  have  an  opportunity  of  escaping, 
either  by  running  to  waste,  or  being  con- 
verted to  some  useful  purpose;  and  d  is 
the  sprinff  or  other  elevated  source  from 
whence  the  supply  of  water  for  working 
the  machine  may  be  obtained.    The 
machine  itself  consists  of  three  cisterns^ 
chests,  or  reservoirs,  two  of  which  at 
9  and/ must  be  made  very  strong,  and 
perfectly  air-tight,  while  the  thira  at  d 
may  be  weaker,  and  oj^n  at  the  top,  as 
it  is  merely  for  collecting  and  retaining 
the  spring,  rain,  or  ouer  water  for 
working  the  machine.  The  lowest  doae 
chest  or  reservoir  e  must  be  sunk  b»» 
low  the  surface  6  6  of  the  water  in  the 
shaft  or  well  a,  but  must  not  come  into 
contact  with  ito  bottom,  otherwise  the 
water  would  be  prevented  entering  the 
chest  by  the  valve  47,  which  opens  in- 
wards for  its  admission.  An  open  pipe 
k  h  passes  tcom  very  near  the  bottom 
of  this  chest,  through  ito  top,  in  an  air- 
tight manner,  and  proceeds  upwards  in 
the  shaft  aa  far  as  the  surface  of  the 
ffround,  where  it  bends  over  to  deliver 
Ito  water,  as  at  A  c.  Another  open  pipe 
ij,  which  may  be  of  rather  smaller 
dimensions  than  the  last,  proceeds  firom 
the  top  of  the  lower  chest  e  to  very 
near  ue  top  of  the  second  chest/;  and 
a  third  pipe,  kl,  af  the  same  capacity 
as  the  first,  proceeds  firom  very  near  the 
bottom  of  the  second  dose  chest,  up  to 
the  bottom  of  the  high  reservoir  d,  but 

has  a  cook  or  valve  at  I,  by  which  it  can  occasionally  be  shut  or  opened.  A 
cock  or  valve,  of  large  dimensions,  is  also  fixed  at  m,  by  which  the  second 
chest/  can  be  emptied  of  ito  water,  and  a  smaller  cock  is  fixed  higher  up,  as  at 
%  for  discharging  ito  air.  To  set  the  machine  in  action  nothing  more  is  neces- 
sary than  to  shut  the  cocks  /  and  m,  and  open  the  cock  n,  from  which  the 
air  previously  contained  in  the  lower  chest  wul  escape,  and  ito  place  will  be 
filled  up  bv  the  water  6  6^  which  will  pass  through  tne  valve  ^,  until  the  chest 
e  is  completely  filled.  That  done,  ihe  air  cock  n  is  to  be  shut,  and  the  water 
cock  /  opened,  when  a  column  of  water,  etjual  to  the  fuU  height  and  pres- 
sure of  tne  cutem  d,  will  rush  down  the  pipe  k  4  and  b^  filling  the  chest  ^ 
will  expel  ito  air,  which  has  no  other  opportunity  of  escapmg  but  bv  the  open 
pipe  t  i,  down  which  it  will  pass,  and  pnMUce  a  pressure  on  uie  surface  of  the 
water  in  Uie  lower  chest  equal  to  the  entire  heignt  of  the  column  kl;  and  the 
air  thus  thrown  into  the  chests,  being  in  a  condensed  state,  will  form  the 
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water  proTiooily  in  thai  tbest  up  tha  pipe  AA»  from  whence  it  will  be  die- 
chaiged  at  c     The  lower  chest  e  will  now  be  filled  with  air,  while  the  upper 
cheat/ will  be  occupied  by  water:   therefore  the  cock  /  must  be  ihut,  and 
that  at  m  opened,  when  the  whole  of  the  water  from  /  will  be  discharged  at 
c,  and  will  give  the  air  in  e  an  opportunity  of  returning  again  into  /  through 
the  pipe  1 1 ;  and  as  the  air  from  e  escapes,  its  place  will  be  occupied  by 
a  new  charge  of  water,  which  will  rise  through  the  valve  g^  and  again  fiU 
the  lower  chest  e,  and  prepare  it  for  a  second  dischaige.     All,  therefore, 
that  is  necessary  to  keep  ttie  machine  in  action  is  to  open  the  cocks  /  and  at 
alternately,  that  is  to  say,  to  keep  the  cock  I  open  as  long  as  any  water  flows 
from  the  discharging  pipe  at  A  c,  and  as  soon  as  the  efflux  ceases,  to  shut  the 
cock  4  and  open  m  to  discharge  the  water  from/,  and  permit  the  lower  chest  • 
to  fill,  which  will  be  eflfected  whenever  water  ceases  to  flow  firom  at.    The  cock 
SI  must  then  be  shut,  and  /  opened,  and  so  on  alternately,  which  may  easQv  be 
done  mechanically,  and  without  superintendence^  by  using  a  part  of  the  impeUing 
water  firom  d^  or  that  which  has  been  discharged  firom  h  e,  and  which  may  be 
employed  to  turn  a  small  water-wheel,  or  to  fill  two  small  cisterns  in  which 
floats  are  made  to  act   Mr.  John  W.  Boswell  devised  a  contrivance  for  answering 
this  same  purpose,  which  will  be  found  fully  detailed  in  the  second  volume  of 
Dr.  Gregory's  excellent  Treadu  on  Meehama^  where  this  simple  machine  is 
described  under  several  forms  and  modifications.    It  must  not  be  supposed  that 
filling  the  mid^e  vessel/  with  water  will  discharge  the  whole  (^  the  water  out  of 
e,  otherwise  disappointment  in  its  effects  will  ensue ;  because,  although  water  is 
nearly  incompressible,  air  is  highlv  elastic,  and  the  air  in  e  will  be  compressed  into 
less  than  its  natural  bulk,  or  will  be  condensed  with  a  force  equivalent  to  the 
pressure  of  the  perpendicular  column  of  water  h  A,  which  it  has  to  overcome ; 
and  as  atmospheric  pressure  was  shown,  when  speaking  of  the  pumps  under 
the  second  head  or  aivision,  to  be  only  equal  to  the  support  of  a  column  of 
water  about  33  feet  in  height,  so  if  we  imagine  this  to  be  tne  height  of  the  pipe 
h  A,  that  column  of  water  would  require  one  of  double  atmospheric  elasticity 
to  support  it,  and  hence  the  air  in  e  will  be  condensed  to  half  its  former  volume^ 
and,  therefore,  discharge  but  half  the  volume  of  water,  although  /  shofuld  be 
completely  filled.    Dr.  Gregory  frirther  describes  a  curious  phenomenon  which 
takes  place  in  the  working  of  this  machine,  and  which  never  fruls  to  create 
surprise  in  the  strangers  who  visit  it,  and  to  whom  it  is  usually  shown.     That 
is,  when  the  efflux  at  A  c  has  stopped,  if  the  cock  n  be  opened  the  water  and 
air  rush  out  together  with  prodi^ous  violence,  and  the  drops  of  water  sre 
changed  into  haU  or  lumps  of  ice,  issuing  with  such  force  as  frequently  to  pierce 
a  hat  if  held  against  them,  like  pistol  bullets.    This  rapid  congelation  is  a  re- 
markable instance  of  the  general  fact,  that  air,  by  suddenly  expanding,  generates 
cold,  its  capacity  for  heat  being  increased. 

The  Water  jBom,  or  Bilier  HydrauUmte^  as  it  was  called  by  its  inventor, 
M.  Montgolfier,  of  Paris,  is  a  highly  useful  and  simple  machine,  ror  the  purpose 
of  raising  water  without  the  expenditure  of  any  otner  force  than  that  which  is 
produced  by  the  momentum  or  moving  force  of  a  part  of  the  water  that  is  to 
be  raised.  The  effect  of  this  machine  depends  entirely  upon  momentum,  or 
the  new  quantity  of  force  that  is  generated  whenever  a  body  is  put  into  motion; 
and  the  effect  of  this  is  so  great  as  to  give  the  apparatus  the  appearance  of 
acting  in  defiance  of  the  established  laws  of  hydirostatic  equilibnum ;  for  a 
moving  column  of  small  height  is  made  to  overcome  and  move  another  coluxna 
much  higher  than  itself.  The  form  and  construction  of  the  hydraulic  ram  is  shown 
in  the  figure  on  the  next  page.  Suppose^o  to  represent  a  reservoir,  or  the  aouros 
of  a  spnng,  which  is  continually  overflowing  and  running  to  waste  by  means 
of  a  channel  a  few  feet  lower  than  itself,  as  at  the  level  Une  pp.  Instead  of 
permitting  the  water  to  flow  over  the  sides  of  o,  let  it  be  conducted  to  the  level 
ot  pp  by  means  of  pipes  q  q  connected  with  the  side  of  the  reservoir,  and 
termmatmg  by  an  orifice  r,  in  which  a  conical  or  other  valve  » is  placed,  so  as  to 
be  capable  of  eff*ectually  closing  the  pipe  when  such  valve  is  drawn  upwards.  I  is 
an  aqustable  weight,  fixed  on  the  spindle  of  the  valve  s,  by  meana  of  which  the 
valve  is  kept  down  and  open ;  any  water,  therefore,  that  is  in  the  cistern  o  will 


HYD&AUUC  UACHINE3. 


V  down  the  pipa  f  7,  and  nam  1 1 
m;  but theiDituitituraiiMuidi] 


o  low  M  the  Tilre  remalni 
nof  tLawUtri*  nupendad. 


dnking  or  fiirciiiK  iti  tray  downwardi  agaiiut  the  nnud  prettnre  of  the  water, 
the  force  of  whii£  will  depend  upon  the  perpendicular  diiUiiee  from  the  luifaee 
of  the  water  in  e,  to  iti  point  of  diechaige  at  r  (rniieeeDted  by  the  dotted  line 
o  v) ;  cDoseqnsntly,  if  the  Talre  1  be  raiied  by  the  nand  or  otherwiu,  all  motion 


of  the  water  in  the  pipe  g  q  will  ceaee,  but  the  inrtant  the  valve  ii  releaaed,  it 
will  fall  down  and  permit  the  water  to  eicape.  The  water  by  iti  motion  acquira 
momentum  aud  new  force,  and  consequently  ii  no  loDEer  equal  to  the  column 
0  e,  to  which  the  valve  bai  been  adjuited,  but  ii  lupenor  to  it,  by  which  it  ii 
enabled  to  overpower  the  resietance  of  the  weight  (,  and  it  carriei  the  valve  np 
with  it,  and  closes  the  orifice  r.  This  is  no  nraner  done  than  the  water  u 
constrained  to  become  again  stationary,  by  which  the  momentum  is  lost,  and 
the  valve  and  weight  again  become  superior,  and  fall,  thus  reopening  the  onfice, 
and  permitting  the  water  to  flow  again  ;  and  as  the  pressure  of  the  water  and 
the  weight  of  the  valve  each  alternately  preponderate,  the  valve  is  kept  in  a 
constant  state  of  vibration,  or  of  opening  and  shutting,  without  any  external  aid 
whatever.  Such  is  the  principle  upon  which  the  motion  of  the  water  in  the 
pipe  79  is  produced;  but  the  motion  generated  cannot  be  instantly  annihilated; 
and  it  u  not  only  of  sufficient  power  to  raise  the  valve  t,  but  likewise  to  bunt 

rihe  lower  end  of  the  pipe  q  q,  unless  a  sufficient  vent  be  provided,  bv 
h  this  accumulated  force  can  escape.  Accordingly  a  second  valve  h  u 
placed  near  the  lower  end  of  these  pipes,  and  is  made  to  open  upwards  into  an 
air  vessel  a,  with  a  discharging  pipe  x,  and,  consequently,  whenever  the  valve 
t  is  dosed,  the  water  which  would  otherwise  have  flawed  from  the  orifice  r 
now  opens  the  valve  u  and  enters  the  air  vessel,  until  the  spring  of  the  con- 
tained air  overcome*  the  gradually  decreasing  force  of  the  momentum,  when 
the  valve  u  closes,  and  that  at  t  opens  to  permit  (he  water  to  make  a  second 
blow  or  pulsation,  and  in  this  way  the  action  of  the  machbe  continues  un- 
ceasingly, without  any  external  aid,  so  long  as  it  is  supplied  with  water  and 
remains  in  repair.  A  small  running  stream  i*  necessary  for  this  machine,  a* 
the  water  at  o  dionid  be  kept  at  one  constant  elevation  to  ensure  the  perfection 
of  its  action.  A  much  greater  quantity  of  water  likewise  escapes  at  the  orifice  r 
between  the  pulsations  than  can  be  raised  in  the  delivery  pipe  x,  particiJariy 
U  it  extend  to  any  con^derable  height,  for  the  comparativs  quantity  of  water 
diecharg«d  through  x,  and  permitted  to  run  to  wasta  at  r,  mutt  always  depend 
upon  the  respective  perpendicular  heights  of  the  presainr  column  o  v  and  the 
delivered  or  resisting  column  to  x,  and  the  rapidilv  of  the  pulsation)  will  like- 
wise depend  upon  th*  same  circumstances.  Mr.  Millington,  nam  wboM  Epibme 
qf  Naitaral  Philotophv  the  above  description  is  taken,  and  who  has  erected 
severaioftitenmachmes  in  different  pails  of  England,  which  gave  great  tatis- 
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fiietkm,  in  order  to  show  their  eflkainr  gives  the  IbDowing  pirtieiilan  of  om^ 
which,  at  the  time  when  he  wroCe^  had  be^  in  oomtont  uae  fin*  ahont  two  yem. 
The  rewrroir  o  ib  a  hann  of  about  10  feel  aqiiaiv  and  2  ioet  deep,  ranned 
pardy  in  limestone  rock,  and  partly  in  hriekwork,  the  supply  of  water  beiiig 
from  a  natural  spring.  The  pipe  ^  o  is  of  cast  iron,  14  yards  lonff,  and  2  inchfB 
in  diameter.  The  piece  at  the  end,  containiuff  the  air  ressel  ana  the  TalTei,  it 
ahout  fifteen  inches  long;  the  TalTes  11  inch  eacn  in  diameter,  and  made  of  hrui ; 
contents  of  the  air  vess^  about  1  gallon.  The  heicht  from  the  sur&ce  of  the  water 
at  o  to  its  point  of  discharge  at  r,  is  6  feet  4  inches,  measured  perpendicularly. 
The  delivery  pipe  « is  of  lead,  1  inch  in  diameter,  and  proceeds  horiaontally  under 
the  ground  104  feet,  and  then  rises  perpendicularly  to  the  height  of  54  feet 
3  inches  above  the  dbcharge  valve  at  r,  where  it  dehven  the  water  into  a  large 
cistern.  The  water  is  thus  raised  47.11  inches  above  the  surface  of  the  ipiing 
which  supplies  it,  and  this  by  a  fiall  of  only  6  feet  4  inches.  So  circumstanced, 
the  valve  s  makes  about  50  vibrations,  or  opens  50  times  in  a  minute,  when  it 
loses  about  two  quarts  xif  water,  and  injects  nearly  a  quarter  of  a  pint  into  the 
elevated  cistern  at  each  pulsation ;  the  water  lost  being  to  that  which  is  railed 
neaiiv  as  17  to  1.  This  may  appear  a  small  quantity  of  water,  but  when  it  ii 
recollected  that  the  machine  is  at  work  night  and  day  (unless  purposely  stopped), 
and  furnishes  six  quarts  of  water  every  minute,  this  will  be  round  to  be  a  suppfy 
adequate  to  a  very  large  household  establishment.  The  construction  above 
described  is,  however,  incomplete,  as,  owing  to  the  mutual  incorporation  whidi 
t^es  place  between  air  and  water,  the  successive  quantities  of  water  that  sre 
impelled  into  the  air  vessel  would  soon  absorb  the  whole  of  the  air  contained 
in  It,  and  it  would  cease  to  afibrd  that  elasticity  which  is  indispensable  to  the 
working  of  the  machine.  This  was  discovered  in  France  by  if.  Montgolfier, 
who  added  an  improvement  to  the  machine  by  introducing  a  very  small  shifting 
valve,  opening  inwards  into  the  lower  part  of  the  air  vessel,  but  kept  shut  by  s 
smaU  spring.  This  is  shown  in  the  separate  shaded  figure  above  the  last 
described,  and  represents  an  improved  form  of  the  air  vessel.  This  valve  ii 
self-acting,  and  effectually  prevents  the  escape  of  any  air  or  water  from  the  sir 
vessel ;  but  when  the  water  is  thrown  back  by  the  shutting  of  the  valve  i,  it 
produces  an  instantaneous  vacuum  at  the  end  of  the  pipe  q,  upon  which  the 
shifting  valve  opens,  and  admits  a  sufficient  quantitv  of  the  external  air  into 
the  air  vessel  to  keep  it  constantly  replemshed,  and  by  this  simple  addition  the 
water  ram  is  rendered  continuous  in  ito  action. 

The  cut  on  pan  725  represente  a  machine  for  raising  water,  the  invention  of 
Blr.  Rudolph  Uabanal,  engineer,  of  Melina-place,  Westminster-road.  It  con- 
siste  of  a  series  of  troughs  fixed  one  above  another  in  a  frame-work,  and  so 
inclined  in  contrary  directions  that  each  trough  ii  united  at  one  of  ito  ends  with 
the  trough  next  below  it,  and  at  the  other  end  with  the  trough  next  above  it 
The  lower  part  of  this  firame-work  forms  the  segment  of  a  circle,  and  resti 
upon  a  horizontal  plane ;  so  that  with  a  very  slight  impulse  the  whde 
machine  ii  put  into  a  rocking  motion ;  the  lowest  trough  is  Uiereby  made  to  dip 
at  each  oscillation  into  a  reservoir  of  water,  which  enters  die  trough  through 
valves  at  the  bottom ;  these  opening  only  upwards,  the  water  cannot  return.  Ai 
the  next  oscillation  raises  the  end  that  was  before  depressed,  the  water  runs 
alimg  the  trough  to  the  opposite  side  of  the  machine,  where  it  is  discharged 
into  the  depressed  end  of  the  trough  above  it ;  from  this  second  trough  it  is  at 
the  next  oscillation  thrown  into  the  third  trough ;  then  from  the  third  to  the 
fourth  at  the  following  oscillation  :  in  like  manner  it  ascends  each  trough  suc- 
cessively by  the  alternate  rocking  of  the  machine,  until  the  water  is  raiwd  and 
discharged  at  the  required  height.  As  the  number  of  troughs,  and  the  height 
of  the  machine,  will  depend  upon  the  altitude  to  which  it  is  required  to  raise 
the  water,  and  as  three  troughs  will  show  the  arrangement  and  the  action  of 
the  machine,  as  well  as  a  greater  number,  we  have,  accordingly,  reduced  our 
diagrams  to  the  exhibition  of  only  three ;  these  are  shown  at  a  6  c.  Fig.  h 
attached  to  the  framing  eeeee,  with  ito  curved  segment  d  resting  upon  itr 
horizontal  plane  p.  It  is  necessary  here  to  notice  that  the  firame-work  is 
double,  that  is,  there  are  the  same  parto  on  this  side  the  trough  as  are  shovn 
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die  ^an  ^.  2,  wliare  one  aide  of  the  pantUelogroni  marked  «  (u  in  f^.  IJ, 
correipondi  with  the  opporite  aide  marked/.  Now  it  will  be  evident  tbat  when 
the  loweat  end  markM  J  of  the  trough  a  i«  depretsed,  it  will  dip  into  the  reur- 
voir  g,  and,  by  the  openine  of  the  ralvea^  Teoeire  the  wat«r  aa  ahown ;  die 
"   '  t  mMnine,  by  which  the  end  m  ia  depreaacd,  then  cAuaea 


'=r^     .    .         .sda  .t  — ^-  — ■ 


the  water  to  tun  along  a  into  h,  and,  at  the  next  oaeiUatitni,  ftwa  htoe,  and  lo 
on  into  anj  number  of  tnnigha  in  ncceaaion.  In  the  plan,  F^.  2,  bat  two 
trougha  could  be  (hown ;  theae  are  the  lowest,  all  the  olheti  being  of  the  aame 
^kape :  II  a  the  depreaied  end  of  a,  ahowing  ita  long  flap-Talvea,  and  that  the 
water  nina  from  one  to  the  other  under  the  partition  that  aeems  to  diride  Aem. 
The  end  ea  being  depreaaed,  the  water  flow*  iu  like  manner  into  the  double 
chamber  of  b,  and  &om  fi  it  ia  diacharged  into  e,  which,  being  Ame  b,  cannot 
be  ahown  in  Uiia  plan.  To  the  endi  of  each  trough  an  inclined  plane  or  board  ia 
fixed  to  prevent  the  water  from  nilaahinj;  over  it ;  theae  are  ahown  at  A  A  under 
the  trough*  a  b,  Contrivancei  of  this  kind  are  deaeribed  ui  moat  of  the  old 
wrilen  upon  hydraulici ;  and  in  France,  where  they  are  known  aa  tbe  "  water- 
balance,    aeveral  curiouB  cooatructiona  have  been  invented. 

A  patent  waa  taken  by  Mr.  A.  Bernhard  for  a  novel  mods  of  raiaing  water 
bj  the  joint  action  of  exhauation,  atmospheric  preaanre,  heat,  and  eondenaalion, 
to  a  height  exceeding  G%  feet^  with  the  riew  of  applying  the  fall  Drom  tbat 
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hdglit  n  a  motiTte  power  fiv  impdliiig  marhmwy.  The  water  to  be  xaiMd  ran 
from  it»  lerel  into  a  cistern  eonttgnmit  to  tbe  foundation  of  a  laige  bofler;  and 
from  the  latter  proceeds  downwanls  a  conred  pi]ie  diMiiiig  into  the  dstem.    At 
the  top  of  the  boiler  there  b  another  pipe«  which  leads  shortly  into  a  Toticil 
pipe,  upward  of  eigh^  feet  in  height,  which  the  patentee  tenns  the  koi  waUr 
mtem^mg  ^pe.  To  pieserre  the  tempeimtiire  of  the  (laid  in  this  pipe,  the  lower- 
moft  poruon  of  it,  to  the  extent  of  30  feet,  is  inclosed  in  the  bnck  flue  of  tbe 
furnace  chimney ;  hence  it  it  inclosed  in  an  iron  funnel  pip^  which  forms  tbe 
remainder  of  the  flue  to  the  top  of  the  building,  which  is  a  pyramidal  tower 
100  feet  high.    Near  the  top  of  the  tower  is  a  refrigeratory,  formed  by  a  judi- 
cious arrangement  of  two  tiers  of  pipes  placed  honzontally  in  a  woooaem  case; 
into  these  pipes  the  hot  water  in  the  ascending  pipe  (which  here  terminates  by 
branching  off  from  the  flue)  is  discharged.    'Diroughont  the  refrigeratory  box, 
and  surrounding  the  pipes,  a  current  of  cold  air  is  continually  passing ;  this  is 
brought  from  the  lowest  part  of  the  building  through  a  large  tobe,  and  is  dis- 
charged through  another  proceeding  from  the  top  of  the  refrigeratory,  and 
extending  to  25  feet  above  the  altitude  of  the  tower,  to  cause  a  strong  draugbt 
The  effect  of  this  current  of  air  is  to  cool  the  hot  water  distributed  in  its  pipes, 
from  the  lower  tier  of  which  it  runs  out  and  descends  a  vertical  pipe  36  fret  in 
length,  whose  lower  extremi^  is  turned  up  and  immerwd  in  a  dstem  of  water 
to  seal  it  from  the  air ;  this  pipe  the  patentee  calls  the  cM  waier  deacenAtg 
pipe ;  the  upper  end  of  it  communicates  with  the  exhausting  pipe  of  an  air 
pump,  which  is  used  in  the  first  place  to  obtain  a  partial  vacuum  in  the  pipes 
described,  and  afterwards  to  abstract  the  air  disengaged-  from  the  hot  water, 
during  the  yrcyess  of  the  operation.    The  reader  will  now  perceive,  that  when 
the  exhaustmg  process  is  nearly  completed  by  the  working  A  the  air-pump,  tbe 
tnressure  of  the  atmosphere  will  force  the  water  out  of  the  cistern  on  the  lowest 
level  up  the  curved  pipes  mentioned,  into  the  bofler,  and  filling  the  same,  tbe 
water  will  rise  up  the  vertical  {hoi  water  ateendmg)  pipe,  prooMding  from  tbe 
top  of  the  boiler  to  the  height  of  about  30  feet.    This  being  efiected,  tbe 
patentee  says  that  if  heat  be  now  applied  to  the  bofler,  the  water  will  thereby 
be  made  to  rise  50  feet  higher  into  toe  refrigeratory.    Here,  being  distributed 
in  the  small  pipes,  it  is  cooled,  and  descends  to  the  cold  water  pipe,  wherein  tbe 
pressure  of  the  column  of  water  being  greater  than  that  of  the  atmosphere,  tbe 
water  wiU  run  out  over  the  cistern,  and  wiU  continue  to  do  so  untfl  the  eoui- 
librinm  is  restored,  which  it  is  the  object  of  the  patentee  to  prevent,  and  tiius 
obtain  a  constant  power  by  the  faU  of  the  water  from  the  cistern.    Having  so 
frur  explained  the  object  of  the  patentee,  and  the  principle  upon  which  be 
intends  to  operate,  we  shall  now  aescribe  the  apparatus  more  particularly  witb 
reference  to  the  engraving  on  the  next  pase,  which  is  merely  a  diagram  of  tbe 
apparatus,  as  complete  drawings  of  it  wc«ld  require  several  figures,  a  a  represent 
the  walls  of  the  bmldin^;  bed  9  four  floors  in  the  same ;  /  the  refrigeratory, 
which  commimieates  widi  the  hot  water  ascending^pipe  g;  A  A  is  the  air-table, 
which  receives  its  supply  at  %  and  after  bbwing  through  the  refrigeratoiy, 
escapes  by  the  tube  j,  which  extends  25  feet  above  the  tower  (but  is  shown,  for 
want  of  room,  as  broken  off) ;  the  water  in  the  refrigeratory  is  prevented  from 
returning  by  the  intervention  of  a  valve,  and  after  being  corned  in  passmg 
through  the  series  of  pipes,  runs  down  the  pipe  h;  at  /  is  the  aix^pump  with  tbe 
pipe  n,  which  connects  it  with  the  top  of  tine  pipe  k^  through  tne  medium  of 
which  the  other  pipes  are  exhausted ;  ^  is  the  reservoir  which  receives  the  water 
upon  the  natural  level  by  a  channel  as  at  r;  the  operation  of  the  air-pdnip 
causes  the^ater  to  rise  up  the  pipe  $  into  the  boiler  <,  ^ence  up  the  pipe  g  as 
high  as  the  dotted  line  ii,  after  which,  heat  being  applied  to  the  boiler  by  the 
furnace  v,  the  hot  water  rises  to  ihe  refrigeratory.    About  midway  of  the  pipe 
g  there  is  a  stuffing-box  at  one  of  the  junctures  to  allow  of  the  expansion  and 
contraction  of  the  metal  by  chances  of  temperature,    '^e  pipe  g  is  shown  as 
extending  vertically  through  the  brick  chiinney  up  to  f»,  thence  through  tbe 
flue  X  to  the  box  y;  hence  it  proceeds  .to  the  refrigeratory,  and  the  flue-pipe 
takes  a  bend  as  at  r,  and  proceeds  to  the  top  of  tbe  building.    To  prove  toe 
truth  of  the  principle,  the  patentee  erected  an  iqiparatua  on  a  considerable  scale 
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in  IhB  Kent  Head,  mar  Pecklunn,  but  tbe  mnk  wu  ■  complete  fkihin;  and 
STea  bad  it  been  practicable,  we  doubt  tnuvh  wfae^er  it  would  have  been  an 


Bconomlcsl  mode  of  raising  irater  to  that  heigb^  when  we  contider  (he  (Uel  that 
inntt  be  expended  to  raue  the  temperature  of  the  water,  and  the  power  reqidred 
lo  work  tbe  air-punip. 

HYDRAULlCUN,  ok  Water  Oaoan.  A  mndcal  inttrument  acted  upon 
bj  water ;  the  inTention  of  which  ii  Mid  to  be  of  lughei  antiqui^  than  that  of 
ine  wind  organ. 
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HYDRIODATES.  Stlli  eoniiiitiiig  of  hydriodie  add,  comUned  in  ddbnte 
proportiong  with  ozidei. 

HYDROCHLORIC  ACID.    A  eompoimd  of  chlorine  and  hydroraL 

HYDROCYANIC  ACID.    PniMc  add ;  which  see. 

HYDRODYNAMICS  treate  of  the  mechanical  properties  of  flnida  in  genenL 
It  is  usually  diTided  into  hjrdrostatics,  which  explains  the  nressnie  end  equi- 
librium of  uquids,  such  as  oil,  water,  ftc ; — Hydraulics,  which  points  ont  the 
laws  and  effects  resulting  from  the  motions  of  liquids ; — and  Pkieumatici,  or  the 
doctrine  of  elastic  fluids  or  gases,  as  steam,  air,  &c 

HYDROGEN  GAS.    See  Chbmistrt. 

HYDROMETER.  An  instrument  for  ascertaming  Uie  spedfie  graritiet  of 
different  liquids.  The  most  common  description  of  these  instruments  coaatts 
of  a  hollow  ball,  of  dther  metal  or  glass,  capable  of  floating  in  any  known 
liquid,  and  having  two  stems,  the  lower  one  terminating  in  a  weight,  in  order 
that  the  instrument  may  float  with  the  stems  upright,  and  the  upper  stem 
(which  is  of  the  same  diameter  throughout),  being  graduated,  to  show  the  den- 
sity of  the  fluid  by  the  depth  to  whi^  it  sinks ;  as  the  heavier  fluids  will  booj 
up  the  instrument  more  tnan  such  as  are  lighter.  In  this  way,  however,  it  is 
clear  that  the  stem  must  be  of  considerable  thickness,  in  order  that  the  instm- 
ment  may  have  an  extensive  range,  in  which  case  the  smaller  differences  of  den- 
sity will  not  be  peroeptible.  To  obviate  thb  imperfection  various  contrivanocs 
have  been  resorted  to ;  one  of  the  most  common  of  which  is,  to  oonstract  tbe 
instrament  as  above  described,  but  with  a  very  slender  stem,  which  is  divided 
into  100  equal  parta ;  and  to  provide  a  number  of  movable  rings,  all  of  equl 
weight,  any  one  of  which  bemg  slipped  over  the  stem,  when  the  instrament 
floats  in  distilled  water  with  zero  on  the  stem  at  the  surface  of  the  water,  wiU 
cause  it  to  descend  until  the  top  of  the  scale  be  at  the  surface ;  and  the  density 
is  estimated  by  the  number  of  weights  required  to  bring  the  lower  part  of  the 
scale  below  the  surface,  minus  the  number  of  divisions  ofthe  scale  which  remsin 
above  the  surface.  But  the  method  of  Fahrenheit  is  both  simpler  and  more 
accurate.  The  hydrometer  of  Fahrenheit  consists  of  a  hollow  ball  with  s 
counterpoise  below,  and  a  very  slender  stem  above,  terminating  in  a  small  dish. 
The  middle  or  half  length  (the  stem,)  is  distinguished  by  a  fine  line  across,  and 
the  instrument  is  always  immersed  up  to  this  line  by  placing  weights  in  the 
little  dish  above.  Then  as  the  part  immersed  is  constantly  of  the  same  msgni- 
tude,  and  the  whole  weiffht  of  tne  hydrometer  is  known,  thb  last  weight  added 
to  the  weights  in  the  disn  will  be  eoual  to  the  weight  of  fluid  displaced;  and  if 
the  gravity  of  water  be  ropresented  by  1000,  and  the  weight  be  divided  mto 
thousandth  parts  of  the  weight  of  the  instrument  when  it  sinks  to  the  middle 
of  the  stem  in  distilled  water,  the  number  of  weights  required  to  sink  the 
instrument  to  the  mark  on  the  stem  when  floating  in  any  fluid,  added  to  the 
weieht  of  ihe  instrument,  or  1000,  will  represent  the  specific  grari^  of  the 
fluid. 

The  enmving  on  the  following  pace  represents  an  instrument  for  ascertain* 
ing  specinc  gravities,  invented  by  Dr.  Haro,  Professor  of  Chemistry  in  the 
University  of  Pennsylvania.  This  instrument  to  which  the  inventor  has  given 
the  name  of  Litrameter,  owes  its  efficiency  to  the  prindple,  that  when  columa* 
of  different  liquids  aro  elevated  by  the  same  prossuro,  their  heights  must  he 
inversely  as  their  gravities.  Two  glass  tubes,  of  the  sise  and  bon  ususlly 
employed  in  barometers,  aro  made  to  communicate  internally  with  each  other, 
and  with  a  gum  elastic  bag  G,  by  means  of  a  brass  tube,  and  two  sockets  of 
the  same  metal,  into  which  they  aro  severally  inserted.  The  brass  tube  termi- 
nates in  a  cock,  in  which  the  neck  of  the  bag  is  tied.  Between  the  cock  end 
the  glass  tubes  thero  ia  a  tube  at  right  angles  to  an  opening  into  that  which 
connects  them.  At  the  lower  end  of  this  tub^  a  smaU  copper  rod  R  enters 
through  a  collar  of  leather.  The  tubes  are  placed  vertically  in  grooves,  againit 
an  upright  strip  of  wood,  tenonned  into  a  pedestal  of  the  same  materisL 
Paralld  to  one  of  the  grooves,  in  which  the  tubes  aro  situated,  a  strip  of  brsM 
is  fastened,  and  mduated,  so  that  each  degree  may  be  equal  to  ^  tdfint 
whole  height  of  tne  tubes.    The  brass  plate  is  long  enough  to  admit  of  aboat 
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IW.     CloH  to  thii  Ksli  ■  Tctniei  p  !■  aada  to  tlida,  m  thU  the  dwUoni  U 

the  tcala  are  ausceptible  of  lub-diTiiiou  hito  tentht,  and  the  whole  height  of  the 

tubei  into  about  2200  puti  or  degreee. 

On  the  left  ride  of  the  tube  (here  U 

another  strip  of  bran,  with  another 

■et  of  numbera,    bo   situated  as  to 

compriie  two  de^eea  of  the  icale 

above  meDti<med,  u  one.    Agreeablj 

to   this  enumeration   the   height  of 

the  tubes  is,  by  the  aid  of  a  eorre- 


•pcmdent  graduation  o 
divided  into  1100  par 
A  email  strip  of  sheet-tin  k  i 


1  the  wood,  supporting 
the  tubes,  in  order  to  indicate  the 
commencement  of  the  scale ;  and 
Aie  depth  to  which  the  orifice*  of  the 
tubes  mult  extend.  At  diitaneei 
from  this  of  1000  parts  and  2000 
parts,  (commensuratfi  with  thoee  of 
the  scale,)  there  are  two  other  indices, 
TT,  to  the  right  hand  tube.  Let  a 
■mall  veMel  coDtaining  water  be  made 
to  receive  the  lower  end  of  the  tube,  bj 
thesideofwhich  the  scale  issitaatcd; 
and  a  similar  vsskI  of  any  other 
fluid,  whoee  gravitv  i«  Bought,  be 
made  to  receive  the  lower  end  c^  the 
other  tube ;  so  that  the  end  of  the 
one  tube  niaj  be  covered  bjr  the 
liquid  in  question,  and  the  end  of 
the  other  tube  by  the  water.  The 
bag  being  compressed,  a  great  nart 
ctf  the  contained  air  is  eipdled 
through  the  tubes,  and  rises  tluougb 
the  hquid  in  the  tumblers.  When 
the  bag  is  Bflowed  to  resume  it*  ehape, 
the  consequent  rarefaction  allowi 
the'iiquids  to  rise  into  the  tubes, 
in  obedience  to  the  greater  pressure 
of  the  atmosphere  without.  If  the 
liquid  to  be  assayed  be  heavier  than 
water  (as,  for  instance,  let  it  be  coit- 
eentrated  sulphuric  add,)  it  sheuld 
be  raised  a  little .  above  the  fint 
index,  at  (he  dietanca  of  1000  decrees 
tram  the  common  level  of  die  onfieet 
of  the  lubes.  The  vessels  holding 
the  liquids  being  then  removed,  so 
tbattiieresult  maybe  uninfluenced  by 
any  bequality  in  the  hebht  of  the 
liquids,  the  cotumn  of  add  must  be 
towered,  unlil  ila  upper  (orfaee  co- 
innde  exactly  with  the  index  lOOO.  Oppoeite  the  upper  surface  of  the 
column  of  water  the  two  first  numben  of  specific  gravity  of  the  acid  will 
then  be  found ;  and,  by  duly  adjusting  and  inspecting  the  vernier,  the  third 
figure  will  be  ascertained.  The  liquid*  should  be  at  the  temperatura  of 
60°.  If  tiie  liquid  under  examination  be  lighter  than  water,  as  in  the  caie  of 
pnre  alcohol,  it  must  be  raised  to  the  upper  index.  The  ecinnin  of  water, 
measured  by  the  scale  of  1000,  will  than  be  found  at  800  nearly ;  which  ihowa 
thatlOOOpartsof  alcohol  are,  in  weight,  equivalent  to  800  part*  trf'watn:;  or,  in 
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other  voffdi,  BOO  it  McertiiMd  to  be  the  iMdfie  nmirily  of  the  akaohoL 
iHding  fod  and  Inbe  at  r,  beiveen  the  cock  end  dbe  sliei  tubeib  fcciKfatee  the 
edjustmcnt  to  the  index  of  the  oofaunn  of  Kqfmd  in  tne  right  hand  glaaa  tnbe. 
'When  the  rod  if  pnihed  in  ae  fiur  ae  poMble,  it  caoMi  a  mall  leak,  br  which 
tileairenten;  and  thecolnnMiaof  thelimride,MefiOMjJyiaieedtooh%nbyfte 
baff,  may  be  dlowcd  to  fiJl^  till  the  liipiid  whioi  ii  to  be  awyid  ia  near  die 
index;  then,  by  poahinff  the  rod  in,  they  may  be  gradnaUy  lowered,  and 
adjufted  to  the  proper  height,  with  gnat  accuracy.  A  rod  of  diia  kind, 
graduated,  might  answer  the  porpoee  or  a  Temier. 
Meiklet'  Syphon  Hydrometer,  repreeented  in  the  annexed  cugiafiug,  it  wiB 

be  seen,  is  upon  this  same  principle,  bat  of  a  nnich  limpkr    

oonstmction.  Tlus  instnunent  consists  of  a  gbua  tube,  o^en  Y^ 
at  both  ends,  and  bent  into  a  kind  of  doaUe  syphon,  ha^mg  L| 
firar  parallel  1^ ;  ao  that  the  open  ends  are  pointed  in  the 
same  direction,  or  Qpwards,  aa  in  the  annexed  engraving.  The 
manner  of  Qsing  it  is  TCiy  simple:  let  one  of  te  ends  be  stopped 
with  a  finger  or  eod[,  and  water  be  poured  into  die  other.  The 
fluid  will  only  rise  a  small  way  into  the  second  kg,  because  of 
die  included  air:  next,  stop  the  other  orifice,  and  open  the 
one  &rBt  closed ;  and  hannff  poured  into  the  latter  the  liqpiid 
whose  spedfie  ^vity  is  to  be  tried,  open  the  top  of  te  water 
tube;  tnen  the  instrument  b«ng  held  nprifbt,  the  two  liquids 
will  arrange  themselves  so  as  to  press  eoually  on  the  induded 
air.    This  pressure  will  be  measured  oy  the  diflbrenoe  in 


the  heights  of  the  two  columns  of  either  liouida^  multq>lied 

by  its  specific  gravity,  so  that  by  dividing  the  difierence  of 

the  two  columns  of  water  by  the  difference  of  thoee  of  the 

other  liquid,  we  obtain  the  specific  gravity  of  the  latter ;  diat 

of  water  bring  unity.    The  diflference  between  the  columns 

may  be  measiued  by  applying  any  scale  of  small  equal  ^urts, 

or  Uie  glass  may  be  attached  to  a  graduated  plate  furnished 

with  verniers,  sc.    The  longer  the  columns  of  liquid  employed,  the  more 

accurate  the  process.    The  expanrion  of  the  glasa  or  its  capillary  action  cannot 

affect  the  result,  nor  is  it  influenced  by  the  cj^ansion  of  the  scale ;  the  onty 

correction  required  will  be  to  reduce  the  observations  to  one  temperature. 

HYDROPHANE.  A  variety  of  opal,  which  has  the  properly  of  becoming 
transparent  on  immerrion  in  water.  It  is  also  called  ocailitt  irnaMfi.  We  moat  be 
carefm  to  immerse  them  only  in  pure  water,  and  to  withdraw  them  whenever 
they  have  acquired  their  fuu  transparency.  If  we  neglect  these  precantiotts, 
the  pores  wiU  soon  become  filled  with  earthy  particles,  deposited  from  the  water, 
and  the  hydrophane  will  cease  to  exhibit  tins  carious  prc^perfy,  and  will  remain 
always  more  or  less  opaque. 

HYDROSTATICS  explains  the  pressure  and  equilibrium  of  liquids,  or  of 
what  have  been  generaUy  termed  inelastic  fluids.  A  fluid  is  a  body  wlmse 
parts  are  put  into  motion  among  one  another  by  the  slightest  force,  and  whidi 
return  to  their  former  state  as  soon  as  the  impmsed  force  is  removed.  Fluids 
have  been  divided  into  elastic  and  inelastic;  but  recent  experiments  liave 
proved  that  there  is  no  fluid  that  may  not  he  compressed  by  a  sufficient  force, 
and  that  will  not  return  to  its  former  state  when  the  compressbg  force  is  with- 
drawn. The  terms  may,  however,  without  much  inconvenience,  be  retained, 
as  the  difierence  in  compressibility  is  so  great,  that  a  sufficient  distinction 
obtains.  Thus  the  same  power  that  would  nduce  air  to  one  half  of  ito  former 
dimenrions  would  effect  a  compression  not  exceeding  one  twenty-thousandth  of 
its  bulk  in  water.  Hydrostotics,  then,  is  concerned  with  those  fluids,  the  ocm- 
pressibility  of  which  may,  for  moat  practical  purnoees,  be  considered  as  inap- 
preciable. The  laws  of  this  science  are  generally  nroved  by  experiments  on 
water,  as  a  fluid  that  is  most  plentiful,  and  most  easuy  adapted  to  the  purpose. 
The  principal  and  most  important  proj^itions  with  respect  to  pressure  are^ — 
1.  That  fluids  press  equally  m  dl  directions.    2.  That  in  fluids  of  equal  ~ 


the  pressure  is  proportional  to  the  perpendicular  dirtance  from  the  snr&oe. 
That  fluids  press  equally  in  all  directions  u  seen  in  a  variety  of  cases,  and  may 
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therefore  be  easily  made  evident  If  a  cylindrical  tin  yessel  haye  two  holei  of 
equal  size,  one  in  the  bottom  and  the  other  in  the  side  as  near  the  bottom  aa 
may  be,  it  will  be  fomid  that  each  of  these  holes  will  permit  the  contents  of 
the  yessel  to  run  out  in  equal  times.  Now  as  the  velocity  of  the  running  water 
is  dependent  upon  the  pressure,  it  is  manifest  that  the  pressure  upon  the  side, 
or  lateral  pressure,  is  equal  to  that  on  the  bottom,  or  downward  pressure.  That 
the  upward  pressure  is  also  equal  is  inferred  from  the  fact,  that  water  poured 
into  one  of  the  legs  of  a  bent  tube  will  rise  to  an  equal  height  in  the  other  leg. 
This  upward  pressure  is  a  feature  that  distinguishes  fluids  from  solids,  and  is 
due  to  the  extreme  mobility  of  its  particles,  omn^  to  tiie  repulsive  energy 
which  is  exerted  when  the  least  compressing  force  is  arolied.  We  have  next 
to  show  that  the  pressure  upon  any  |>artide  in  a  flma  is  proportional  to  its 
perpendicular  depth.    In  the  annexed  diagram,  if  x  be 

a  particle  of  water,  the  nressure  exercised  upon  it  will  ^ 5.,....^, 

be  proportional  to  ihe  aepth  Bx;   for  if  a  nole  were 

made  at  x,  the  fluid  (making  allowance  for  the  resist^ 

ance  of  the  air)  woula  spout  up  to  A  e.  In  like  manner 

the  pressure  at  C  is  equal  to  the  perpendicular  depth 

B  C ;  and  aa  every  particle  on  the  bottom  is  at  an  equal 

depth,  the  whole  pressure  will  be  equal  to  that  mro- 

duced  by  a  column  filling  the  whole  space  BCUe. 

From  this  it  appears  that  the  pressure  on  the  bottom 

of  a  vessel  is  equal  to  the  area  of  the  base  multiplied  by 

its  perpendicular  height     In  vessels  having  equal  bases  the  pressure  will  be 

proportional  to  the  height,  and  in  vessels  of  equal  depths  the  pressure  will  be 

as  tiie  area  of  their  bases,  and  this  without  any  regard  to  the  quantity  of  fluid 

employed.     This  has  given  rise  to  the  hydrostatic  paradox—"  that  any  given 

quantity  of  water,  however  small,  may  be  made  to  balance  any  other  quantity, 

however  large."    Also  the  hydrostatic  bellows  depend  on  the  same  principle. 

In  the  cut,  A  and  B  are  two  circular  boards  connected  by  leather  after  the 

manner  of  a  pair  of  bellows,  so  as  to  be  wate]>-tight    A  tubie,  C  D,  is  made  to 

communicate  with  the  interior.    If  a  small  quantity 

of  water  be  now  poured  in  so  as  to  separate  the 

boards,  and  a  number  of  heav^  weights  be  placed  upon 

the  upper  board,  the  water  in  the  tube  C  D  will  be  J 

seen  to  rise  till  it  balance  the  weights  placed  upon  A.  ~ 

If  the  quantity  of  water  in  the  tube,  above  the  level 

A^,  be  noticed,  it  will  be  found  to  be  so  much  less 

than  the  weights  upon  A,  as  the  area  of  the  bore  of 

the  tube  falls  short  of  the  area  of  the  board  A.    To 

make  the  subject  more  evident,  let  us  suppose  the 

sectional  area  of  the  tube  C  D  to  be  half  a  square 

inch,  and  that  of  the  lower  board  of  the  bellows  to  be 

on»s  square  foot,  or  288  times  greater  ;  it  will  then 

be  found  that  one  nound  of  water  in  the  tube  C  D 

will  support  a  weignt  of  288  pounds  on  the  board 

Ag*     In  a  similar  wav,  a  long  narrow  tube  may  be 

inserted  perpendicularly  into  a  cask  or  other  vessel ; 

after  the  yessel  has  been  filled,  a  few  ounces  of  water 

ponred  into  the  tube  will  burst  it     If  a  fissure  in  a  rock  should  communicate 

with  an  internal  cavity  of  considerable  magnitude,  situated  at  some  depth 

below  the  top  of  the  fissure,  and  filled  with. water,  the  pressure  may  be  so 

enormous  as  to  burst  the  rock.    The  same  effect  may  be  produced  by  rain 

falling  intO)  and  filling  a  bng  slender  chink  that  may  have  been  left  in  the 

walls  of  a  building ;  whether  the  chink  is  of  equal  diameter  throughout,  or 

vary  in  its  size,  and  whether  it  be  straight  or  crooked,  provided  it  be  water- 

2'  ^ht,  so  as  to  get  full  of  rain,  tlie  effect  will  be  the  same,  the  pressure  being 
ways  proportionate  to  the  perpendicular  height  This  principle  nas  been  inge- 
niouuy  applied  by  the  late  Mr.  Bramah,  in  what  is  termea  the  Hydrostatic 
PlTMB,  a  machine  by  which  aa  almost  incredible  force  may  be  obtuned  in  a 
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T«7  nnaU  eompMi.  (See  Bramak*»  Prtu).  From  the  eaud  praniK  in  aU 
d&ectioiiiariMt  the  tendency  in  fluidi  to  find  their  own  lerti,  lo  thet  the  anfaee 
oiertTj  fluid  at  rest  it  horiiontal ;  and  for  a  similar  reason,  if  two  flnidi  he  in 
the  same  Tenel,  and  do'not  mix,  their  common  snrfiice  wfll  he  parallel  to  the 
horixon.  From  what  has  heen  stated  on  the  nature  of  fluid  nreasnre,  it  will  be 
easy  to  calfitilate  the  piessare  on  any  horizontal  surfiioe.  Thus,  if  a  cubical 
vessel  he  filled  with  water,  the  pressure  on  the  hase  will  he  equal  to  the  weight 
of  the  fluid.  The  same  pressure  will  obtain  if  the  vessel  be  of  a  conical  fonn, 
provided  the  area  of  the  hase  and  the  height  be  the  same.  Tlie  luesame  upon 
a  perpendicular  surface  will  of  coarse  vary  with  the  depth.  If  a  board  one 
foot  square  be  placed  perpendicularly  in  a  vessel  of  water,  and  be  divided  into 
horizontal  sections,  each  one  inch  deep,  then  calling  the  pressure  at  the  depth 
of  one  inch  1,  the  pressure  at  two  inches  will  be  3,  at  three  inches  3,  and  so  on ; 
hence  the  whole  pressure  will  be  equal  to  the  sum  of  the  series  0, 1, 2, 3, 4, 5, 6, 
7,  8,  9,  10,  11, 12 :  this  will  amount  to  half  the  pressure  which  woidd  have 
occurred  if  the  hoard  had  heen  situated  horizontallv  12  inches  below  the 
surface.  Now,  as  the  centre  of  gravity  of  this  surface  is  situated  in  the 
middle  of  the  hoard,  it  follows  that  the  area  of  the  hoard,  multiplied  hj 
the  distance  of  its  centre  of  gravity  heneaih  the  surface,  wfll  be  equal  to 
the  pressure.  From  a  more  extended  investigation  it  is  found  that  this  nile 
b  general,  that  the  pressure  of  a  fluid  against  any  surface,  in  a  direction  per- 
pendicular to  it,  vanes  as  the  area  of  uie  surface  multiplied  into  the  depth 
of  its  centre  of  gravity.  From  this  we  see  that  the  pressure  against  the  four 
sides  and  bottom  of  a  cubical  vessel  is  equal  to  three  times  the  weight  of 
the  contained  fluid.  From  this  also  may  be  calculated  the  pressure  on  dock 
gates,  on  the  lower  parts  of  ships,  and  large  cisterns,  coolers,  &c  In  sD 
cases  of  pressure  the  amount,  as  determined  above,  must  be  multiplied  by  the 
specific  gravity  of  the  fluid  employed,  as  it  will  be  evident,  that  if  two  vesBeli 
of  equal  sizes  and  similar  shapes  he  filled,  one  with  water,  and  the  other  with 
mercury,  that  the  pressiure  on  the  base  dT  the  latter  will  he  so  much  greater 
than  tliat  on  the  former,  as  the  weight  of  the  mercury  exceeds  that  of  the  water. 
The  eoual  pressure  in  all  directions  causes  the  suiiaoe  of  all  large  bodies  of 
water  to  oe  horizontal,  and  also  the  surfiMes  of  any  two  bodies  of  water  com- 
municating by  a  tube  or  otherwise ;  hence  the  construction  of  water  levels.  In 
the  annexed  cut  A  B  is  a  tube  turned  up  at  each  end, 
and  filled  with  mercurv  or  water.  Upon  the  surface 
of  the  fluid  at  e  and  a  are  small  floats,  carrying  an 
npright  sight,  with  a  horizontal  wire  or  hair  across  it 
W  hen  the  instrument  is  held  in  the  hand,  on  looking 
through  e  its  cross  wire  will  cover  tiiat  of  d,  because 
the  fluid  stands  equally  high  in  both  len.  If  it  be 
required  to  know  whether  any  distant  wned  he  horizontal,  it  is  only  neeessaiy 
to  point  the  instrument  toward  it ;  and  if  tiie  two  cross  wires  and  the  object 
coincide,  the  object  is  in  the  same  horizontal  line.  The  common  ^lirit  level 
consists  of  a  small  tube  filled  with  wpinU  of  wine,  except  a  small  space,  whidi 
contains  a  bubble  of  aur.  The  tube  is  hermetically  sealed ;  and  when  placed 
on  a  horizontal  surface,  the  bubble  will  be  seen  in  the  middle  of  the  tube. 
A  little  reflection  on  the  nature  of  hydrostatic  pressure  will  show  its  apfJi- 
cahilit^  to  the  purpose  of  ascertaining  the  comparative  weights  of  bodiea^  or, 
what  IS  commonly  termed  their  specific  gravities.  If  a  body  of  any  sha^e, 
either  as  heavy  as  water,  or  heavier  than  it,  be  plunsed  into  a  vessel  fiHed  with 
that  liquid,  it  will  of  course  dbplace  a  quantity  of  fluid  equal  to  its  own  hulk, 
and  if  the  auantity  be  measured,  we  have  a  ready  measurement  of  the  ma^ 
nitude  of  tne  solid  body  that  was  immersed ;  for  as  the  water  displaced  n 
equal  in  bulk  to  the  size  of  the  irre^:ular  solid,  a  measurement  of  the  one  will 
serve  to  ascertain  the  other.  Asam,  if  the  quantity  displaced  be  weighedl, 
and  the  immersed  solid  weighed  also,  we  shall  have  the  relative  weights  ol  the 
two  substances,  or  their  specific  gravities.  If  the  whole  of  the  water  diaplsff^ 
could  be  accurately  collected  and  weighed,  this  method  would  fumbh  a  resdy 
mode  of  ascertaining  the  relative  weights  of  any  two  bodies.    Ihusb  if  two 
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bodies  of  equal  weight,  aueeessiTelv  plunged  into  water,  were  to  displace  one 
and  two  ounces  of  water  respectively,  the  relative  weights  of  the  bodies  would 
be  as  2  to  1.    As,  however,  considerable  difficulty  would  arise  in  the  use  of 
this  method,  the  following  process  is  used  with  bodies  heavier  than  water. 
Weigh  the  body  in  air,  and  also  in  water,  observe  how  much  of  its  weight  it 
loses  by  immersion  in  the  water,  and  then  divide  the  weight  of  the  body  in 
air  by  the  loss  in  water.      Suppose  a  piece  of  ^Id  to  weigh  58  erains,  by 
weighing  it  immersed  in  water  it  would  lose  3  grains  of  its  weieht ;  divide  the 
58  grains  by  3,  and  it  will  give  19}  as  the  specific  gravity  of  gold;  that  is, 
the  gold  would  be  19}  times lieavier  than  an  equal  bulk  of  water.  The  weights 
of  solid  and  liquid  bodies  are  usually  comparea  with  that  of  water,  one  cubic 
foot  of  which  contains  just  1000  ounces  avourdupoise.  Hence,  by  referring  to  tables 
of  specific  gravities,  we  obtain  the  real  as  welt  as  the  relative  weights  of  bodies. 
Thus,  in  the  example  we  have  fi;iven,  a  cubic  foot  of- gold  would  weigh  1000  X  19} 
=  19,333  ounces.     If  the  solid  consist  of  a  substance  that  is  soluble  in  water,  it 
must  be  covered  with  a  coating  of  wax  or  varnish,  and  an  allowance  made  for 
the  difierence  produced  by  the  coating.  When  the  solid  consists  of  several  small 
pieces,  a  cup  must  be  previously  immersed  in  the  water,  and  accurately  coun- 
terpoised ;  the  fragments  may  then  be  placed  in  it,  and  the  loss  of  weight  ascer- 
tained.    If  the  body  whose  specific  gravity  is  required  be  lighter  than  water, 
another  heavier  bodv  must  be  attached  to  it,  and  the  loss  of  weight  in  the  compound 
being  noticed,  the  loss  in  the  heavier  body  must  be  subtracted  from  it,  and  it 
will  give  the  loss  of  weight  in  the  body  under  investigation.      The  specific 
gravity  of  liquids  is  found  by  filling  a  small  bottle   (which  holds  a  definite 
quantity,  say  1000  grains  of  water,)  with  the  liquid  under  examination,  and 
then  weighing  the  quantity  contained,  the  proportion  which  this  bears  to  1000 
is  the  specific  gravity  of  Uie  liquid.    Thus,  if  the  bottle  be  successively  filled 
with  water,  real  alcohol,  and  nitric  ether,  the  weight  of  the  equal  measures 
would  be  1000,  797,  and  908,  which  represent  the  specific  gravities  of  these 
fluids.     This  experiment  shows  clearly  ttie  nature  of  specific  gravity,  which  it 
will  be  seen  is  simply  obtaining  the  real  weights  of  equal  measures  of  different 
substances.    If  we  could  obtain  a  cylinder  or  cube  of  copper,  and  another  of 
gold,  of  exactly  the  same  dimensions,  and  compare  their  true  weights  with  the 
weight  of  a  portion  of  water  of  the  same  magnitude,  we  should  at  once  obtain 
their  relative  or  specific  gravities  ;  but  as  it  is  inconvenient  to  alter  the  shapes 
of  bodies,  and,  in  many  cases,  would  be  next  to  impossible  to  obtain  them  of 
precisely  the  same  dimensions,  the  usual  mode  of  weighing  in  water,  by  which 
we  obtain  the  weight  of  a  quantity  of  water  of  equal  bulk  with  the  solid,  is 
infinitely  preferable.    For  further  mformation  on  the  subject  of  this  article  see 
BaAMAu's  Phbss,  HrDHOMETEa,  Specific  Gravity,  &c. 

HYDROSULPMURETS.    Compounds  of  sulphuretted  hydrogen  with  the 
salifiable  bases. 

HYDRURETS,  jcompounds  of  hydrogen  with  metals. 
HYGROMETER.  An  instrument  mr  ascertaining  the  degrees  of  dryness 
or  moisture  of  the  atmosphere ;  therefore  whatever  substance  expands  by  mois- 
ture or  contracts  by  dryness,  may  be  employed  for  the  purpose,  in  connexion 
with  a  suitable  index  and  scale,  showing  the  changes  it  undergoes.  The 
hygrometer  invented  by  Saussure  consisted  of  a  hair,  divested  of  its  oil  by 
boiling  it  in  water  containing  one  per  cent,  of  sulphate  of  soda.  One  of  the 
ends  of  the  hair  was  attached  to  a  fixed  point,  and  the  other  to  the  circum- 
ference of  a  movable  cylinder,  that  carries  a  light  index ;  the  hair  being  kept 
straight  by  a  counterweight  of  three  grains,  suspended  by  a  fine  silk  thread  to 
the  cvlinder,  and  wound  thereon  the  contrary  way  of  the  hair.  As  the  ban: 
lengthens  or  shortens  by  changes  hi  the  humidity  of  the  air,  the  cylinder 
is  put  in  motion,  and  the  index  fixed  thereto  points  out  on  a  graduated  circle 
the  degree.  Tliis  pretty  little  contrivance  of  Saussure's  was  regarded  as  a 
faithful  indicator  of  the  true  condition  of  the  atmosphere  until  M.  de  Luc 
proved  that  hair  was  incapable  of  becoming  a  correct  measurer  of  humidity, 
and  that  this  was  owing  to  its  organic  reticular  structure.  The  last  men- 
tioned philosopher  made  an  hygrometer,  in  which  ivory  was  employed  as  the 
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medium  of  exhibiting  the  change  of  humidity.  As  ivory  eznanda  by  moisture 
and  contracts  by  dryness,  he  formed  a  very  thin  hollow  cylinder  of  this  sub- 
stance, open  only  at  the  upper  end,  into  which  he  fitted  the  open  end  of  a 
very  fine  long  glass  tube,  like  that  of  a  thermometer.  Into  these  he  introduced 
a  quantity  of  quicksilver,  filling  the  ivory  cylinder,  and  a  part  of  the  glass  tube. 
The  consequence  is  this ;  when  moisture  swells  the  ivory  cylinder,  its  capacity 
increases,  and  the  mercury  sinks  in  the  glass  tube';  and  vice  vertd,  when  the  air 
is  drier,  the  ivo^  contracts,  and  forces  the  mercury  higher  up  the  glass  tube.  As 
this  instrument  is  susceptible  of  bein^  influenced  by  heat  ana  cold,  like  the  ther- 
mometer, as  well  as  by  that  of  humidity,  its  indications  are  not  to  be  depended 
upon.  Hygrometers  are  constructed,  in  a  great  variety  of  ways,  by  means  of 
sponge,  and  a  rod  suspended  like  a  scale-beam.  The  rod  is  to  have  one  of  its 
ends  pointed,  to  serve  as  an  index,  and  at  the  other  end  a  hook  to  which  the 
sponge  is  fastened.  The  sponge  is  prepared  by  first  washing  it  thoroughly  in 
clean  water,  and  when  it  is  dry  washing  it  again  in  cither  water  or  vinegar,  in 
which  a  quantity  of  salt  of  tartar  or  sal-ammoniac  has  been  dissolved ;  after 
which,  the  sponge  being  well  dried,  is  fit  for  use.  Then  having  fixed  against 
that  part  of  a  wall  over  which  the  point  of  the  index  will  tiiaverse,  a  miduated 
circular  arc,  the  index  will  show  on  this  scale  the  state  of  the  atmosphere ;  for 
when  the  air  is  humid,  the  sponge  will  imbibe  moisture  from  it,  become  heavier, 
and  consequently  pull  that  arm  to  which  it  is  suspended  downwards ;  while  the 
other  arm  or  index  will  move  upwards,  along  the  graduated  arc  on  the  wall.  On 
the  contrary,  when  the  air  becomes  drier,  it  imbibes  the  moisture  from  the  sponge, 
which  consequently  becoming  lighter,  the  index  preponderates,  and  moves 
down  the  graduated  arc,  thus  showing  the  moisture  or  dryness  of  the  atmo- 
sphere. Instead  of  the  sponge,  Mr.  Gould  recommends  oil  of  vitriol,  which 
grows  sensibly  heavier  or  lighter,  as  the  moisture  of  the  air  increases  or 
decreases ;  so  that  being  saturated  in  the  dampest  weather,  it  retains,  loses,  or 
resumes  its  acquired  weight,  with  the  continuation,  decrease,  or  increase  of  the 
moisture  in  the  air.  So  great  is  the  alteration  in  the  weight  of  this  liquor  from 
the  above  cause,  that  in  the  space  of  fifly-seven  days,  it  has  been  known  to 
change  its  weight  from  three  to  nine  drams,  and  has  shifted  the  tongue  of  a 
balance  thirty  degrees.  The  curious  on  the  subject  of  hygrometers  nia}'  meet 
with  a  great  multiplicity  of  them  in  the  Philosopkical  Y^anaacUofUf  and  the 
various  scientific  journals. 

HYOSCI AMA.  A  new  vegetable  alkali,  extracted  by  Dr.  Brande  from  the 
hyoscyamus  nigra,  or  henbane.  It  is  a  strong  poison.  The  vapour  is  extremely 
prejudicial  to  the  eyes ;  the  smallest  morsel  of  the  alkali  upon  the  tongue  is 
dangerous.  Nevertheless  preparations  of  it  are  very  advantageous,  given  in 
medicine,  by  eminent  practitioners. 

HYPERBOLA,  is  one  of  the  conic  sections,  formed  by  the  intersection  of  a 
plane  and  cone,  when  the  plane  makes  a  greater  angle  with  the  base  of  ths 
cone  than  that  formed  by  the  base  and  side  of  the  cone. 

HYPOTHENUSE,  the  longest  side  of  a  right-angled  triangle. 

I. 

ICE.  Water  in  a  solid,  crystallized  state,  owing  to  the  abstraction  of  its  com- 
bined heat  Its  specific  gravity,  according  to  Dr.  Thomson,  is  .92.  The  force 
of  expansion  exerted  by  water  in  the  act  of  freezing  has  been  found  irresistible 
in  all  mechanical  experiments  to  prevent  it.  Advantage  of  this  wonderful 
phenomenon  is  taken  to  burst  bomb  shells,  and  other  massive  vessels,  by  filling 
them  with  water,  plugging  them  up,  and  then  exposing  them  to  the  frost  The 
effects  of  this  expansive  force  are  often  observable  by  the  bursting  of  trees,  and 
the  rending  of  rocks,  attended  with  a  noise  resembling  the  explosion  of  confined 
gunpowder.  Water  after  being  long  kept  boiling,  affords  an  ice  more  solid, 
and  with  fewer  air  bubbles,  than  that  which  is  formed  from  unboiled  water ;  also 
pure  water,  kept  for  a  long  time  in  vacuo,  and  afterwards  frozen  there,  freezes 
much  sooner  than  common  water  exposed  to  the  same  degree  of  cold  in  the 
open  atmosphere ;  and  the  ice  formed  of  water  thuii  divested  of  its  air,  b  much 
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more  hard,  solid,  heavy,  and  transparent,  than  common  ice.  Ice  after  it  is 
formed,  continues  to  expand  hy  decrease  of  temperature ;  to  which  fact  is  pro- 
bably attributable  the  occasional  splitting  and  breaking  up  of  the  ice  of  ponds 
during  the  time  of  freezing,  and  sometimes,  independent  of  other  causes,  the 
separation  of  icebergs  from  the  great  frozen  continent  at  the  poles.  According 
to  Dr.  Black,  ice  requires  147  degrees  of  heat  to  reduce  it  to  a  fluid. 

ICE-BOATS.  There  are  two  descriptions  of  boats  which  come  imder  this 
denomination ;  namely,  those  that  are  designed  to  sail  upon  the  surface  of  the 
ice,  and  those  that  are  employed  to  open  the  navigation  of  frozen  rivers  or  canals, 
by  breaking  up  the  ice.  The  first-mentioned  kind  of  boats  is  much  used  in 
Holland,  on  the  river  Maeze  and  the  lake  Y.  These  ice-boats  are  propelled,  it 
is  said,  with  incredible  swiftness,  sometimes  so  quick  as  to  render  respiration 
difiicult ',  they  are  found  very  useful  in  conveying  goods  and  passengers  over 
lakes  and  great  rivers  in  that  country.  For  tnis  purpose  a  boat  is  fixed  trans- 
versely over  a  thick  plank,  or  three-mch  deal,  under  which,  at  the  extremities, 
are  fixed  irons,  turned  up  forwards,  resembling  and  operating  as  skates ;  upon 
this  board  the  boat  rests,  with  its  keel  at  right  angles  to  it ;  and  the  extremities 
of  the  boards  serve  as  out-riffgers  to  prevent  the  boat  from  upsetting,  whence, 
therefore,  ropes  are  fastened  uiat  lead  to  the  head  of  the  masts,  in  the  nature  of 
shrouds,  and  others  passed  through  a  block  across  the  bowsprit.  The  rudder  is 
made  somewhat  like  a  hatchet,  with  the  edge  placed  downwards,  which,  being 
pressed  down,  cuts  the  ice,  and  serves  all  the  purposes  of  a  rudder  in  the  water, 
by  enabling  the  helinsmaii  to  steer,  tack,  &c. 

The  other  kind  of  ice-boat  alluded  to,  is  a  strong  and  heavy-laden  canal- 
boat,  fitted  up  for  the  purpose  of  breaking  the  ice,  by  arming  the  fore-part  of 
the  keel  and  the  bows  with  iron,  which  penetrate  and  break  down  the  ice  as  the 
boat  is  drawn  forcibly  along  by  an  adequate  number  of  horses  towing  it  on  the 
path.  This  measure  of  openmg  the  navigation  of  a  canal  is  seldom  adopted, 
except  when  the  ice  b  only  a  few  inches  in  thickness,  or  when  a  thaw  has  ren- 
dered thicker  ice  of  little  tenacity. 

ICE-CREAM.  A  species  of  confectionary  made  by  immersine  cream, 
variously  flavoured,  in  a  mass  of  ice,  contained  in  a  pail  constructed  for  the 
purpose,  wherein  the  cream  is  congealed. 

ICE-HOUSE.  A  repository  for  ice  during  the  summer  season.  In  London  and 
other  places,  ice  is  kept  by  the  confectioners  in  deep  cellars,  from  which  the  ex- 
ternal air  is  excluded  as  much  as  possible,  and  provided  with  drains  to  keep  them 
dry.  When  the  surrounding  soil  is  moist,  a  frame-work,  or  case  of  carpentry  is 
constructed,  having  a  grating  at  bottom,  and  is  so  placed  in  the  cellar  as  to  be  two 
or  more  feet  distant  from  the  floor,  sides,  and  roof  of  the  cellar.  In  this  the  ice 
is  said  to  be  as  perfectly  preserved  as  in  a  dry  cellar.  Some  market-gardeners 
preserve  ice  in  great  heaps,  by  merely  building  it  upon  an  elevated  base  in  the 
open  garden,  and  covering  it  over  and  around  by  a  very  thick  stratum  of  straw 
or  reeds.  This  plan  of  preserving  ice  is  in  accordance  with  Mr.  Cobbett's 
recommendation  in  his  Cottage  Economy f  wherein  he  observes  that  **  an  ice- 
house should  not  be  underground,  nor  shaded  by  trees,  but  be  exposed  to  the 
sun  and  air ;"  that  its  bed  should  be  three  feet  above  the  level  of  the  ground, 
and  composed  of  something  that  will  admit  of  the  drippings  flowine  instantly 
ofi*;  and  he  adds,  that  "  with  some  poles  and  straw,  a  Virginian  will  construct 
an  ice-house  for  ten  dollars,  worth  a  dozen  of  those  which  cost  the  man  of  taste 
in  England  as  many  scores  of  pounds."  The  ice-houses  built  by  the  Virginians 
consist  of  an  inner  shed,  surrounded  by  an  outer  one,  and  having  a  sufficient 
vacant  space  between  the  two  to  enable  a  person  to  walk  round ;  the  walls  and 
roofs  of  both  the  sheds  are  made  of  thatch,  laid  on  about  a  foot  thick ;  and  the 
ice  is  deposited  in  the  inner  shed  on  a  bed  of  straw.  In  England  and  France, 
the  common  form  of  ice-houses  is  that  of  an  inverted  cone,  or  rather  of  an 
hen's  egg,  with  the  broad  end  uppermost  The  situation  of  an  ice-house  should 
be  dry,  as  moisture  has  a  tendency  to  dissolve  the  ice ;  it  should  also  be  so 
elevated  that  water  may  freely  run  off*.  It  should  be  exposed  to  the  sun  and 
air  (as  observed  by  Mr.  Cobbett),  not  under  the  drip,  or  m  the  shade  of  trees, 
in  order  that  the  external  deposit  of  moisture  may  be  readily  evaporated.    The 
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form  of  the  building  may  be  varied  according  to  wcwnatancei ;  bot  m  tbe  viU 
or  receptacle  for  the  ice,  it  is  derirable  to  have  lufficient  room  for  the  depmiof 
two  or  three  yean'  consumption,  as  a  provision  a«inst  mUd  wmteiL    Wbere 

the  situation  w  of  a  dry,  chalky»  g»v*>ly.  ^  "^^X  ^^  "**  ^^  !S^y  T  •"*"  ' 
below  the  surface  of  the  ground ;  in  which  case,  an  ice-house  on  the  pUn  leoom- 
mended  by  the  Ute  Mr.  David  Gordon  (which  was  considered  by  that  gendenuo 
as  an  improvement  upon  the  American  and  Itahan  methods)  mav  be  advan- 
tageously  introduced,  of  which  the  annexed  sketch  represenU  an  elevation. 

Dig  a  pit  of  about  12  feet  deep, 

and  wide  enough  to  permit  the  ere^ 

tion  therein  of  a  frame  of  rough  wood 

posU.    This  frame  is  to  be  14  feet 

wide  each  way  at  the  bottom,  and  16 

feet  each  way  at  the  top,  conformably 

to  the  sketch.    The  posts  mav  be 

about  9  inches  in  diiuneter,  placed 

near  enough  to  each  other  for  thin 

laths  to  be  nailed  upon  them,  and  the 

indde  be  dressed  to  an  acute  angle, 

so  that  as  little  wood  as  possible  may 

touch  the  ice.    On  the  inside  let  thin 

laths  be  nailed    at  about  two  feet 

apart     On  the  outside,  at  moderate 

distances,  nail  rough  boards,  and  fill 

the  place  within  with  wheat,  or  rve 

straw  set  on  end.    The  inside  of  the 

roof  to  be  made  in  the  same  way, 

and  also  the  gables.    Straw  is  to  be 

sewed  on  the  inside,  and  heath  or 

straw  on   the  outside  of  the  door. 

The  outside  of  the  roof  is  to  be 

thickly  thatched  with  straw  or  heath ; 

and  heath,  brushwood,  or  fir  tops,  to  be  filled  in  between  the  outside  boarding 

and  the  surrounding  jnound,  and  then  neatly  thatched  or  turfed  over.    The 

bottom  of  the  house,  for  two  feet  deep,  shoula  be  laid  with  large  logs  or  stones, 

next  with  heath,  fir-tops,  or  brushwood,  and  then  with  straw.    The  iee-houii 

thus  completed,  will  look  like  a  square  bee-hive  inverted,  and  is  then  ready  to 

receive  the  ice  or  snow.    But  unless  the  house  be  in  a  very  shady  place,  Mr. 

Gordon  observes,  it  may  be  necessary  to  extend  the  roof,  when  tne  door  n 

placed,  five  or  six  feet,  making  a  second  gable  and  door,  finished  in  the  same 

way  as  the  first,  and  ^  up  the  intervening  space,  except  a  passage^  with  hesfii 

or  straw. 

Mode  oJfiOing  the  heme. — ^When  the  ice  (or  snow,  if  ice  cannot  be  procnred,) 
is  put  into  the  house,  it  must  be  well  beaten  down  with  a  pavior's  rammer,  oar 
mallet,  and  the  surface  a&ooyr  kepi  eonetne^  as  by  this  means  any  snow  or  ioe 
that  may  melt  will  run  to  the  middle,  or  interstices,  and  fireeze.  For  the  same 
raason,  the  ice  ought  always  to  be  kept  concave  when  it  is  taken  ont  for  use. 
Should  the  firost  be  very  intense  when  the  ice-house  is  getting  filled,  it  msy 
be  very  beneficial  at  the  close  of  each  day's  finine  to  throw  in  thirty  or  for^ 
pails  of  water,  which  will  fill  the  interstices  and  fireese.  When  the  hoose  b 
full,  spread  upon  the  concave  surface  a  carpet,  or  sail  split  up  the  middle,  and 
upon  the  top  thereof  a  foot  thick  of  water.  When  ice  is  required  9oit  the  use 
Of  the  family,  or  when  it  is  necessary  to  put  in  fresh  meat  to  lie  on  the  lace  of 
the  ice  for  preservation,  or  to  take  out  for  use,  the  straw  and  carpet,  or  sail,  is 
to  be  opened  in  the  middle.  Should  rats  infest  the  place,  an  iron-wiro  firame  or 
case  may  be  required  to  put  the  meat  or  fish,  &:c.  into  when  lying  on  die  ice. 
A  small  open  surface-dram  ought  to  be  dug  round  the  house,  to  prevent  any 
water  running  into  it  Opening  the  door  of  the  house  does  little  harm. 
Damp  or  dense  substances  touching  the  ice  is  much  more  prejudicial  than 
dry  air. 
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ICE-SAWS.  iMge  uwi  lued  fur  cutting  throi^h  the  im  for  relievb^  ihipi 
when  &of  en  up.  The  veneb  employed  in  the  Gnenluid  fiiheriee,  and  otben 
that  nivigate  the  polar  leai,  are  r^ukrly  fiiniubed  with  the*e  machiam,  aa 
the  livei  of  the  aaw  not  uofrequeiitly  depend  on  the  eipedition  with  which  a 
vttnage  can  be  cut,  m  m  to  duengage  the  veaMl  befbre  the  further  aoeumu- 
latioa  of  ics  renders  it  an  impoMiUe  undertaking.  Xbe  taw,  willi  a  weight 
tuipcnded  to  it,  it  introduced  by  meuw  of  a  bd«  hrohen  Attmgh  the  ice,  and 
is  itupended  by  a  ropt  pawed  o*er  a  pull^  fixed  to  a  triangle.  A  party  of  a 
doxen  or  more  men,  nin  out  and  liack  again  with  a  rope,  and  thu)  move  the 
■aw  up  and  down  till  it  hai  cut  it*  way  id  (ai  at  to  banf  perpendicularly  fWiin 
the  pulley.  The  trian^e  ii  then  moved  a  foot  or  two  taither,  and  the  tawing 
recommence*,  the  Kmcai  of  the  whol*  b«w  being  required  in  thi*  laborioui 
undertaking. 

Lieut.  W.  I.  Hood,  of  tht  Hypervm,  ILN.  bat  recently  gready  improTed 
thii  apparatui;  for  tba  communication  of  which  and  the  preienlation  of  an 
Ulustrativa  model  to  the  Society  of  Arti,  that  gentleman  wai  awarded  the 
Society'!  honorary  msdal.  In  Mr.  Hood't  machine,  the  mm  ii  nu}Mnded  by 
a  alight  liedge,  and  ii  worked  by  the  power  of  only  two  or  three  men  at  the 
end  of  a  lever;  «  bar,  called  a  propeller,  ia  fixed  on  the  lerer  between  the  ful- 
crum and  the  mw,  ^e  other  end  retting  on  the  lurface  of  the  ice,  and  w 
•4iu>Uil  that  each  motion  of  the  lever  ahall  produce  a  cut  of  a  given  length, 
and  at  the  tame  time,  bv  meant  of  the  propeller,  puth  the  aledge  ««i,  •□  that  the 
teeth  of  the  taw  iball  alwayi  be  ia  oonlact  with  Uie  ice.    The  annexed  figure 
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gvet  a  tide  elevation  of  the  machine,  oaaii  ailedge,  of  opeDfraine-work,  rett- 
g  on  the  turface  of  the  ice ;   fi  a  trunvena  bar  paning  through  the  lever  c  t, 
>nd  formiDg  the  fiUcrum  on  which  it  moveai  thit  lever  Dti  a  crtMt  handle,  H 
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INDEX,  in  Mcchanltm,  b  a  light  rod,  uinilur  to  the  hand  of  a  clock 
employed  to  point  out  the  degrees  marked  upon  a  divided  scale. 

INDIGO.  A  blue  colouring  matter,  extracted  from  the  leayea  and  italkt  of 
the  mdiffofera  Unettriot  or  mUl  plant.  The  anoients  were  acquainted  with  this 
dye  under  the  name  of  Indicum.  H  ie  found  both  in  the  £ast  and  West 
Indiei,  18  spontaneous  in  China  and  Cochin  China,  and  is  cultivated  all  over 
those  vast  empires.  The  seed  is  sown  in  little  furrows  two  or  three  iaches 
deep,  and  about  twelve  inches  distance  from  each  other.  Though  it  may  be 
sown  at  all  seasons,  Uie  moisture  of  the  spring  causes  the  plant  to  shoot  up  in 
three  or  four  days^  and  it  is  at  maturity  at  the  end  of  two  months.  When 
gathered  it  is  thrown  into  a  large  cistern,  called  the  steeping  vat,  containing 
sufficient  water  just  to  cover  the  vegetable.  The  matter  begins  to  ferment^ 
sooner  or  later,  according  to  the  warmth  of  the  weather,  and  the  maturity  of 
the  plant,  generally  occupying  from  six  to  twenty  hours.  When  the  li«pior  is 
in  a  proper  state  of  fermentation  (which  is  known  by  its  heat,  its  thickemng,  an 
abundant  froth  that  it  throws  up,  and  its  blue  colour,  inclining  to  violet),  it  is 
let  out  by  cocks  in  the  bottom,  into  another  vat  placed  for  that  purpose.  In 
this  second  vat,  called  the  beating  vat,  the  liquor  is  strongly  and  inoesaantlj 
beaten  wiUi  a  kind  of  buckets  full  of  holes,  fastened  to  poles.  This  part  of  the 
process  requires  the  greatest  precaution.  If  the  beating  is  ceased  too  soon,  s 
part  of  the  colouring  matter  remains  dissolved  in  tlie  liquor ;  if  continued  s 
little  too  long,  a  part  of  that  which  is  separated  is  dissolved  afresh.  The  exact 
time  for  discontinuing  the  process  is  determined  by  taking  up  some  of  the  liquor 
occasionally  in  a  little  cup,  and  observing  whether  the  blue  fecula  is  disposed  to 
separate  and  subside.  The  whole  being  now  suffered  to  rest  till  the  blue  matter 
has  settled,  the  clear  water  is  let  off  by  cocks  in  the  sides,  at  diilferent  heights, 
and  the  blue  matter  at  the  bottom  is  discharged  by  another  cock  into  a  third 
vat,  where  it  is  suffered  to  settle  for  some  time  longer,  then  conveyed,  in  a  half 
fluid  state,  into  baes  of  cloth,  to  strain  off  more  of  its  moisture ;  and,  lasdv, 
exposed  to  the  air  m  the  shade,  in  shallow  wooden  boxes,  till  it  is  thoroughly 
dry. 

INERTIA  OP  MATTER.  The  name  given  to  a  passive  prindple,  by  which 
bodies  persist  in  a  state  of  motion,  or  rest,  receive  motion  in  proportion  to  the 
force  impressing  them,  and  resist  as  much  as  they  are  resisted.  See  Mechanics. 

INFLAMMABILITY.  That  property  in  certain  bodies  which  disposes 
them  to  kindle  or  take  fire  readily. 

INFUSION,  is  the  operation  of  macerating  or  steeping  any  subatance  in 
water  or  other  fluid,  hot  or  cold  (but  without  boiling),  so  aa  to  extract  its  soluble 
parts.     The  liquid  thus  impregnated  is  called  an  infusion. 

INGOT,  is  a  term  applied  to  small  bars  of  gold,  silver,  copper,  and  other 
metals,  of  a  wedge-like  shape  in  their  transverse  section.  The  metals  are  run 
into  this  form  for  portability,  the  convenience  of  trade,  and  their  easy  application 
in  the  arts. 

INHALER.  The  name  given  to  an  apparatus  having  a  breathing-pipe,  by 
which  a  patient  inhales  steam  or  other  vapours,  and  sometimes  particular  gases 
or  airs,  presumed  to  be  beneficial  in  catarrhs,  affections  of  the  lungs,  &c. 

INJECTION.  The  operation  of  forcibly  throwing  any  liquid  or  aenfonn 
fluid  by  means  of  a  pump,  syringe,  or  other  suitable  mechanism,  into  a  vessel 
Thus,  cold  water  is  injected  into  the  condenser  of  a  steam-engine  to  effect  a 
vacuum. 

INKS,  are  fluid  compositions  designed  for  writing,  drawing,  and  printing. 
As  there  are  a  great  variety  of  sorts,  we  shall  treat  them  consecutively, 
accordinff  to  the  mllowing  arrangement  of  the  subiect 

Far  Writing.  1.  On  black  writing  inks  genenlly.  2.  On  common  black 
writing  ink.  3.  On  best,  or  Japan  ink.  4.  Copying  ink.  5.  Lrideiible,  or 
indestructible  ink.  6.  Red  ink.  7.  Indestructible  red  ink.  8.  Blue  ink. 
9.  Yellow  ink.  10.  Green,  and  other  coloured  inks.  IL  ClotlMnarking  ink. 
12.  Sympathetic,  invisible,  or  secret  inks.     13.  Lithographic  ink. 

For  Drmring.  14.  Indian,  and  imitation  Indian  ink.  15.  Lithogra]diic  ink, 
for  drawing  on  stone  or  paper. 
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For  Prmlmff.  Id.  Letter-press  printing  ink.    17.  Red,  and  other  coloured 
ditto.    18.  Copper-plate  printing  ink.     19.  Lithographic  printing  ink. 
For  removing  stains  of  ink,  20. 

1.  Black  Wriiinglnki  generaUv. — When  any  vegetable  matter,  containing  the 
gallic  acid,  b  infused  with  a  solution  of  iron  in  water,  the  gallic  acid  unites 
with  the  iron,  and  a  black  liquor  results,  from  which  the  colour,  in  the  form  of 
an  impalpable  powder,  Is  gradually  precipitated.  To  prevent  the  latter  effect^ 
it  becomes  necessary  to  render  the  liquor  viscid,  or  of  greater  specific  gravity ; 
and  this  is  best  effected  by  the  addition  of  a  gum  which  is  perfectly  soluble  in 
water,  as  this  gum,  besides  keeping  the  black  feculas  suspended  in  the  liquor, 
serves  also  to  prevent  the  ink  from  sinking  or  ^reading  on  the  paper,  and 
likewise  to  defend  it,  in  the  manner  of  a  varnish,  from  the  action  of  the  air. 
Ink  may  therefore  be  regarded  as  merely  a  gallate  of  iron,  combined  with  a 
little  mucilage.  It  follows,  from  this  view  of  the  matter,  that  the  same,  or  very 
nearly  the  same,  kind  of  Uack  liquid  may  be  produced  from  a  great  variety  of 
siubstances,  and,  therefore,  to  make 

2.  Common  Black  Writing  Ink. — It  becomes  the  business  of  the  manufacturer  to 
select  such  materials  as  will  produce  the  required  quality  at  the  least  cost  to 
himself.  It  is  commonly  supposed  that  nut-galls  are  employed  on  a  lam 
scale  for  this  purpose,  but  the  low  price  at  which  common  ink  is  sometimes  sold 
per  gallon,  renaers  this  improbable ;  and  that  such  an  expensive  material 
(however  good)  is  not  necessary,  the  reader  has  only  to  coiisiaer  that  the  dyer 
makes  a  variety  of  good  blacks  without  it.  Of  aU  known  vegetable  matters^ 
sumacb  approaches  nearest  to  galls,  and  forms  a  very  cheap  substitute ;  com- 
bined with  the  sulphate  of  iron  (green  copperas)  it  makes  a  very  rich  black  ink> 
but  it  requires  some  peculiar  management  to  prevent  its  becoming  thick* 
Logwood,  from  the  great  affinity  of  its  colouring  matter  to  the  oxide  of  iron« 
renders  it  a  most  desirable  substitute  for  galls*  It  is  well  known  to  be  partially 
used  with  galls  in  making  ink ;  but  very  good  common  ink  may  be  made  from 
it  without  any  other  astringent  matter.  Valonia,  the  barks  of  the  oak,  chestnut^ 
and  many  other  trees,  m^iy  be  very  advantageously  applied  as  useful  subi^tutes 
for  galls  m  making  common  ink,  and  are  well  deserving  of  the  attention  of  the 
manufacturer  who  may  not  be  acquainted  with  their  properties.  A  good  common 
ink  is  made  in  the  following  manner:  Take  8  ounces  of  Aleppo  galls,  in  coarse 
powder,  and  8  ounces  of  logwood,  in  thin  chips ;  boil  these  in  six  quarts  of  soft 
water  for  an  hour,  and  supply  the  waste  from  evaporation  by  the  addition  of 
fresh  water ;  strain  the  decoction  through  a  hair  sieve,  and  then  add  5  ouncei 
of  sulphate  of  iron,  and  3  ounces  of  gum  Seneeal,  of  o»linary  quality.  Stir  the 
mixture  until  the  latter  is  dissolved,  then  let  it  subside  for  twenty-four  hours^ 
after  which,  decant  the  ink,  and  preserve  it  in  bottles  of  glass  or  stone  ware  for 
use.  This  recipe,  it  is  evident  from  the  preceding  remarks,  may  be  considerably 
varied  without  material  prejudice  to  the  quality  of  the  article ;  but  it  should  be 
borne  in  mind  that  galls  possess  more  intrinsic  value  (without  reference  to  their 
prime  cosQ  than  their  substitutes,  as  a  given  weight  of  them  yields  a  greater 
quantity  of  black  precipitate  than  any  of  the  others;  the  current  price,  as  well 
as  the  quality  of  the  galls,  will  therefore  have  to  be  duly  estimated,  and  in 
apportioning  the  substitute  a  greater  quantity  must  be  used. 

3.  Beitf  or  Japan  Ink, — M.  Ribaucourt,  who  has  paid  particular  attention  to 
the  process  of  making  black  ink,  has  drawn  the  following  inferences  from  his 
experiments.  That  logwood,  from  its  di^MMition  to  unite  with  the  solutions  of 
iron,  is  a  valuable  ingredient  in  the  making  of  ink,  rendering  it  not  only  of  a 
very  dark  colour,  but  less  capable  of  change  from  the  action  of  acids  or  of  the 
air.  That  sulphate  of  copper,  in  a  certain  proportion,  gives  deptb  and  firmness 
to  the  colour  of  the  ink.  That  gum  has  all  tlie  advantages  we  have  before 
named.  That  sugar  (although  it  has  some  bad  qualities)  is  of  use  in  giving  a 
degree  of  fluidity  to  the  ink,  which  permits  the  dose  of  gum  to  be  enlarged 
beyond  what  the  ink  would  bear  without  it.  That  water  is  the  best  solvent. 
From  these  considerations  M.  Ribaucourt  has  given  the  fi>llowii]g  directions  for 
the  composition  of  good  ink,  namely,  8  ounces  Aleppo  galls,  4  ounces  logwood^ 
4  ounces  sulphate  of  iron,  3  ounces  gum  arabic,  1  ounce  sulphate  of  copper^ 
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nd  1  ounce  of  lugar  candy  The  galla  and  logwood  to  be  bofled  in  12  Ibi 
>f  water,  till  reduced  to  6  lbs.  and  after  straining,  the  other  ingredients  are  to 
'>e  added.  This  ink  flows  from  the  pen  of  a  jet  black,  and  from  the  gum  being 
in  greater  proportion  to  the  liquid  than  in  the  previous  recipe,  the  wntine  dries 
wi£  a  gloss  upon  it ;  hence  it  has  been  called  Japan  ink.  If  it  is  desired  to 
give  it  more  gloss,  the  gum  may  be  increased,  to  which  some  more  sugar  most 
be  added  to  give  it  equal  fluidity ;  but  an  excess  in  the"  latter  ingredient  renden 

Sapers  written  upon  with  it  liable  to  stick  together,  upon  contracting  the  lesst 
ampness. 

M.  Desormeaux,  jun.  an  ink  manufacturer  of  Spitalfi^da,  gave  an  excellent 
recipe  for  making  ink  some  time  since  in  the  PktlosojAieal  Afa^aasme  ;  but  si 
his  process  does  not  differ  essentiaUy  from  those  we  ^have  given,  and  as  his 
observations  are  confirmatory,  as  far  as  they  extend,  of  our  own,  we  ahaH  only 
notice  the  points  of  diflbrence  in  his  communication.  He  directa  the  sulphate 
of  iron  to  oe  calcined  to  a  whiteness,  and  employs  coarse  brown  sugar  instesd 
of  sugar-candy,  the  acetate  of  copper  instead  of  the  sulphate,  and  only  in  one- 
-fourth  the  quantity ;  and  reconunends  the  ink  to  be  agitated  twice  a  oay  for  s 
fortnight  before  it  is  poured  from  the  dress  and. corked  up  for  use.  These 
variations  appear  to  be  judicious  and  deservmg  of  (imitation. 

Dr.  Lewis  and  others  have  recommended  vinegar  as  the  menstruum  in  pre- 
ference to  water;  on  which,  as  well  as  the  sulphate  of  copper  of  Mr.  Ribaucouzl; 
Dr.  Ure  acutely  observes,  "  I  have  found  an  inconvenience  in  the  use  of  either, 
which,  though  it  does  not  relate  to  the  goodness  of  the  ink,  is  sufficiently  gres^ 
in  their  practical  exhibition,  to  forbid  their  use:  The  acid  of  the  vin^ar  acts 
so  strongly  upon  the  pen,  that  it  very  frequently  requires  mending;  and  the 
sulphate  of  copper  has  a  still  more  unpleasant  raect  upon  the  pen-knife.  It 
seldom  happens  that  when  a  pen  requires  mending,  that  the  ink  as  wiped  veiy 
perfectly  from  it ;  and  often,  when  the  nib  is  only  to  be  taken  ofi^  it  is  done 
without  wiping  at  all.  Whenever  this  is  the  case,  the  ink  immediately  depositi 
a  film  of  copper  upon  the  knife,  and  by  superior  electric  .attraction  of  the 
sulphuric  acid,  a  correspondent  portion  of  the  edge  of  the  knife  is  dissolved, 
ana  is  by  l^is  means  rendered  incapable  of  cutting  until  it  has  been  again  set 
upon  the  bone. 

4.  Ceptfing  Ink, — ^fbr  transferring  writings  to  thin  unsized  paper  is  prepared 
by  the  simple  addition  of  a  little  sugar  to  common  writing  inc.  The  poweifbl 
affinity  of  water  to  sugar,  causes  the  damp  paper  to  immediately  absord  die 
ink  by  the  powerful  aid  of  the  copying-machme.     See  Coptimo  Pasaa. 

5.  Indelible  /nit.— It  is  wdl  known  that  common  writing  ink  may  be  essl^ 
obliterated  by  the  application  of  oxymuriatic  acid,  or  aqueous  chlorine;  it 
therefore  becomes  an  important  object  to  employ  [those  substances  which  shall 
be  indestructible  by  the  application  of  any  process  that  will  not  at  the  same 
time  destroy  the  material  upon  which  it  shall  be  .used.  For  thia  purpose 
Mr.  Close  has  recommended  twenty-five  grains  of  copal  in  powder,  dissolved  in 
two  hundred  grains  of  oil  of  lavender,  by  the  assistance  of  a  gentle  heat,  and 
then  mixed  with  two  and  a  half  grains  of  lamp-black,  and  half  a  grain  of 
indigo.  A  little  oil  of  lavender,  or  of  turpentine,  may  be  added  if  the  ^ink  be 
too  Slick.  Mr.  Sheldrake  suggests  that  a  mixture  of  genuine  asphaltum,  die- 
solved  in  oil  of  turpentine,  amber  varnish,  and  lamp-black,  would  be  superior  to 
the  foregoiuff.  For  many  common  purposes  the  introduction  of  a  little  lamp* 
black  into  we  composition  of  common  ink  will  answer  sufficiently.  In  the 
Journal  <jf  the  Eojfol  InttUution  the  following  process  of  making  an  indelible 
ink  has  been  recommended  :^Let  a  saturated  solution  of  indiffo  and  madder  in 
boiling  water  be  made  in  such  proportion  as  to  give  a  purple  tint ;  add  to  it 
from  one-sixth  to  one-eighth  of  its  weight  of  sulphuric  acta,  according  to  the 
thickness  and  strength  of  the  paper  to  be  used.  This  makes  an  ink  which 
flows  pretty  freely  from  the  pen ;  and  when  writing  which  has  been  executed 
with  it  is  exposed  to  a  consiaerable  but  gradual  heat  from  the  fire,  it  becomes  . 
completely  olack,  the  letters  being  thoroughly  burnt  in,  and  charred  by  the 
action  of  the  sulphuric  acid.  If  the  acid  has  not  been  used  in  sufficient  quantity 
to  destroy  the  texture  of  the  paper,  and  reduce  it  to  the  state  of  tinder,  the 
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eolottlr  may  be  discbai^ed  by  the  ozymuriatic  and  ozaKc  acidb,  aad  their  com- 
poimde,  though  not  without  great  difficulty.  When  the  full  proportion  of  acid 
nat  been  employed,  a  little  crumpling  and  rubbing  of  the  paper  reduces  the 
carbonaceous  matter  to  powder;  but  b^  putting  a  black  ground  behind  them 
they  may  be  preserved;  and  thus  a  species  of  indelible  writing  ink  is  procured, 
(for  the  letters  are  in  a  manner  stamped  out  of  the  naper)  which  might  be 
useful  for  some  purposes,  perhaps  for  tne  signature  of  blank  notes.  (See  the 
inks  for  marking  linen.)  When  writing  with  common  ink  has  been  efl^ed  by 
means  of  aqueous  chlorine,  the  yapour  of  sulphuret  of  ammonia,  or  immersion 
in  water  impregnated  with  this  sulphuret,  will  render  it  again  legible.  Or  if 
the  paper  that  contained  the  writine  be  put  into  a  weak  solution  of  prussiate  of 
potash,  and  when  it  is  thoroughly  wet^  a  little  suphuric  acid  be  added  to 
the  liquor,  so  as  to  render  it  sligntly  acidulous,  the  same  purpose  will  be 
answered. 

6.  Bed  Inkt. — Steep  one  pound  of  powdered  Brazil  wood,  and  one  ounce  of 
powdered  cochineal,  in  two  gallons  of  vinegar.  Let  them  macerate  for  twelve 
hours.  Then  put  the  whole  on  to  a  slow  fire,  with  four  ounces  of  alum,  and 
one  ounce  of  lumn-sugar,  in  a  pewter  vessel,  until  a  good  red  colour  is 
obtained.  When  tne  ink  is  settled  it  may  be  decanted,  pouring  it  through  a 
piece  of  doth  into  bottles,  and  preserved  for  use.  Cochineal  is  a  very  expen- 
sive article,  and  although  it  is  usual  to  recommend  its  introduction  into  red  ink, 
on  account  of  the  richness  of  its  colouring  matter,  we  know  from  experience 
that  it  IB  by  no  means  a  necessary  ingredient,  and  that  a  beautiful  and  very 
permanent  red  may  be  obtained  without  it  We  have  before  us  a  recipe, 
written  fifteen  years  ago  in  the  identical  red  ink  it  is  descriptive  of  the  process 
of  making ;  the  colour  is  extremely  beautifiil,  nor  in  the  least  deteriorated  by 
the  lapse  of  time.  The  process  differs  only  firom  the  above  recipe  in  using  no 
cochineal,  but  it  contained  as  much  alum  as  the  liquid  would  dissolve  in  its  cold 
state ;  the  Brazil  wood  was  macerated  during  a  night,  and  was  very  gently 
boiled  in  an  ungUtxed  earthen  pot  on  the  next  day,  for  half  an  hour ;  afterwardw 
one  pound  of  ^Senegal  gum,  and  a  quarter  of  a  pound  of  lump-susar,  ivere 
addea.  With  so  large  a  proportion  of  mucilage  as  just  mentioned,  ana  so  much 
alum,  it  is  probable  that  vinegar  may  be  dispensed  with,  and  that  water  alone, 
which  is  a  good  menstruum  for  the  colouring  matter  of  Brazil  wood,  wiU  answer 
very  well,  and  materially  cheapen  the  ink.  Uare  should  be  taken  to  discontinue 
the  boiling  after  the  full  bright  red  is  obtained,  as  by  continuing  it  the  colour 
darkens ;  also,  that  copper  or  iron  vessels  should  not  be  used,  unless  they  are 
perfectly  coated  with  tin  in  every  part.  A  solution  of  tin  heightens  the  red 
colour,  and  tends  to  restore  it  if  it  has  acquired  a  purple  tint. 

7.  Indetinictibie  Red  Ink  may  be  made  by  dissolving  one  ounce  of  copal  in 
seven  ounces  of  oil  of  lavender,  and  adding  thereto  three  ounces  and  a  half  of 
pure  vermilion.  If  found  too  thick  for  the  pen,  add  a  little  more  oil  of 
lavender. 

8.  Blue  Ink, — ^Take  sulphate  of  indigo  (indigo  dissolved  in  sulphuric  acid,  it 
may  be  had  of  the  dyers),  and  dilute  it  with  water  till  the  desired  tint  is 
obtained.  It  is  with  this  sulphate,  very  laigely  diluted,  that  the  faint  blue  lines 
of  ledgers  and  other  books  are  ruled.  If  the  ink  were  used  strong,  it  would  be 
necessary  to  add  chalk  to  it  to  neutralize  the  acid.  * 

•  9.  Yelkno  Ink* — Half  a  pound  of  French  berries,  boiled  with  a  little  alum  in 
a  quart  of  water,  or  vinegar  and  water. 

'  10.  Oreen  and  other  cMoured  Jnke. — A  mixture  of  the  above  blue  and  yellow 
inks  win  make  a  green  ;  a  mixture  of  the  red  and  yellow  will  make  an  crange  ; 
of  the  blue  and  red,  empurple;  of  the  black  and  yellow,  a  ftrotm.  Inks  of  all 
colours  may,  however,  be  very  readily  obtained  by  rubbing  down  with  water 
any  of  the  water-colours  prepared  in  cakes,  for  artists ;  or  by  using  a  strong 
decoction  of  any  of  the  ingredients  used  in  dyeuig,  with  a  little  alum  and  gum. 
11.  Marking  Linen, — Mr.  Haussman  has  given  some  compositions  for  marking 
pieces  of  cotton  and  linen,  previous  to  their  being  bleached,  which  are  capable 
of  resisting  every  operation  in  the  processes  both  of  bleaching  and  dyeing,  and 
consequently  might  be  employed  in  marking  linen  for  domestic  purposes.  One 
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of  these  consists  of  Asphaltum,  dissolved  in  about  four  parts  of  oil  of  turpentmey 
and  with  this  is  to  be  miied  lamp-black  or  black-lead  in  fine  powder,'  so  as  to 
make  an  ink  of  a  proper  consistence  for  printing  with  types.  Another,^tlie 
blackish  sulphate  left  after  expelling  oxygen  gas  mm  oxide  of  manganese  with 
a  moderate  heat ;  being  dissolved  and  nHered,  the  dark  gtey  pasty  oxide  left 
on  the  filler  is  to  be  mixed  with  a  very  little  of  a  solution  of  gum  tragacanthi 
and  the  cloth  marked  with  this  is  to  be  dipped  in  a  solution  of  potash  or  soda, 
mild  or  caustic,  in  about  ten  parts  of  water.  The  anacardium,  at  cashew  nut^ 
it  is  well  known,  yields  an  inflammable  caustic  liquor,  which  alone  fonns  a 
very  useftd  marking  ink,  as  any  thing  written  on  linen  or  cotton  with  it  is  of  a 
brown  colour,  whicn  CTadually  grows  blacker,  and  is  very  durable.  The  ordi- 
nary marking  ink  sold  in  our  shops  is  made  in  the  following  manner: — ^Take 
lunar  caustic  (nitrate  of  stiver),  5  scruples ;  gum  arabic,  5  scruples ;  sap-green, 
1  scruple ;  water,  1  ounce ;  put  these  together  in  a  small  botUe,  and  the  ink 
is  formed.  In  using  it,  the  linen  is  first  wetted  with  the  following  mordant;— 
1  ounce  of  soda  to  2  ounces  of  water.  The  marking  ink  should  not  be  used 
until  the  mordant  has  dried  upon  the  linen. 

12.  Sympathetie,  InvMUf  or  Secret  Inht  are  such  as  do  not  appear  aflcr  they 
lire  written  with,  but  which  may  be  made  visible  at  pleasure,  by  certain  means 
nsed  for  that  purpose.  They  are  of  considerable  antiquity ;  for  it  apneats  that 
Ovid  recommenas  the  maidens  of  his  days,  who  wished  to  conespona  secretly 
with  their  lovers,  to  write  with  fresh  milk,  which  when  dried  might  be  made 
visible  by  rubbing  over  it  ashes  or  rust  Pliny,  who  was  better  informed  than 
Ovid  in  such  arts,  though  probably  less  inclined  to  practise  them,  recom- 
mended the  milky  juice  of  certain  plants  for  the  purpose ;  but  the  use  of  socb 
things  is  superseded  by  the  discoveries  of  modem  chemists,  who  have  intro- 
duced to  our  notice  a  great  variety  of  secret  inks,  the  best  of  which  we  find 
selected  in  the  Ojiford  Cyclopedia ;  they  are  as  follow : — Dissolve  some  sugar 
of  lead  in  water,  and  write  with  the  solution.  When  dry,  no  writing  will  be 
Visible.  When  yon  want  to  make  it  appear,  wet  the  paper  with  a  solution  of 
alkaline  sitlphuret  (liver  of  sulphur,)  ana  the  letters  will  immediately  appear  of 
a  brown  colour.  Even  exposing  the  writing  to  the  vapours  of  these  solutions 
will  render  it  apparent — -Write  with  a  solution  of  gold  in  aqua-regia,  and  let 
the  paper  dry  gently  in  the  shade :  nothing  will  appear ;  but  draw  a  tfoon 
over  it,  wetted  with  a  solution  of  tin  in  aqua-regia,  the  writing  will  immeaiatelT 
appear  of  a  purple  colour. — Write  with  an  inftision  of  galls,  and  when  you  wish 
the  writing  to  appear,  dip  it  into  a  solution  of  green  vitriol ;  the  letters  mil 
appear  black.— Write  with  diluted  sulphuric  acid,  and  nothing  will  be  visible. 
To  render  it  so,  hold  it  to  the  fire,  and  the  letters  will  instantly  appear  black.— 
Juice  of  lemons  or  onions,  a  solution  of  sal  ammoniac,  green  vitriol,  &c.  wiH 
answer  the  same  purpose,  though  not  so  easily,  nor  with  so  little  heat. 

Oreen  Sympathetic  Ink,  -—  Dissolve  cobalt  in  nitro-muriatic  acid,  and 
write  with  the  solution.  The  letters  will  be  invisible  till  held  to  the  fire,  when 
they  will  appear  green,  and  wiU  disappear  completely  again  when  removed 
into  the  cold.  In  this  manner  they  may  be  made  to  appear  and  disappear  st 
pleasure.  A  very  pleasant  experiment  of  this  kind  is  to  make  a  drawing 
^presenting  a  winter  scene,  in  which  the  trees  appear  void  of  leaves,  and  to 
put  the  leavel  on  with  this  sympathetic  ink ;  then  upon  holding  the  drawing 
near  to  the  fire,  the  leaves  will  begin  to  appear  in  all  the  verdure  of  spring,  and 
will  very  much  surprise  those  who  are  not  m  the  secret 

Blue  Sympathetie  Ink.  »  Dissolve  cobalt  in  nitric  acid  ,*  precipitate  die 
cobalt  by  potass;  dissolve  this  precipitated  oxide  of  cobalt  m  acetic  acid, 
and  add  to  the  solution  one-eignth  of  common  salt  This  will  form  a 
Sympathetic  ink,  that,  when  cold,  will  be  inrisihie,  but  will  appear  blue 
by  heat. 

13.  Lithographic  Ink, — As  the  art  of  lithography  is  treated  of  generally 
imder  its  initial  letter  in  this  work,  we  shall  in  this  place  simply  notice  the 
autographic  ink,  smtable  for  transferring  to  stone  the  writings  or  drawings  which 
have  been  executed  on  pa[}er  prepared  for  the  purpose,  ^is  ink  ought  to  be 
iftcUow,  and  somewhat  thicker  than  that  used  for  drawing  or  writuig  imme- 
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diately  on  stone ;  lo  that  "when  it  is  dry  on  the  paper,  it  may  be  still  sufficiently 
viscous  to  cause  it  to  adhere  to  the  stone  by  simple  pressure.  The  follow- 
ing is  the  mode  of  preparing  it :  dry  soap,  100  dracbms ;  white  wex,  pure, 
100  ditto;  mutton  suet,  30 ;  shellac,  50;  mastic  50 ;  and  lamp-black,  (fine,  from 
the  combustion  of  resin,)  30  to  35  drachms.  Iliese  are  to  be  melted  over 
a  brisk  fire  in  a  metal  pot  over  a  chafing  dish ;  first  melt  the  soap  and  the 
suet,  then  add  the  shellac  very  gradually ;  next  the  soda,  a  little  at  a  time,  and 
after  this  the  mastic,  taking  care  to  stir  it  from  time  to  time  with  a  wooden 
spatula ;  lastly  the  lamp-black,  Stirling  it  all  the  time.  When  these  materials 
are  well  incorporated,  tiiey  are  poured  on  a  plate  of  cast  iron,  made  warm,  and 
oiled,  in  order  that  the  composition  may  be  easily  detached  fix)m  it  Ledges  of 
wood  are  put  on  the  plate  to  keep  the  thickness  of  the  ciHnpoeition  uniform^ 
which  when  congealea,  but  still  warm,  is  cut  into  sticks,  like  Indian  ink. 

14.  Indian  Ink. — The  genuine  article,  which  is  used  by  the  Chinese  for 
writing  with  a  brush,  as  well  as  for  painting  upon  their  soft,  flexible  paper,  is 
ascertained  by  experiment  and  information  to  consist  of  lamp-black  and  size, 
or  animal  glue,  with  the  addition  of  perfumes  or  other  substances  not  essential 
to  its  quality  as  an  ink.  The  fine  soot  from  the  flame  of  a  lamp  or  candle, 
received  by  holding  a  plate  over  it,  mixed  with  clean  size  from  shreds  of  parch- 
ment of  sheep  and  goat  skins,  will  make  an  ink  equal  to  that  imported.  We 
have  been  in  the  habit  of  using,  during  many  years,  both  the  genuine  and 
the  imitation  Indian  ink  indifferently,  not  being  able  to  discover  that  either 
merits  a  preference. 

15.  Ltihographie  Drawmg  Ink, — This  composition  is  the  same  as  the  ink 
used  for  writing  upon  stone  and  lithographic  transfer  paper,  already  described; 
the  artist  rubbmg  it  down  usually  upon  a  slab,  as  Indian  ink,  for  his  use. 

16.  LeUer^esi  Prmting  Ink  is  a  very  smooth  and  jet  ^black  oil  paint 
The  consistence  and  tenacity  of  the  oil  in  this  composition  are  greatly  increased, 
and  its  greasiness  diminished,  by  means  of  fire.  Linseed  oil,  or  nut  oil,  is 
made  choice  of  for  this  use.  The  nut  oil  is  supposed  to  be  the  best,  and  is 
accordingly  preferred  for  the  black  ink,  though  the  darker  colour  it  acquires 
from  the  fire  renders  it  less  fit  for  the  red.  It  is  said,  that  the  other  expressed 
oils  cannot  be  sufficiently  freed  from  their  unctuous  quality.  Ten  or  twelve 
g^ons  are  set  over  the  fire  in  an  iron  pot,  capable  of^  holcung  at  least  half  aa 
much  more ;  fior  the  oil  swells  up  greatly,  and  its  boiling  over  into  the  fire 
wonld  be  very  dangerous.  When  it  boils,  it  is  kept  stirring  with  an  iron  ladle; 
and  if  it  do  not  of  itself  take  fire,  it  is  kindled  with  a  piece  of  flaming  paper 
or  wood.  It  is  found  that,  mere  boiling,  without  setting  it  on  fire,  does  not 
give  it  a  sufficiency  of  the  drying  quality.  The  oil  is  sulered  to  burn  for  half 
an  hour  or  more,  and  is  then  extinguished  by  covering  the  vessel  close,  and 
excluding  the  air.  The  boiling  is  continued  with  a  gentle  heat,  till  the  oil  baa 
attained  the  proper  consistency,  in  which  state  it  is  called  vami^  It  is  necea* 
sary  to  have  two  kinds  of  this  varnish,  a  thicker  and  a  thinner,  (from  the 
greater  or  less  boUing  it  has  received,)  which  are  occasionally  mixed  together, 
to  suit  difierent  purposes ;  for  that  which  answers  well  in  hot  weather,  becomes 
too  thick  in  cold,  and  large  characters  or  ^pe  do  not  require  such  stiff*  ink  aa 
the  small.  Hie  thickest  varnish,  when  cold,  may  be  drawn  into  threads,  like 
glue;  and  the  workmen  taking  out  small  quantities,  from  time  to  time,  judge 
of  the  proper  degree  of  boiling  required,  by  testing  its  tenacity  in  that  manner. 
The  oil  loses  by  the  boilinff  i^ut  one-eighth  of  its  weight  The  varnish  readily 
minsles  with  fresh  oil,  and  it  will  unite  with  mucilages,  mto  a  mass  that  is  afler- 
wards  difiusible  in  water.  About  one-seventh  part,  by  weicht,  of  lamp-black 
is  added  to  the  varnish,  to  give  it  the  depth  of  colour.  Boiled  with  caustic 
alkali,  a  soapy  compound  is  formed,  and  printers  availing  themselves  of  this 
fact,  are  in  Uie  habit  of  cleaninj^  their  types  by  soap-makers'  lees  and  a  brush* 
It  is  said  that  when  very  new  oil  is  used  in  .making  ink,  it  does  not  readily 
dry  without  the  addition  of  litharge,  or  the  oil  of  turpentine,  and  these  addi* 
tions  (which  are  not  necessary  in  old  oil)  cause  it  to  stick  very  hard  to,  and 
clog  up  the  types. 

17.  Red  (tnd  other,  coloured  Printing  Inh,  are  made  from  linseed  oil,  bailed 
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inbi  m  Tamuh,  m  dMcribed  in  the  Uvk  ink,  with  iha  Mldition  oT  Mm*  dry 
figOMBt  ot  the  rtqoired  colour,  which  ii  groiiiid  up  with  tlw  Taniih,  with  a 
•tone  md  mutler  in  the  manner  of  oil  paint.  ThtM,  for  prepMiog  the  faright 
red  prtDting  ink,  vennilion  ia  ground  up  with  the  ramiih,  in  nch  qiuntitj  m 
will  give  the  rehired  depth  ot  tint  In  like  muner  for  bluea,  fcUow*,  orange*, 
greeiu,  &=.  the  iViuaan  Une,  indigo,  orpiment,  chrome,  red  and  oran^  l^d, 
Tcrdifiia,  and  in  general  the  pigmente  nud  bj  ho«ue  paintm,  ate  timilarij 
combuied  with  the  vuniih. 

IS.  CcpperylaU  Prmlkig  /ni  ii  of  a  (omewliat  dmilaT  kind  to  that  tued  for 
tjrpe  printtog,  but  the  oil  ij  \em  bailed,  and  ths-Tarniah  b  in  c«uaeiiaenee  mncb 
more  fluid ;  and  initead  of  lamp-black,  Ihej  rither  \ua)  the  hlack  ii  '  ' 
from  Frankfort,  (which  i*  aaid  to  be  the  charcoal  of  Tine  twiga,  prepai 
peculiar  manner,)  or  when  thia  cannot  be  proetued,  or  ii  loo  coitlf,  the  G 
iT0t7  black  they  can  obtab. 

19.  LilAogTMik  Printing  Ink  difleri  from  that  uaed  in  tjpoer^hr,  only  io 
being  a  much  thicker  Taniiih ;  and  the  lamp-black  which  u  u*ed  ai  the  adour- 
iog  matter  ia  not  mixed  with  it  in  the  masi,  but  nuall  portioni  of  the  raroiidi 
are  taken  from  time  to  time,  «■  it  ia  required,  and  the  lamp-black  then  only 
groand  up  with  it  f<«  immediate  or  reij  early  u«e.   See  Litrookapbt. 

20,  Stmotring  Steint  of  Int.  The  itains  of  ink  on  cloth,  paper,  or  wood,  maj 
b«  removed  by  almott  all  acidi ;  but  those  acida  are  to  be  preferred  which  are 
leaat  likely  to  injure  the  texture  of  the  alained  tubitanee.  The  muriatic  acid, 
diluted  with  five  or  lix  timet  its  weight  of  water,  may  be  applied  to  the  not, 
and  after  a  minute  or  two  may  be  washed  off,  repeating  the  application  ai  often 
ai  may  be  fbund  necetiary.  But  the  vegetable  acida  are  attended  with  le« 
riik,  Bud  are  equally  effectual.  A  aolution  of  the  oxalic,  citric  (acid  of  lemon*); 
or  tartaric  acida  in  water,  may  be  applied  to  the  moat  delicate  fabrica,  without 
any  danger  of  ii^uring  tfaem ;  and  tne  lame  aolutiona  will  diachane  writiDg', 
but  not  printing  ink.  Hence  they  may  be  employed  in  cleaning  book*  that 
bare  been  defaced  by  writing  on  ibe  margin,  without  impairing  the  text. 
Lemon-juice,  and  the  juice  of  tottel,  wilt  also  remove  ink  itaina,  but  not  io 
eaaily  at  the  concrete  acid  of  lemoni,  or  citric  acid. 

INKSTAND9.  Utentila  for  holding  ink  for  the  convenience  of  dipping  a 
pen  into  them.  They  were  formerly  chiefly  made  of  horn,  but  now  genertlty 
of  glatt  or  metal.  It  ia  not  our  intention  to  deicribe  the  ordinary  kindt,  that 
are  familiar  to  every  eye,  but  only  the  recent  elegant  improvementa  which  hav* 
been  made  upon  them. 


I  Palml  Inlaland  it  one 
of  great  convenience  and  itability, 
and  not  very  liable  loget  out  of  order. 
It  it  repreaented  in  Ae  tubjoined  en- 
graving, which  affords  a  sectional  view 
of  the  interior,  a  a  showa  (he  top  and 
bottom  of  an  external  cylindrical 
eating  of  bronxe,  (  ia  tbe  ink  imbibed 
by  a  quanti^  of  loose  hair  or  wool, 
contained  in  a  cylindrical  glaat  cup 
c  c,of  coniideiable  thickneat,  theupper 
part  of  which  is  closed  by  a  glass  pia- 
ton  d,  accurately  ground  to  St  the 
cylinder,  and  ao  aa  to  permit  it  to  move 
eaaily  up  and  down.  On  the  upper 
surface  of  tbe  glass  pitton,  a  hdlow 
screw  t  with  a  disc  of  metal  at  the 

Snger 
latter  lumt  the  solid  I 
the  hollow  screw  to  advance  or  recede 
with  a  alidiflg  motion,  so  as  to  press 
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uniforailv  upon  tli«  piiton  without  the  friction  of  luming  ^^n>t  ita  nirfoce. 
At  the  lower  part  of  the  reservoir,  an  aperture  ia  made,  into  which  ft  tube 
ii  fixed  that  conducta  the  ink  to  a  little  pen-supplying  cup  g,  when  the  wool  ii 
compreaied  by  «  turn  of  the  tcrew,  forcing  down  the  piilon.  The  little  cup, 
previoualy  empty,  ia  thui  initantlj  auppliea  with  freah  ink,  with  no  more  trouble 
than  taking  up  a  pen ;  and  ahoufd  a  little  more  ink  be  forced  into  the  cup  than 
ii  iieceaaary,  by  careleaaly  turning  the  screw  too  far,  it  runs  over,  and  is  caught 
in  the  little  saucer  shown  below.  When  the  inkstand  ia  not  in  requiaition,  a 
half  turn  of  the  screw  the  reverse  way  cauaea  the  ink  to  flow  back  szain,  as 
the  wool  being  thereby  relieved  of  the  preasure,  re-absorbs  the  fluid.  The  ink 
being  thus  returned  into  the  reaervoir,  none  can  be  spilled,  even  if  upset ;  it  ia 
preaerved  from  the  contact  of  the  air,  cooaequenlly  from  drying  up,  as  well  ai 
from  duat,  and  it  may  be  inatantly  brought  into  uae  whenever  required.  These 
are  decided  advantages,  which  peculiar^  recommend  it  for  the  use  of  pertODi 

Patent  Caoutchouc  hlaland. — Mr.  Doughty,  the  ingenious  manufacturer  of 
pent  with  ruby  and  rhodium  nibs,  having  discovered  theinjury  that  those  p«ia 
received  Irom  being  incautiously  struck  against  the  glass  of  common  inkstand^ 
contrived  to  manuftcture  an  interior  bottle  of  Indian  rabl>er,  of  nearly  the  form 
of  the  external  omameDtal  case,  aa  shown  in  the  annexed  section  ofoae  of  hia 


elegant  inkstands.  The  stopper  is  of  a  conical  form,  and  it  to  fixed  in  the 
screwed  head  or  cap  as  to  have  a  little  lateral  play  therein,  which  admita  of 
its  adapting  itself  exactly  to  the  conical  neck  of  the  inkstand,  and  when 
acrewed  down,  prevents  the  poatibility  of  leskinrj  and  that  the  ink  may  not 
corrode  the  metal  stopper,  the  latter  is  coated  with  gold  or  plattoum. 

Honltu  and  Cooper't  PaUitt  InJatand. — He  peculiari^  in  this  invention 
consists  ui  the  forming  of  convenient  and  pettectlv  air-tight  stoppers,  in  a 
•ubetance  not  liable  to  corrode.  It  is  effected  by  bringing  into  contact  two 
circular  discs  of  glass,  the  flat  surfaces  of  which  bemg  ground  to  true  plane^ 
are  opposed  to  each  other  and  united  by  a  central  pivot,  rivetted  to  a  bar  of 
metal  fixed  above  tbem,  across  the  mouth  of  the  veasel.  Each  plate  has  an 
'aperture  of  proper  dimentiont  for  dipping  the  pen,  and  the  upper  plate  ia 
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prorided  vith  t«ti  prcgectiDg  atnds,  at  eqnal  dUtancea  Inun  the  central  pirctl. 
The  thumb  Bad  fore  ftneer  being  applied  to  these  ttro  ituda,  the  upper  diic  m 
e^Sy  turned  either  to  the  right  or  left ;  one  w»f  brtngi  the  apertures  opposite 
to  each  other,  which  opna  the  inkttand,  and  being  mored  the  other  way,  the 
nnperforated  part  of  the  npper  disc  b  tlided  orer  the  itationaij  apertnre  of  the 


lover,  and  perfectly  closes 
rubbing  sjilin-es  are  ali^htlj  oiled, 
which  render*  the  moLon  smooth 
and  etsj,  and  the  sealing  perfect. 
Fy,  I,  ^otda  a  perspectjve  view 
of  an  inkstand  of  this  kind,  mode 
of  Tery  thick  cut  glasi;  the  discs 
or  stoppers  of  which  are  lur- 
roundtd  by  a  metallic  ring,  and 
kept  down  in  their  places  bj  an 
horizontal  metallic  bar,  into  which 
the  pivot  of  the  discs  ia  fitted-  In 
this  figure  it  will  be  perceived  that 
the  inkstand  U  ihu^  the  aperture 
in  the  upper  plate  being  over  the 
unperforatedpartof  thelower.  On 
turning  the  ituds  a  quarter  round, 
they  are  stopped  by  striking  against 
the  cnias  bar,  when  ths  two  boles 
coincide,  (as  shown  in  the  annexed 
sections),  by  which  the  inkstand  is 
opened.  Underneath  the  bat  (which 
is  shown  by  a  transverse  section)  a 
■teel  spring  is  fiied,which  keep*  the 
disc*  in  close  yet  easy  contact.  Tha 
advantage  of  this  contrivance  con- 
sist* in  the  facility  and  espe^tion 
with  which  the  inkstand  may  be 
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led  and  doted  air  tight,  the  simplicity  of 


if  prepanng 
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certain  fruits,  drugs,  &e.  by  e: 


them  acid ;  as  is  done  in  figs,  raisins,  vinegar,  and  many  other  products. 

INTAGLIOS.  Precious  itones,  on  which  are  engraved  the  heads  of  eminent 
men,  such  as  are  usually  set  in  seals,  rings,  &c. 

INTEGER,  in  Arithmetic,  signifies  a  whole  number,  in  contradittinctiui  to 
a  fraction. 

INTEGRAL,  in  Philosophy,  is  an  appellation  given  to  parts  of  bodies  which 
are  of  a  nmilar  nature  to  the  whole. 

INTEGRAL  CALCtJLUS  is  the  reverse  of  the  differential  cslculut,  and  is 
the  finding  of  the  integral  from  a  given  difibrential,  and  correspond*  with  the 
inverse  method  of  fluxions. 

INTERMEDIATES.  A  term  made  n*e  of  in  Chemiitry  in  relation  to  affi- 
nity ;  thus,  oO  has  no  affinity  to  water  unless  it  be  previously  oombined  with  an 
alkali ;  it  then  becomes  soap,  and  the  alkali  is  said  to  be  the  uitermedium  whi^ 
causes  the  union. 

INTRADOS.     The  internal  curve  of  the  arch  of  a  bridge. 

INVERSE  PROPORTION,  on  IxvEasa  Ratio,  in  Philosophy,  is  that  In 
which  more  requires  less,  or  less  require*  more.  Thus  in  ths  case  of  light  and 
heat  flowing  from  a  lumboiis  body,  the  light  and  beat  are  less  at  a  greater  d^ 
ance  and  greater  at  a  less  distance. 

IODINE  AHD  IODIC  ACID.  Iodine  is  a  peculiar  and  compounded  prin- 
vciple ;  it  was  discovered  in  Paris  in  1811  by  M.  Courtoia,  a  saltpetre  maoufao- 
turer,  who  observed  a  rapid  corrosion  of  his  vessels  in  his  proceMes  for  obtaining 
soda  from  the  ashes  of  sea  weeds ;  and  in  learchtng  for  ibe  cause  of  the  conxr- 
aion,  he  made  the  discovery  of  this  important  lubtlance.    It  U  from  m  weed* 
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4klone  that  iodine  can  be  obtained ;  it  has  not  yet  been  decomposed ;  it  is  of  .a 
^eyish-black  colour,  and  metallic  lustre ;  soft  and  friable  to  the  touch ;  taste 
«cnd,  and  a  deadly  poison.  It  gives  a  brown  stain  to  the  skin,  which  speedily 
vanishes  by  evaporation.  The  specific  gravity  of  iodine  at  629y  is  4.948 :  it 
dissolves  in  7,000  parts  of  water,  and  the  solution  is  of  an  orange  yellow  colour, 
«nd  in  small  quantities  tinges  r«w  starch  of  a  purple  hue.  Iodine  is  incom- 
bustible ;  but  with  azote  it  forms  a  detonating  compound,  and  in  combining 
with  several  bodies  it  produces  the  phenomenon  of  combustion.  The  oxide  of 
■odium,  and  the  subcarbonate  of  soda  are  completely  decomposed  by  it.  It  forms 
with  sulphur  a  compound  of  greyish  black,  radiated  like  sufphuret  of  antimony. 
Iodine  and  phosphorus  combine  with  great  rapidity  at  common  temperatures, 
and  produce  heat  without  light.  Hydrogen,  whether  dry  or  moist,  does  not 
seem  to  have  any  action  on  iodine  at  the  ordinary  temperature;  but  if  we 
expose  a  mixture  of  hydrogen  and  iodine  to  a  red  heat  in  a  tube,  they  unite 
together,  and  hydriodic  acid  is  produced,  which  gives  a  reddish  brown  colour 
to  water.  Charcoal  has  no  action  upoti  iodine.  Several  of  the  metals,  as  zinc, 
iron,  tin,  mercury,  attack  it  readily,  even  at  a  low  temperature,  provided  they 
be  in  a  divided  state.  Iron  is  acted  upon  by  iodine  in  the  same  way  as  zinc,  and 
«  brown  iodine  results.  Antimony  presents  with  iodine  the  same  phenomena 
as  tin.  The  iodines  of  lead,  copper,  bismuth,  silver,  and  mercury,  are  insoluble 
in  water ;  this  is  at  least  the  case  with  the  above-mentioned  metals.  There  are 
two  iodines  of  mercury ;  the  one  yellow,  the  other  red ;  both  are  fusible  and 
volatile.  When  iodino  and  oxides  act  upon  each  other  in  contact  with  water, 
its  hydrogen  unites  with  iodine  to  form  hydriodic  acid ;  while  its  oxvgen,  on 
the  other  hand,  produces  with  iodine  iodic  acid.  Iodine  of  mercury  has  been 
proposed  for  a  pigment  Iodine  has  been  most  successfully  applied  medicinally 
tor  reducing  the  goitre  and  glandular  swellings.     See  Ure's  DtcUonary, 

IRIDIl^.  A  new  metal,  to  which  that  name  was  given  by  its  discoverer, 
Mr.  Tennant,  from  the  striking  variety  of  colours  it  affords  whilst  dissolving  in 
muriatic  acid.  On  examining  the  black  powder  left  after  dissolving  platina, 
Mr.  Tennant  found  it  to  contain  two  distinct  metals  never  before  noticed,  which 
he  named  iridium  and  osmium*  Lead  imites  with  iridium  easily,  but  separates 
by  cupellation,  leaving  the  iridium  in  the  cupel  as  a  coarse  black  powder. 
Copper  forms  with  it  a  very  malleable  alloy,  which,  after  cupellation,  with  the 
addition  of  lead,  leaves  a  small  proportion  of  the  iridium,  but  much  less  than 
in  the  preceding  instance.  Silver  forms  with  it  a  perfectly  malleable  compound, 
the  suriace  of  which  is  tarnished  merely  by  cupellation ;  yet  the  iridium  appears 
to  be  diffused  through  it  in  fine  powder  only.  Gold  remains  malleable  and 
little  altered  in  colour,  though  alloyed  witli  a  considerable  proportion ;  nor  is  it 

Xable  either  by  cupellation  or  quartation.  If  the  gold  or  silver  be  dia- 
Jf  the  iridium  is  left  as  a  black  powder. 

IRIS  METAL  ORNAMENTS.  A  patent  was  token  out  a  few  years  ago 
by  Mr.  Barton,  of  the  Mint,  for  a  very  ingenious  method  of  ornamenting 
steel  and  other  metals  with  the  prismatic  colours.  It  is  effected  by  engraving 
with  an  enedne  lines  on  the  surface  of  the  metals  of  extreme  minuteness,  so  as 
to  divide  a  lineal  inch  into  from  2000  to  10,000  equal  parts.  Mr.  Barton  has 
aometimes  proved  the  correctness  and  stobility  of  his  engine,  when  drawing 
lines  2000  in  an  inch,  by  leaving  out  one  line  intentionaily,  then  taking  the 
machine  to  pieces ;  afterwards,  on  putting  it  together  a^ain,  he  has  introduced 
the  omitted  line  in  its  place,  without  causing  it  to  be  distinguishable  from  tha 
rest 

In  applying  the  principle  of  striated  colours  to  ornament  steel,  the  effect  or 
pattern  is  producea  upon  the  polished  surface  by  the  point  of  a  diamond ;  so 
that  either  the  whole,  or  a  part  of  the  surface,  is  covered  with  lines  or  grooves, 
whose  distance  may  vary  from  the  one-thousandth  to  the  ten-thousandth  of  an 
inch.  When  these  lines  are  most  distant,  the  prismatic  images  of  any  luminous 
body,  seen  by  reflection  from  the  polished  surface,  are  nearest  one  another,  and 
the  common  colourless  image ;  and  when  the  lines  are  least  distont,  the  coloured 
images  are  farthest  from  one  another,  and  the  colours  are  most  vivid.  In  day- 
light the  colours  produced  by  these  minute  grooves  are  scarcely  distinguished, 
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unlets  at  the  boundary  between  a  daik  and  a  luminous  object  In  tkuuf 
lights,  however,  and  particularly  in  that  of  the  sun,  the  colours  shine  with  ex- 
traordinary brilliancy,  and  the  play  of  tints  which  accompany  every  luminoui 
image  can  only  be  equalled  by  their  matchless  exhibition  in  the  reflections  of 
the  diamond.  Steel  ayes  are  engraved  in  this  manner,  from  which  impresaoni 
are  afterwards  taken  for  the  fahncation  of  various  articles,  in  which  the  dedgn 
of  the  original  is  very  faithfiilly  transferred. 

IRON.  A  metal  of  a  bluish-white  colour,  of  great  hardness  and  elasticity; 
yeiy  malleable,  and  exceedingly  tenacious  and  ductile.  It  is  the  most  abondsnt, 
the  most  important,  and  the  most  valuable  of  all  the  metals.  Although  a  simple 
undecompounded  substance,  it  is  not  naturally  found  in  this  state,  except  id 
comparatively  minute  quantities,  but  is  the  product  of  art  Some  specimeni 
of  native  iron,  nearly  pure,  have  been  found  in  Siberia  and  South  America; 
also  many  iron  stones,  rich  in  the  metal,  supposed  to  be  of  volcanic  or 
meteoric  origin,  have  been  found  in  numerous  parts  of  the  earth ;  but  all  the 
iron  of  commerce  is  obtained  by  chemical  means.  Iron  is  so  universally  dif- 
ftised  as  to  form  a  constituent  part  of  almost  all  animal,  vegetable,  and  mineral 
substances.  Unlike  metals  of  inferior  utility,  its  ores  are  not  distributed  in 
thin  veins,  or  scattered  in  minute  particles,  but  are  thickly  stratified  over 
many  thousands  of  square  miles,  chiefly  in  the  northern  regions  of  the  esxtb, 
where  nature  has  been  less  profbse  of  her  other  benefits.  The  use  of  this  metal 
is  of  very  great  antiquity,  though,  on  account  of  the  difficulty  of  separating  it 
from  its  ores,  and  of  working  it,  probably  not  so  remote  as  tne  employment  of 
gold,  silver,  copper,  and  other  comparatively  soft  metals,  which  are  in  manj 
places  found  in  a  pure  metallic  state.  It  is  stated  by  some  writers,  that  iron  h 
mentioned  by  Moses  as  the  material  of  which  knives  and  swords  were  fabri- 
cated ;  and  that  Herodotus  mentions  the  presentation  of  a  saucer,  or  vase  of 
iron,  very  curiously  inlaid,  by  Alyattes,  kmg  of  Lydia,  to  the  Delphic  oracle. 
Later  and  more  erudite  writers  have,  however,  maintained  that  the  words  of 
those  ancient  authors  have  been  most  incorrectly  translated  into  our  langusee; 
and  that  the  working  and  use  of  iron  was  uitknown  at  those  periods.  At  what 
time  the  manufacture  of  iron  was  first  attempted  in  Britain,  cannot  be  precisely 
ascertained,  i  Some  suppose  (for  it  is  in  reality  only  a  probable  conjecture)  tliat 
the  Phcenicians  who  wroueht  the  tin  mines  of  Cornwall,  introduced  into  tbe 
country  men  who  were  skilled  in  metallic  ores,  and  capable  of  estimating  ther 
value,  by  applying  the  minerals  to  such  purposes  as  their  own  necessities  or 
the  wants  of  the  inhabitants  might  require.  Inere  is,  however,  much  evidence 
to  favour  the  belief  that  iron  was  worked  in  this  country  during  the  time  it  was 
in  occupation  by  the  Romans ;  and  that  during  the  establishment  of  the  Danes 
in  England,  the  arts  of  mining  and  manufacturing  the  ores  of  iron  were  mnch 
improved.  It  appears  that  the  manufacture  was  at  that  period  chiefly  directed 
to  the  fabrication  of  maUeabie  iron,  in  what  were  called  fooi-htatU^  of  a  similar 
nature  to  those  still  used  in  remote  uncivilised  countries,  of  which  Dr.  Davy 
has  furnished  us  with  an  example  in  a  Singalese  smelting  house  of  the  present 
day.  The  simplicity  and  cheapness  of  construction  of  this  furnace  is  extremely 
interesting,  as  showing  what  may  be  effected  b^  very  limited  means,  and  that 
the  large  capitals  and  immense  laboratories  employed  by  our  present  iron 
manufacturers,  however  necessary  they  may  be  to  the  production  of  a  large 
quantity  of  the  metal,  are  by  no  means  essential  to  the  production  of  a  good 
quality;  for  it  has  been  generally  remarked,  that  the  ruder  the  method  employed 
in  any  country  for  the  reduction  of  iron,  the  better  the  quality  of  the  metsi  is- 
The  observation  holds  good  in  Ceylon,  and  there  is  obvious  reason  why  it  aboold 
be  correct  Where  the  art  is  little  advanced,  the  most  tractable  ores  are  selected, 
and  charcoal  is  the  fuel  always  used,  circumstances  which  are  alone  sufficient 
to  account  for  the  iron  obtained  being  excellent  Each  ftumace  was,  at  its 
month,  about  1  foot  and  4  inches,  by  8  inches  in  diameter;  about  3 
feet  deep,  and  terminated  in  the  form  of  a  funnel,  over  a  shallow  j^  inclining 
outwards.  They  were  made  in  a  bed  of  clay  about  3  feet  hiffh,  and  3  feet 
wide,  against  which  a  l^ht  wall,  about  10  feet  high,  was  raised  to  protect  die 
bellows  and  operator,  who  was  situated  Immediately  behind.    Each  beUovi 
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Miiii*(«d  of  a  circuUr  rim  of  wood,  about  6  inclie*  in  diameUr,  and  levccly  3 
iaclisa  high,  fixtd  on  ■  clajt  floor,  and  covered  with  moUt  cow-hid« ;  in  the 
oBUtre  of  which  iru  a  hole  to  admit  air,  and  to  receive  a  crou  iti'ck,  to  which 
a  cord  wai  attached  that  waa  faateued  above  to  an  elatlic  ilick.  Each  pair  of 
beltows  was  worked  by  a  boy,  who  reited  bis  bock  uainat  a  rope  for  the  pui^ 
pote  of  eupport,  and  stepped  alternately  from  the  oriSce  of  one  bellowe  on  to 
that  of  the  other,  at  eacli  step  forcing  a  blast  of  air  into  the  furnace  through  ■ 

_-_ __. 
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tube  of  bamboo.  The  furnaces  were  charged  «ilh  a  mistnre  of  in»  m^ 
broken  into  small  pieces,  and  charcoal.  The  fiiea  wer«  kept  up  ai  strong  aa 
ponible  till  the  ore  wat  reduced,  and  tho  fuaed  metal  collected  in  a  cake  in  tha 

At  the  ttme  when  foot-blasti  were  used  forseparating  the  metal,  the  art  of  eaating 
iron  wai  either  altogether  unknown,  or  in  a  state  that  it  could  not  be  prosecuted 
with  advantage.  In  the  reign  of  Bliiabeth,  blast  fiimaces  were  of  a  nifficient 
tiie  to  produce,  with  ores  and  the  charooal  of  wood,  from  two  to  three  toni  of 
pig-iron  per  day,  or  from  fifteen  to  twenty  tons  per  week.  It  wai  only,  how- 
ever, in  the  mmt  favourable  situations  Ibr  obtaining  water-power  that  such 
great  product*  vera  obtained,  and  the  greatest  proportion  of  it  wae  converted 
into  bat^iron  by  means  of  the  refinery  lire;  but  in  many  of  the  small  works 
the  iron  wa*  "  matured,"  that  is,  made  malleable,  before  it  was  drawn  from  tha 
ftimace.  Wood,  however,  becoming  scarce,  or  being  engroued  by  the  greet 
manufacturers,  induced  several  ent:rpriiing  individual*  to  attempt  the  *ubn^ 
tution  of  pit  coal  for  making  pig-iron.  Mr.  Simon  Sturtevant,  1613,  had  a 
patent  granted  to  him,  for  thirty-one  year*,  tor  that  purpoae.  By  the  term*  of 
nil  patent  he  wa*  bound  to  poblish  the  nature  and  tvoce**  of  bis  invention, 
which  he  did,  in  a  quarto  boolc,  entitled  Hfetaliiea;  tliis  book,  Mr.  Grt^  says, 
does  not  contain  a  particle  of  uaefhl  knowledge,  but  that  it  i*  an  extremely 
curious  specimen  of  the  nedantry  usual  in  James's  reign.  Sturtevant  failed  in 
executing  his  propoaed  plant,  and  wai  obliged,  the  following  year,  to  render  up 
his  letters  patent,  or  monopoly.  John  Ravenson,  Esq.  succeeded  Sturtevant  in 
1613,  had  a  patent  granted  to  him,  wrote  hie  book,  entitled  "A  Trtatat  tf 
Met^ka,  but  nof  thai  wWeA  wot  pMakttt  6*  Mr.  Simon  StarlmawL"  Revenson 
state*,  that  at  that  time  an  iron  work  usually  required  Irom  lOOOJ.  to  ISOtU.  to 
*et  it  a-going,  but  that  on  hi*  plan  a  capital  of  IWA.  wa*  fuUy  adequate  to 
commence  a  work.  The  fttrnace  itself  was  to  cost  but  1(U.  except  the  stone*, 
Mich  furnace  being  capable  of  producing  a  ton  of  sow  iron  from  each  ton  of  pit 
coal.  This  man,  however,  failed  in  his  attempt*  to  prove  the  cortectneai  of  hi* 
statements,  and  resigned  hi*  patent.  Several  other  unfortunate  adventurer* 
followed  Ravenion  in  succession,  who  alao  obtained  patents,  foiled  in  their 
tmdertakinga,  and  resigned  their  privilege*.  It  ia  a  *iagiilar  fhcl,  that  although 
pit  coal  wa*  known  long  before  this  period,  and  grMt  qnantitie*  of  it  were 
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txported  to  Holland  and  the  Low  Countries,  where  it  was  used  in  the  tmitb'e 
forge,  and  in  other  manufactories  that  require  a  strong  continued  heat ;  yet  ia 
England  the  prejudice  against  its  use  in  the  manufacture  of  cast  iron  was  so 
inveterate,  that  when  it  was  fint  proposed  and  attempted,  every  ohstade  that 
could  be  devised  was  thrown  in  its  way,  and  none  of  the  adventurers  succeeded, 
until  the  year  1619,  when  Dudley  had  a  patent,  and  manufactured  pie^iron  in 
a  blast  furnace,  but  produced  onfv  three  tons  in  a  week.  He  became,  however, 
the  object  of  jealousy  to  the  other  manufacturers,  who  contrived  to  get  his 
patent  limited  from  thirty-one  to  fourteen  years,  and  his  devoted  works  were 
destroyed  by  a  lawless  mob,  urged,  it  is  supposed,  by  his  rivals  in  business. 
Soon  after  this,  Captain  Buck,  Major  Wildman,  and  some  others,  constructed 
air  furnaces  in  the  forest  of  Dean,  in  which  thev  placed  large  clay  pots  (similar 
to  those  used  in  glass-houses)  for  containing  the  requisite  preparations  of  ore 
and  charcoal,  the  flame  of  pit  coal  being  employed  for  heating  the  furnaces ; 
and  it  was  expected,  that  by  tapping  the  pots  beiow,  the  separated  material 
would  flow  out.    But  the  heat  was  not  sufficiently  intense  to  produce  an  entire 
separation  of  the  metal,  the  pots  cracked,  and  the  scheme  was  abandoned.   At 
this  time  iron  was  advancing,  in  consequence  of  many  of  the  iron  works  having 
stopped  for  want  of  fuel.    To  those  manufacturers,  therefore,  who  could  still 
be  nimished  with  a  supply  of  wood,  the  manufacture  was  highly  profitable, 
and  they  obstinately  opposed  any  new  attempt  by  which  the  price  of  iron 
might  be  diminished.    It  was  not  till  impelled  by  necessity,  arising  fipom  the 
rapid  decline  of  the  annual  growth  of  timber,  that  pit  coal  became  an  object 
of  universal  estimation.     In  this  feeling  the  Hon.  Robert  Boyle  seema  to  l»ve 
participated,  for  in  his  Uisfuineu  of  Natural  Philosophiff  published  in  1663,  he 
expresses  a  desire  that  some  method  could  be  found  to  make  coke  without  the 
use  of  pots  employed  for  that  purpose,  in  order  that  it  might  be  applied  to  the 
smelting  of  iron  ores.     Two  years  after  this,  Dudley  (according  to  Mr.  Gray) 
wrote  his  MetaUum  Martitf  in  which  he  states,  that  nis  father  and  himself  had 
■melted  iron  with  coke  in  large  quantity,  but  that  Oliver  Cromwell,  and  some 
favourites  of  his,  wishing,  on  a  renewal  of  the  patent,  to  become  partners, 
and  other  political  circumstances,  had  ruined  the  establishment,  which  seems 
never  to  have  been  revived ;   for  even  so  late  as  the  year  1 747,  Mr.  Mason 
says,  in  the  Phiiotophieal  Transactions,  that  several  attempts  have  been  made 
to  melt  iron  ore  with  pit  coal,  but  he  thinks  it  had  not  then  succeeded  any 
where,   as  no  account  of  its  being  practised  had  been  published,   but  that 
Mr.  Ford  did,  however,  then  make  pig  iron,  brittle  or  tough,  as  he  pleased, 
from  iron  and  coal,    both  of   which  were    procured   on    the   same    spot 
The  brittle  or  inferior  quality  of  English  bar  iron,  made_  from  coke  at  this 
period,  and  the  great  expense  of  that  which  was  made  from  charcoal,  owing  to 
the  increasing  scarcity  of  wood,  was  most  likely  the  cause  of  the  great  de<£ne 
in  the  home  manufacture  of  iron  which  then  took  place ;  recourse  having  been 
had  to  Sweden  and  Russia  for  a  supply,  the  importation  of  which  on  a  great  scale 
at  this  time  commenced.    The  home  manufacture  was,  however,  again  renewed 
by  the  general  introduction  of  the  steam  engine,  which  afforded  the  manufacturer 
the  command  of  a  power  he  had  before  no  conception  of.    The  small  furnaces 
supplied  with  air  from  bellows  worked  by  oxen,  horses,  or  men,  were  given  up ; 
larger  furnaces  were  introduced,  and  blowing  machines,  with  an  increase  of 
the  colunm  of  air  for  exciting  a  more  vivid  combustion.    Tlie  steam  engine 
was  found  particularly  beneficial  in  those  situations  where  there  was  an  abun- 
dance of  minerals  for  making  iron,   but  a  deficiency  of  water  to  supply  the 
power.    Experience  also  soon  taught  the  manufacturer,  that  the  produce  of  his 
furnace  could  be  increased  by  enlarging  the  diameter  of  his  steam  cylinder 
and  rendering  the  vapuum  therein  more  perfect     It  was  soon  found,  uiat  by 
increasing  these  efiects,  a  quantity  of  pig-iron  could  be  produced  from  the  coke 
of  pit  coal,  which  would  be  attended  with  an  adequate  profit     Owing  to  the 
small  quantity  of  air  necessary  to  ignite,  and  preserve  the  required  heat  in  a 
charcoal  furnace,  the  manufacturers  very  cautiously  enlarged  tne  dimensions  of 
their  blowing  apparatus  in  applying  it  to  coke ;    consequently  much  of  the 
advantage  resulting  from  a  great  blast  (which  is  now  extended  to  about  4000 
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iSubic  feet  of  air  per  minute)  was  lost  These  difficulties  were,  however, 
gradually  surmounted,  and  it  appears,  that  before  the  year  1760,  the  coke  of 
pit  coal  was  in  general  use  for  blast  furnaces.  The  iron  trade  assumed  new 
vigour,  and  made  most  rapid  progress,  as  will  appear  from  the  following  state- 
ment of  the  total  quantity  of  iron  made  in  Great  Britain  between  the  years 
1740  and  1827.  Since  the  latter  period,  the  manufacture  and  trade  has  been 
on  the  increase,  notwithstanding  the  price  has  advanced. 

In  the  year  1740,    17,000  tons  were  made  from  59  furnaces. 
„         1788,    68,000  tons  „  121      „ 

„         1796,  125,000  tons  „  —      „ 

„         1806,  250,000  tons  „  —      „ 

„         1820,  400,000  tons  „  —      „ 

„         1827,  690,000  tons  „  284      „ 

Of  which  latter  quantity  there  were  produced — 

By  Staffordshire  ....  216,000  tons  from  95  furnaces. 

By  Shropshire     ....     78,000  „  31 

By  South  Wales      .     .     .  272,000  „  90 

By  North  Wales      .     .     .     24,000  „  12 

By  Yorkshire      ....    43,000  „  24 

By  Derbyshire    ....     20,500  „  14 

By  Scotland 36,500  „  18 


II 
II 
II 


Total   ....  690,000        „       284 
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In  the  foregoing  statement,  several  furnaces  in  Gloucestershire,  Cheshire,  and 
other  places  are  omitted,  which  will  render  the  produce  in  round  numbers 
700,000  tons.  About  three-tenths  of  this  quantity  are  of  a  quality  suitable  to 
the  foundry,  which  is  all  used  in  Great  Britain  and  Ireland,  with  the  exception 
of  a  small  quantity  exported  to  France  and  America.  The  other  seven-tenths 
are  made  into  bars,  rods,  sheets,  wire,  &c.,  of  which  a  large  quantity  is  exported 
to  all  parts  of  the  world.  Having  thus  given  a  brief  historical  sketch  of  the 
rise  and  progress  of  this  interesting  and  useful  manufacture,  we  proceed  to  lay 
before  our  readers  a  concise  account  of  the  process  by  which  iron  is  obtained 
from  its  ores,  and  brought  into  a  crude  or  pure  state,  adapted  to  the  wants  of 
mechanics,  or  to  the  various  uses  to  which  it  is  applied. 

Making  of  Coke, — ^The  first  operation  is  the  preparation  of  the  coal,  to  reduce 
it  to  the  state  of  coke,  which  is  accomplished  either  in  kilns,  or  in  the  open  air. 
The  latter  plan  has  been,  and  is  still,  the  most  extensively  adopted ;  we  shall 
therefore  describe  it  the  first  An  oblong  square  hearth  is  prepared,  by  heating 
the  earth  to  a  firm  flat  surface,  and  paddlmg  it  over  with  clay.    On  this  the 

{>ieces  of  coal  are  piled  up,  inclining  toward  one  another ;  and  those  of  the 
ower  strata  are  set  upon  their  acutest  angle,  so  as  to  touch  the  ground  with 
the  least  surface  possible.  The  piles  are  usuaUy  from  30  to  50  mches  hishy 
from  9  to  16  feet  broad,  and  contain  from  40  to  100  tons  of  coaL  A  number 
of  vents  are  left,  reaching  from  top  to  bottom,  into  which  the  burning  fuel  is 
thrown ;  and  thev  are  then  immediately  closed  with  small  pieces  of  coal  beaten 
hard  in.  Thus  the  kindled  fire  is  forced  to  creep  along  the  bottom,  and  when 
that  of  all  the  vents  is  united,  it  rises  gradually,  and  bursts  out  on  every  side  at 
once.  If  the  coal  contain  pyrites,  the  combustion  is  allowed  to  continue  a  con- 
siderable time  after  the  disappearance  of  the  smoke,  to  extricate  the  sulphur, 
part  of  which  will  be  found  m  flowers  on  the  surface.  If  it  contain  none, 
the  fire  is  covered  up  soon  after  the  smoke  disappears,  beginning  at  the 
bottom  and  proceeding  gradually  to  the  top.  In  50,  60,  or  70  hours,  the 
fire  is  in  general  completely  covered  with  ashes  of  char,  formerly  made,  and 
in  twelve  or  fourteen  days  the  coke  may  be  removed  for  use.  In  this  way  a 
ton  of  ordinary  bituminous  coal  commonly  produces  firom  700  to  1,100  lbs  of 
coke. 

Coke  and  Tar  Worh, — The  annoyance  attending  this  process  by  the  evolution 
of  the  immense  quantities  of  smoke  from  the  ignited  matter,  besides  the  entire 
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waste  of  the  volatile  prodnctty  induced  Lord  Dundonald,  many  jaan  aiaet,  to 
cany  into  effect  a  plan  for  preventine  the  former,  and  saving  the  latter.  One 
of  tnese  tar  work^  as  they  were  ciQled,  was  erected  at  Mr.  Wilkinson's  grett 
works  at  Bradley,  another  at  Tipton,  and  a  third  at  the  Level  CoUiery  and 
iron  works  unon  Dudley-wood.  Being  erected  in  the  vicinity  of  large  iroa 
and  coal  works,  the  iron  masters  furnished  the  tar  works  with  raw  omI,  sod 
received  in  return  the  cokes  produced  by  such  coal,  the  proprietors  being  com* 
pensated  by  the  volatile  producto,  vis.  tar,  pitch,  varnish,  and  ammonia. 

Coke  Kwu, — ^The  last  described  process  of  making  cokes,  is  now  bebg 
superseded  in  many  places,  particularly  in  the  neighbourhood  of  Sheffield,  bj 
the  employment  of  kilns  made  of  bricks,  of  a  hemispherical  form,  about  ten 
feet  diameter  at  the  base,  and  about  two  feet  at  the  top,  where  a  circular  opening 
is  left  for  the  introduction  of  the  coal.  The  manner  of  working  these  ovens  a 
thus  described  by  Mr.  Parker : — **  When  these  ovens  are  once  heated,  the  work 
goes  on  night  and  day  without  interruption,  and  without  any  further  expense 
of  fuel.  It  is  conducted  thus :  small  renase  coal  is  thrown  in  at  the  circular 
opening  at  the  top,  sufficient  to  fill  the  oven  up  to  the  springing  of  the  srch ; 
it  is  then  levelled  with  an  iron  rake,  and  the  doorway  on  the  side  built  up  with 
loose  bricks.  The  heat  acquired  by  the  oven  in  the  former  operation  is  always 
sufficient  of  itself  to  light  up  the  new  charge,  the  combustion  of  which  is 
accelerated  by  the  atmospheric  air  that  rushes  in  through  the  joints  of  the 
loose  bricks  in  the  doorway.  In  two  or  three  hours  the  combustion  gets  to  such 
a  height,  that  they  find  it  necessary  to  check  the  influx  of  the  air ;  the  door 
way  IS  therefore  now  plastered  up  with  a  mixture  of  wet  soil  and  sand,  except 
the  top  row  of  bricks,  which  is  left  unplastered  all  night  Next  morning,  when 
the  charge  has  been  in  twenty-four  hours,  this  is  completely  closed  uso,  but 
the  chimney  remains  open  till  the  flame  is  gone,  which  is  generally  quite  off  in 
twelve  hours  more.  A  few  loose  stones  are  then  laid  over  the  aperture,  and 
closely  covered  up  with  a  thick  bed  of  sand  or  earth.  All  connexion  with  the 
atmosphere  is  now  cut  off,  and  in  this  situation  the  whole  remains  for  twelve 
hours  to  complete  the  operation.  The  doorway  is  then  opened,  and  the  cokes 
are  raked  into  iron  wheel  barrows,  to  be  carted  away.  The  whole  operation 
takes  up  f<»ty-eight  hours,  and  as  soon  as  the  cokes  are  removed,  the  ovens  an 
again  filled  with  coal  for  another  burning.  About  two  tons  of  coals  are  put  in 
for  each  charge,  and  the  cokes  produced  are  ponderous,  extremely  har^  of  s 
light  grey  colour,  and  shine  with  metallic  lustre;  they  acquire  in  the  furnaces 
an  intense  heat,  and  will  sustain  a  great  burthen  of  iron-stone  and  other 
materials."    When  coke  is  required  to  be  more  of  the  nature  of  charcoal,  the 

Erooess  is  conducted  in  a  different  manner.  The  small  coal  is  thrown  into  a 
iige  reoeptade,  similar  to  a  baker's  oven,  previously  brought  to  a  red  best 
Here  the  door  is  constantly  open,  and  the  heat  of  the  oven  is  sufficient  to 
dissipate  all  the  bitumen  of  the  coals,  the  disengagement  of  which  is  promoted 
by  freouendy  stirring  it  with  a  long  rake.  The  coke  firom  the  ovens,  thou£fa 
made  nrom  the  same  kind  of  coal,  is  very  different  firom  that  produced  by  the 
former  operation,  this  being  intensely  black,  very  porous,  and  as  light  as  pumice 
ftone.  Under  the  article  Liiib-Bubiiimg,  a  drawing  and  description  of  a  patent 
oven  for  making  coke  is  given,  in  which  the  latter  operation  is  made  subservient 
to  the  first  The  mechanical  arrangement  and  process  therein  exhibited,  may  he 
advantageously  applied  to  the  roastine  of  ores  instead  of  lime,  and  die  ooke 
required  for  the  smelting  ftimace  mi^t  be  made  at  the  same  time.  As  we 
have  extended  our  observations  on  the  making  of  coke  from  pit  coal  to  a 
lengUi  which  some  of  our  readers  may  probably  consider  to  be  unsuited  to  its 
real  importance,  we  would  observe,  in  the  language  of  Dr.  Cdquhoun,  that  the 
aubstance  '*  has  beea  the  means  of  advancing  Uie  manufacture  itself  in  this 
country,  to  an  extent  which  ia  unparalleled  in  the  history  of  any  other  countiy  or 
nation.  It  has  now  been  ascertained,  by  lone  experience,  that  there  is  no  other 
liiel  which  ia  so  well  fitted  at  once  to  supply  the  heat  of  the  furnace,  and,  at  the 
same  time,  to  endure  the  powerfiil  blast  which  is  incessantly  forced  upon  it 
It  mmr  now  be  said  to  be  essential  to  our  iron  manulhctiu^  whicb  would, 
indeed,  be  almost  annihilated  were  the  supply  of  it  withdrawn."    Without  it 
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TB  ihoald  be  compeUtd  to  lay  undftr  wood  ii 
fetdle  corn  fi«ldi,  la  order  to  nipply,  at  a 
imperfect  fuel  for  the  ftimace.  But  the  (reuure  of  it  eeemi  to  be  inexbauitible, 
and  not  len  lo  the  metal  for  vrbich  it  is  required,  ai  will  be  leen  upon  reference 
to  the  article  Coal,  wherein  we  hare  given  a  section  of  Bradley  mine,  and  the 
arrangement  of  the  numerous  dlsUnct  strata  cut  through  to  amre  at  the  coal, 
amongst  which  there  occurs  from  thirty  to  forty  feet  thickness  of  iroo-stone, 
before  the  principal  bed  of  coat  ia  arrived  at. 

Rotutiag  /roR^/Drw.— The  ores  of  iron  require  different  treatment  in  the 
•melting  process,  according  to  the  nature  and  extent  of  the  heterogeneou* 
matter  with  which  the  metal  is  combined.  In  all  ores  the  ircMi  is  in  £e  itata 
of  an  oxide,  and  would  require  a  strong  heat  in  contact  with  combustible 
matter  for  their  reduction.  In  most  species,  the  oxide  of  iron  it  combined 
with  a  considerable  proportion  of  earthy  or  stony  matter,  and  they  are  thence 
denominated  iron-stones.  But  besides  the  earthy  matter  and  oxygen,  many  of 
these  contain  sulphur,  arsenic,  and  manganese ;  and  it  is  necessary  that  theiB 
■hould  be  extricated  previously  to  melting,  which  is  effected  by  calcination,  called 
Toattmg.  This  is  usually  done  by  strabfying  the  ore,  broken  into  small  piecef, 
with  small  or  reAiie  pit  coal,  aTia  burning  it  In  great  heaps,  either  in  the  open 
a  kiln  ;  which  dissipates  the  sulphureous,  arsenical,  and  other  volatile 


matters,  leaving  behind  the  earth  and  oxide  of  ii 
brolceo  into  convenient  fragments  for  melting. 
Teagut'i  PoUtU  Boatling  FUmaeet. —  Mr. 
Teague,  of  the  Park  End  Iron  Works,  near 
Calford,  in  Gloucestershire,  took  out  a  patent 
in  1S.12,  for  improvements  in  smelting,  in 
which  he  proposes  to  economise  the  process  of 
roasting  the  ore,  both  as  resuects  the  labour 
and  the  fuel.  Instead  of  maVing  the  calcma 
tion  a  distinct  process,  conducted  in  another 
part  of  the  works,  hs  combines  the  operations 
of  roasting  and  smelting,  which  go  on  simul- 
taneously in  the  same  lumace.  For  this  pur- 
pace  he  constructs  around  the  chimney  shaft, 
near  lo  the  top  or  tunnel-head  of  an  ordinary 
■melting  fiimace,  a  series  of  four  or  more 
small  reverbetstory  furnaces  or  ovens,  each 

Covidedwithachimney,adamperattop  anda 
teral  door,  which  opens  externally.  Through 
these  doon  the  ores  to  be  roasted  are  in 
troduced,  and  deposited  upon  iron  plates, 
which  form  the  bottoms,  and  incline  down 
wards  towards  the  shaft  of  the  smelling  fur- 
nace. Ilie  ascending  body  of  flame  from  the 
latter,  when  at  work,  is  prevented  from  passing 
out  vertically,  as  usual,  by  means  of  a  valve 
or  trap  door,  which  closes  the  orifice  and  the 
■mall  chimneys  to  the  surrounding  revetbera- 
tory  roasting  furnaces  being  opened,  causes 
the  flame  and  heated  matters  to  pass  through 
these,  and  in  their  process  to  impinge  upon 
the  ore,  and  deprive  it  of  its  volatile  com- 
binations, When  the  ores  have  been  thus 
sufficiently  operated  upini,  they  are  thmst 
forward  by  a  proper  tool  Into  the  body  of  the 
■melting  furnace  ;  and  whilst  the  roaating 
furnaces  are  being  recharged,  the  valve  or 
trap  to  the  smelting  shaft  is  opened,  that  the 
flameH  may  take  that  course  instead.  Tliiis 
it  would  appear  that  a  considerable  ianng 


then  easily 
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of  laboar  u  effected,  and  that  all  the  fuel  employed  in  roasting  by  the  ordmuy 
process  is  likewise  saved,  as  the  flame  which  usually  passes  out  of  the  ttmnei- 
nead  to  waste  in  the  air,  is  made  to  calcine  the  ore,  and  this  beine  dis- 
charged into  the  blast  furnace  at  the  high  temperature  it  had  acquired  m  the 
oven,  the  subsequent  fusion  of  it  is  greatly  accelerated.  In  Fig.  1,  on  the 
preceding  page,  is  given  a  vertical  section  of  one  of  these  roasting  ovens,  in 
connexion  with  the  tunnel-head,  a  a  represents  a  portion  of  the  tunnel-hesd, 
or  upper  end  of  the  blast  furnace,  provided  with  a  door  or  valve  &,  resting  on 
a  ledge  at  e  ;  d\%  one  of  the  four  ovens ;  t  the  iron  plate  that  contains  the  ore 
or  '*  mine,"  supplied  through  a  doorway  at  /;  g  the  oven  chimney,  with  iti 
damper  h,  Ftg.  2  exhibits,  on  a  smaller  scale,  a  plan  of  the  whole  building, 
taken  just  above  the  oven  plates,  as  designated  by  the  four  letters  e  ;  the  firai 
compartment  i  of  the  pentagon  being  for  supplying  the  fuel  and  fluxes  into 
the  tunnel  a,  into  which  all  of  the  compartments  directly  lead ;  each  of  these 
are  closed  externally  by  massive  iron  doors,  suspended  to  stout  iron  lever  besms 
to  the  opposite  ends  of  which  are  hung  counterbalancing  weights,  that  enable 
the  worxmen  to  move  them  with  facility.  The  dotted  rectangle  upon  the  plan 
is  designed  to  explain  the  precise  nature  of  the  sectional  view  given  in  Fig.  1. 

Jeferiet*  Coke  and  Iron  Ore  Furnace, — A  patent  for  economizing  the  process 
of  roasting  ores  was,  however,  taken  out  prior  to  the  last-mentioned,  by  Mr.  W. 
Jefieries,  of  Ratcli^  which  was  specified  in  August  1827.  By  thu  plan  the 
roasting  of  the  ore  and  the  forming  of  the  coke  are  performed  together  in  one 
furnace ;  the  process  is  thus  described  in  the  Journal  of  PaUni  Inventumty 
Vol.  II.  p.  66  :  "  The  ore  is  first  broken  by  stampers,  or  crushed  by  rollers, 
until  it  is  reduced  to  such  fragments  as  will  pass  through  a  sieve  of  eight  or  ten 
holes  to  the  square  inch.  After  which,  instead  of  infoducing  the  pulverised 
ore  into  a  roasting  oven  or  furnace,  it  is  incorporated  with  a  sufficient  quantity 
of  small  coalf  and  the  mixture  put  into  a  coxe  oven,  previously  heated  in  the 
usual  way.  Herein  the  ore  is  calcined  by  the  heat  of  tne  coal,  the  latter  being 
thereby  converted  into  coke ;  for  this  purpose  the  door  of  the  oven  ia  left  open 
until  all  the  flame  has  passed  oS^  in  the  ordinary  manner,  when  the  door  is  to 
be  closed,  and  all  access  of  air  prevented.  After  this  the  chai^  is  to  be  with- 
drawn, as  if  it  were  coke  merely,  and,  when  cooled,  broken  down  into  masws 
of  a  proper  size  for  the  smelting  furnace,  into  which  it  is  thrown  ;  the  metsi  is 
here  '  smelted  out '  from  the  coke  with  which  it  was  combined ;  the  coke  serving 
as  the  fuel  to  fuse  and  extract  it" 

Fluxes, — ^The  coke  and  iron-stone  having  been  duly  prepared,  the  next  consideh 
ation  is  the  nature  and  extent  of  the  flux  required  to  sepejate  the  metal  by  fusion 
from  those  of  its  combinations  which  the  previous  process  was  inadequate  to 
perform.  These  difier  in  every  degree  and  form,  according  to  the  nature  of  the 
ore,  and  as  their  consideration  at  length  would  occupy  a  greater  space  than  the 
assigned  limits  of  this  work  will  afibrd,  we  purpose  availing  ourselves  of  a  few 
extracts  from  the  valuable  papers  by  Mr.  David  Mushet,  inserted  in  TUloek't 
PMloiophical  Magazine ;  and  must  refer  those  of  our  readers  who  may  desire 
more  information  to  the  original  source  for  it  "  To  deprive  an  ore  of  its  iron" 
(says  Mr.  Mushet)  "  so  that  no  portion  of  it  shall  escape  in  the  scoric 
unrevived,  two  things  are  indispensable.  First,  the  metal  contained  in  the  ore 
must  be  presented  to  a  portion  of  fuel  sufficient  to  take  up  the  oxygen  of  the 
metal.  Second,  as  this  revivification  goes  on  in  the  manner  of  a  metallic  per^ 
spiration  upon  the  softened  surface  of  the  ore,  another  agent  ought  to  be  present 
to  facilitate  the  separation  by  uniting  with  the  earthy  parts  of  we  ore,  forming 
a  thinly  divided  lava,  no  longer  capable  of  retaining  tne  globules  of  metal,  or 
of  preventing  the  congenial  affinity  of  the  carbonic  principle  from  taking  fiill 
effect  for  the  improvement  of  the  quality  of  the  iron."—"  Experience  has 
shown  that  an  excess  of  any  particular  earth  may  be  corrected  by  applying  one 
opposite  in  its  efiects ;  and  that  the  addition  of  Ume,  in  various  proportions,  is 
found  in  most  cases  to  answer  the  desired  end." — <*  If  the  various  classes  of 
iron  ore  are  fiised  in  contact  with  charcoal,  without  the  addition  of  a  flux  or 
solvent,  the  result  is,  from  calcareous  iron-stone,  alaxger  portion  of  iron  propo^ 
tioned  to  the  intrinsic  richness  of  the  ore,  than  from  argillaceous  iron-stone; 
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and  from  the  latter  a  laiver  produce  of  iron,  than  from  an  ore  whose  chief 
mixture  was  silex ;  the  sconse  produced  from  the  respective  operations  always 
demonstrate,  from  the  colour  and  opacity,  the  probable  quantity  of  iron  which 
still  remains  to  be  taken  up."    There  are  some  calcareous  iron-etone^  which 
contain  lime  almost  sufficient  to  form  the  necessary  scoriae,  the  colour  of  which, 
when  freed  from  the  metal,  possesses  a  considerable  degree  of  transparency. 
When  a  number  of  these  stones  are  used  in  the  blast  furnace,  a  much  less 
quantity  of  calcareous  earths  are  necessary.     It  sometimes  happens  at  iron 
works,  whose  chief  supply  is  derived  from  a  calcareous  field  of  iron-stone,  that 
by  using  a  great  proportion  of  an  individual  ore,  surcharged  with  lime,  th6 
operations  of  the  furnace  are  obstructed,  and  consequences  entailed  fatal  to  the 
interest  of  the  manufacturer.    From  an  excess  of  nure  calcareous  earth  being 
present  in  ^e  fiimace,  the  scoriae,  thick  and  curdled,  becomes  attached  to  the 
aides  and  bottom  of  the  furnace;   the  quantity  hourly  increases,  till  it  has 
accumulated  to  such  a  degree  as  to  intercept  the  ascent  of  the  blast,  and  the 
descent  of  the  materials.    The  remedy  suggested  by  Mr.  Mushet  for  these 
inconveniences,  ie^  reducing  the  quantity  of  Ume  direct,  or  by  an  admixture 
of  clay  or  sand,  whether  combined  with  iron  or  not.    An  excess  of  clay  in  the 
argillaceous  ores  has  the  same  prejudicial  effects  which  have  led  to  their  rejection, 
though  it  has  been  owing  to  improper  application.    The  fusibility  of  lime  and 
clay  individually  is  much  fiAcilitated  by  the  addition  of  sand.     In  all  cases 
where  these  earths  exist  in  excess  in  the  ores,  they  ought  either  to  be  combined 
in  the  blast  furnace  with  siliceous  iron-stone,  or  treated  with  a  lime-stone  con- 
taining a  considerable  portion  of  sand.     When  a  scarcity  of  lime  exists  in  the 
Uast  furnace,  and  a  superior  quantity  of  clay  and  silex  is  combined  with  the 
iron-stones,  the  lava  will  flow  from  the  furnace  comparatively  cold,  tenaceous, 
and  of  a  brown  or  pale  dirty  green  colour,  contdnine  iron ;  when  the  mixture 
is  just,  the  colour  of^  the  scoriae  is  pure  white,  enamelled  with  a  variety  of  blue 
shades,  waving,*circular,  or  formed  in  straight  delicate  lines,  arising  from  a 
peculiar  existing  modification  of  a  minute  portion  of  the  metal    Where  nature 
nas  bestowed  mixtures  productive  of  every  quality  of  crude  iron,  the  proper 
management  of  ores  would  become  simple  and  easy :  just  combinations  super- 
sede the  necessity  of  changing  the  quality  of  the  lime-stone  added  for  a  nux, 
or  of  having  recourse  to  various  qualities  of  it,  in  order  to  assist  or  correct  the 
deficiency  of  the  native  mixture.     Wherever  the  ores  are  of  a  structure  thus 
deficient,  it  then  becomes  the  province  of  the  manufacturer  to  ascertain  the 
mixture  of  the  individual  ores  wnich  compose  his  supply,  and  to  restore  that 
equilibrium  of  parts  by  the  proper  application  of  superadded  earths  which 
experiment  and  observation  have  proved  to  determine  a  certain  quality  of  iron. 
Many  years  ago,  Messrs.  Hill  and  Co.  of  the  Plymouth  works  near  Merthyr, 
took  out  a  patent  for  the  use  of  the  '*  cinder  "  produced  in  the  refining  and 
puddling  operations,  as  a  substitute  for  a  portion  of  mine  in  the  smelting  pro- 
cess.   This  cinder  or  scons  is  an  oxide  or  iron  combined  with  but  little  foreign 
matter,  and  usually  contains  from  50  to  70  per  cent  of  metaL    All  previous 
attempts  to  smelt  it  economically  had  failed.  ^  Messrs.  Hill  and  Co.  mixed  with 
it  such  a  portion  of  argillaceous  matter  as  to  assimilate  it  to  the  natural  ore  of 
their  dlstnct,  and  by  this  combination  succeeded  in  its  perfect  reduction.    The 
patent  was  soon  after  invaded ;  and,  upon  an  action  being  brought  for  infringe- 
ment of  right,  the  defendants  proved  a  prior  application  of  the  process.    The 
patent  was  thereby  quashed,  and  the  iron  masters,  in  consequence,  generally 
adopted  the  process ;  but,  from  injudicious  management,  much  bad  iron  was 
maae,  which  got  it  into  disrepute.    With  proper  care,  and  in  small  proportion, 
the  cinder  is  now  used  advantageously  at  must  of  tlie  iron  works,  in  tne  making 
of  forge-pigs,  under  the  subsequent  process  of  puddling^.     It  is  usual,  in  most 
fiirnaces,  to  make  the  coke  always  a  fixed  quantity,  and  to  proportion  the  iron- 
stone and  the  lime  or  other  flux,  to  the  quantity  of  iron  to  be  made,  and  the 
working  order  of  the  fUmace ;  and  in  proportion  to  the  latter  additions,  the 
furnace  is  said  to  carry  a  greater  or  less  burthen.    Some  furnaces  carry  so 
little  burthen  as  to  produce  only  about  13  tons  per  week,  while  there  are  others 
wluch  yield  as  mucn  as  70  tons  per  week.    In  these  latter,  the  ore  la  in  much 
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mater  prapoHion  to  the  coke  than  Ihs  former,  but  the  product  U  bfeiior. 
The  burthen  is  varied  according  a»  the  iron  it  required  to  pouen  more  or  lew 
carbon ;  thiu  in  makins  No.  1,  or  tmt  iron,  (which  contain*  the  gntttat  pro- 
portion  of  carbon,  the  burthen  mult  be  conuderably  kn  than  that  requiicd  to 
make  len  caiburetted  iron,  or  what  ii  called  white-iron,  or  fergc-pig.  A 
general  idea  of  the  proportion!  of  the  material!  from  an  argillaceoiu  ore,  con- 
taining about  27  per  cent,  of  iron,  with  a  ttrong  carbonaccou*  ooal,  and  a  good 
liraeitone,  coniiitmg  of  iliella,  is  aSbrded  bj  the  opermti<m  of  a  fiinuca  undn 
Mr.  Huihet'i  directum.  The  furnace  woAs  with  a  bright  tuyere,  and  receire* 
from  the  blait  about  2300  cubic  feet  of  air  per  minute,  tarcNvh  a  cticnUr 
•pertura  2|  inehet  in  diameter.  The  quantity  of  calcined  on  Sk  the  mann- 
notuTe  of  good  melting  iron  if  upon  a  par  with  the  coke;  and  forge-p%,  or  the 
leait  carboretted  varie^,  ais  of  coke  t»  teven  of  ore.  The  linM-etcna,  unbunil; 
under  the  tame  drcumMaucc^  ii  to  coke  ai  4  to  1 1 ;  and  for  melting  metal, 
retain!  a  aimilar  ratio. 

StHtlting  /Vimaee. — The  eitenud  figure  of  a  blvt  fiimace  it  that  of  a  Izmt- 
cated  pyramid,  while  ita  interior  form  ha*  been  very  aptly  compared  to  that  of 
«  decanter,  enpportad  upon  a  funnel  In  the  lubordinate  detail*  (f  tbeir  coo- 
atmction,  there  i*  much  variatiDn  by  different  iron  maateia,  which,  howcro^ 
probably  doea  not  euentially  affect  the  retulta.  In  tbe  annexed  eeetionJ 
repreientation  of  one  of  then  great  labontoriei,  we  have  mot  (elected  one  d 


the  latest  mould,  but  one  that  wai  dew^bed  and  found  to  be  very  efBcient  bv  dwt 

Gat  matter  in  metallurgic  operation*,  Mr.  David  Muihet ;  nnoe  which,  we 
ieve  there  have  been  no  improvements  of  eisential  importmee,  except  in  the 
bloning  machineiy,  which  we  ilull  duly  notice,   a  i*  the  regulating  cylinder,  S 
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feet  in  diameter,  and  8  feet  high ;  h  the  floating  piston,  loaded  with  weights  pro- 
portionate to  the  power  of  the  machine ;  e  the  valve  hy  which  the  air  u  patted 
from  the  pumping  cylinder  into  the  regulator;  d  the  aperture  by  which  the  blaat 
is  forced  into  the  furnace;  diameter  of  the  pipes,  18  mches ;  e  the  blowing  or 
pumping  cylinder,  six  feet  diameter,  9  feet  nigh,  7  feet  stroke ;  /  its  piston, 
with  a  view  of  one  of  its  several  valves ;  y  solid  masonry,  on  which  the  reffu- 
lattng  cylinder  rests,  and  to  which  the  flanch  and  tilts  of  the  blowing  cylinder 
are  attached,  h  the  safety-valve  or  cock,  by  the  simple  turning  of  which,  the 
blast  mav  be  admitted  to,  or  shut  off  from  the  furnace,  and  passed  off  to  a 
collateral  tube  in  the  opposite  side,  t  the  tuyere,  by  which  the  blast  enters  the 
furnace.  The  end  of  the  tapered  pipe,  which  approaches  the  tuyere,  receives 
small  pipes  of  various  diameters,  from  2  to  3  incnes,  called  nose  pipes,  which 
are  apphed  at  pleasure,  according  to  the  strength  of  the  blast  required,  k  is 
the  bottom  of  tne  hearth,  2  feet  square ;  /  the  top  of  the  hearth,  2  feet  6  inches 
square;  k  I  the  height  of  the  hearth,  6  feet  6  inches ;  /  is  also  the  bottom  of 
the  boshes,  which  here  terminate,  of  the  same  size  as  the  top  of  the  hearth, 
only  the  former  are  round  and  the  latter  are  square,    m  the  top  of  the  boshes, 

12  feet  in  diameter,  and  8  feet  high ;  it  the  top  of  the  furnace,  3  feet  diameter, 
at  which  the  materials  are  charged ;  m  ft  the  mtemal  cavity  of  the  furnace  of 
the  top  of  the  boshes  upwards,  30  feet  high,  n  k^  total  height  of  the  internal 
parts  of  the  furnace,  44§  feet ;  o  o  the  lining,  which  is  built  with  fire  bricks, 

13  inches  long  by  3  thick,  in  the  nicest  manner;  pptL  vacancnr  left  all  round  the 
outside  of  the  first  lining,  3  inches  wide,  which  is  rammed  full  of  coke  dust,  this 
space  being  left  for  the  expansion  of  the  materials  by  heat ;  gq  b,  second  lining, 
similar  to  the  first;  r  a  cast  iron  lintel,  in  which  the  bottom  of  the  arch  r  •  is 
supported^this  arch  is  14  feet  high  on  the  outside,  and  18  feet  wide ;  o«  the 
extremes  of  the  hearth,  10  feet  square.  Fiff,  2  represents  a  plan  of  the  foun* 
dation  of  the  furnace ;  a  a  are  the  bottom  stones  of  the  hearth ;  h  stratum  of 
bedding  sand ;  c  e  passages  for  the  escape  of  vapour ;  d  d  pillars  of  brick ;  these 
parts,  in  the  dotted  elevation,  are  inaicated  by  similar  letters  of  reference. 
The  subjoined,  /%r.  3,  affords  an  horisontal  section  of  pig.  3. 

the  diameter  of  the  boshes,  the  linings  and  vacancy 
being  indicated  by  similar  letters  of  reference  to  those 
in  the  elevation.  Fiff,  4  exhibits  a  vertical  side  section 
of  the  hearth  and  boshes,  showing  the  tymp  and  dam- 
stones,  and  the  tymp  and  dam-plates.  a  the  tymp- 
stone ;  b  the  tymp-plate,  wedged  nrmly  to  the  stone,  to 
hold  it  in  case  or  splitting  by  the  heat ;  c,  dam-stone, 
which  occupies  the  whole  breadth  of  the  bottom  of  the 
hearth,  excepting  about  six  inches,  which,  when  the 
furnace  is  at  work,  is  filled  every  cast  with  strong  sand. 
This  stone  is  surmounted  by  an  iron  plate  of  great 
thickness,  called  the  dam-plate,  the  top  of  which  is 
about  3  inches  below  the  tuyere  hole.  Tlie  space  be- 
tween the  bottom  of  the  tymp  and  the  dotted  line  is 
rammed  full  of  strong  sand  or  fine  clay,  called  the  tymp 
stopping,  which  prevents  any  part  of  the  blast  being 
wasted.  The  square  of  the  base  of  this  blast  fur- 
nace is  38  feet;  the  height  fW>m  the  fidse  bottom  to  the  top  of  the  crater, 
55  feet 

Mode  of  workmp  /vfnace.—When  the  furnace  is  finished,  the  bottom  and 
sides  of  it  for  2  feet  up  the  square  funnel,  receive  a  linlne  of  common  bricks 
upon  edge,  to  prevent  the  stone  from  shivering  or  mouldering  when  the  fire 
comes  in  contact  with  it.  On  the  front  of  the  furnace  is  erected  a  temporary 
fire-place,  about  4  feet  long,  into  the  bottom  of  which  are  laid  corresponding 
bars.  The  side  walls  are  made  so  high  as  to  reach  the  under  surface  of  the 
tymp-stone.  A  fire  being  kindled  upon  the  bars,  the  whole  cavity  of  the  fur- 
nace serves  as  a  chimney ;  the  draugnt  and  heat  is  therefore  considerable.  In 
the  course  of  three  weeks,  the  furnace  is  freed  from  damp,  and  ready  fo 
receive  the  materials;  the  fire-place  is  then  removed,  but  the  interior  brick 
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ImiDg  ranuni  tOl  the  operation  of  blowing  commences.    Some  looie  feel  is 
then  thrown  upon  the  bottom  of  the  fiimace,  and  a  few  baaketa  of  coke,  wbicb 
are  allowed  to  become  thoroaghlv  ignited  b^ore  more  are  adckd,  and  the  for* 
nace  is  then  gradually  filled.    The  furnace  represented  is  capable  of  holding 
99,000  lbs.  of  coke,  equivalent  to  I98,000lbs.  of  coal.    This  quantity  of  mate- 
rials is  continually  burning  for  several  years  together,  without  intermiision !  A 
renewal  of  the  total  quantity  occurs  about  every  third  day.  There  are^  neverthe- 
less, still  larger  furnaces  in  Wales.    Tlie  first  chaiges  which  a  fhmaoe  recei? es 
contain  but  a  small  proportion  of  iron-stone  compared  fo  the  weight  of  the 
coke,  which  is  afterwards  increased  to  a  full  burden.    The  descent  tf  the  bur- 
den is  facilitated  by  opening  the  furnace  below,  two  or  three  times  a  day,  throwing 
out  the  cold  cinders,  and  admitting,  for  an  hour  at  a  time,  a  firesh  body  of  sir. 
This  operation  is  repeated  till  the  approach  of  the  iron-stone  and  dnder,  which  ii 
always  announced  dv  a  partial  fusion,  and  the  dropping  of  lava  thioqrii  the 
iron  barB,  introduced  to  support  the  incumbent  materials  whfle  those  m  the 
bottom  are  carried  away.    The  filling  above  is  recularly  continued;  and  when 
the  furnace  at  the  top  has  acquired  a  considerable  degree  of  heat,  it  is  then 
judged  time  to  introduce  the  blast ;  the  preparations  of  which  are  the  follow- 
ing :— >The  dam-stone  is  laid  in  its  place  firmly  imbedded  on  fire-clay ;  the 
dam-plate  is  again  imbedded  in  this  with  the  same  cement,  and  is  subject  to  the 
same  inclination.    On  the  top  of  this  plate  is  a  slight  depression,  of  a  curred 
form,  towards  that  side  farthest  from  tne  blast,  for  the  purpose  of  concentrating 
the  scorise,  and  allowing  it  to  flow  off  in  a  continued  stream,  as  it  tends  to  ma- 
mount  the  level  of  the  dam.    From  this  notch  to  the  level  of  the  floor  a  decli- 
vity of  brick-work  is  erected,  down  which  the  sconae  of  the  fiimace  flows  in 
large  quantities.    The  opening  betwixt  the  dam  and  aide  walls  of  the  fumsee, 
caUed  thefatild,  is  then  built  up  with  sand,  the  loose  bricks  are  removed,  and 
the  furnace  bottom  is  covered  with  powdered  lime  or  charcoal  dust    llie 
\gnited  cokes  are  now  allowed  to  fall  down,  and  are  brought  forward  with 
iron  bars,  nearly  to  a  level  with  the  dam.    The  space  between  the  sorftee  of 
the  cokes  and  the  bottom  of  the  tjrmp-plate  is  next  rammed  hard  with  stroog 
binding  sands ;  and  these  cokes,  which  are  exposed  on  the  outside^  are  covered 
with  coke  dust    These  precautions  being  taken,  the  tuyere  hole  is  tba 
opened  and  lined  with  a  soft  mixture  of  clav  and  loam ;  the  blast  is  commonly  in- 
troduced into  the  furnace,  at  first  with  a  small  discharging  pipe,  which  is  afterwards 
increased  as  occasion  may  require.     In  two  hours  afler  blowing,  a  consideraUe 
quantity  of  lava  is  accumulated ;  iron  bars  are  then  introduced,  and  perforations 
made  in  the  compressed  matter  at  the  bottom  of  the  furnace ;  the  lava  is  ad- 
mitted to  all  parts  of  the  hearth,  and  soon  thoroughly  heats  and  glases  the  snr 
faces  of  the  fire-stone.    Shortly  af^r  this  it  rises  to  a  level  with  the  notch  in  the' 
dam-plate,  and  by  its  own  accumulation,  together  with  the  forcible  action  of  the 
blast,  it  flows  over.     Its  colour  is  at  first  black ;  its  fittcture  dense,  and  i&j 
ponderous ;  the  form  it  assumes  in  running  off^is  flat  and  branched*  sometimes 
m  long  streams,  and  at  other  times  less  extensive.   If  the  preparation  has  been 
well  conducted,  the  colour  of  the  cinder  soon  changes  to  wnite ;  and  the  metal, 
which  is  in  the  state  of  an  oxide  formerly  coloured,  will  be  left  in  a  disengaged 
state  in  the  furnace.    When  the  metal  has  risen  to  nearly  a  level  wiui  the 
dam,  it  is  then  let  out  by  cutting  away  the  hardened  loom  of  the  fauld,  and 
conveyed  by  a  channel  made  in  sand  to  its  proper  destination ;  the  prindpsl 
channel,  or  runner,  is  called  the  tow,  the  lateral  moulds  aro  called  the  11191; 
hence  the  napie  of  the  raw  commercial  article,  "  pig-iron,"  of  which  man/ 
hundred  thousands  of  tons  are  annually  made. 

Phenomena  attending  the  production  of  the  different  quaUtiee  ef  Pig-meUi.'^ 
When  fine  (No.  1,)  or  super-carbonated  crude  iron  is  Tun  fi^m  the  ftmnace,  the 
stream  of  metal,  as  it  issues  from  the  fauld,  throws  off  an  infinite  number  of 
brilliant  sparkles  of  carbon.  The  surface  is  covered  with  a  fluid  pellicle  of 
carburet  of  iron,  which,  as  it  flows,  rears  itself  up  in  the  most  delicate  folds; 
at  first  the  fluid  metal  appears  like  a  dense  ponderous  stream,  but  as  the  coUs- 
•teral  moulds  become  filled,  it  exhibits  a  general  rapid  motion,  from  the  surface 
of  the  pigs  to  the  centre  of  many  points.    Millions  of  the  finest  undulations 


IRON.  761 

wove  upon  each  mould,  displaying  die  creatett  nicety|and  rapidity  of  movement, 
conjoined  with  an  uncommonly  heautiful  Tarie^atiou  of  colour,  which  language 
is  inadequate  justly  to  describe.  Such  metal,  in  quantity,  will  remain  fluid  for 
twenty  minutes  after  it  has  run  from  the  fiumace,  and,  when  cold,  will  have  its 
surface  covered  with  beautiful  carburet  of  iron,  already  mentioned,  of  an 
uncommonly  rich  and  beautiful  appearance.  When  the  surface  of  the  metal 
is  not  carburetted,  it  is  smooth,  like  forged  iron,  and  always  convex.  In  this 
state  iron  is  too  rich  for  melting  without  the  addition  of  coarse  metal,  and  is 
unfit  to  be  used  in  a  cupola  furnace  for  making  fine  castings,  where  thinness 
and  a  good  skin  are  requisite,  ' 

No.  4,  or  oxygenated  crude  iron,  when  issuing  from  the  blast  furnace,  throws 
off  from  all  parts  of  the  fluid  surface  a  vast  number  of  metallic  sparks,  and, 
while  running,  it  is  covered  with  waving  flakes  of  an  obscure  smoky  flame, 
accompanied  with  a  hissing  noise.  This  is  a  slight  sketch  of  the  appearances 
of  the  two  extreme  qualities  of  crude  iron,  when  in  a  state  of  flision.  There 
still  remain  two  intermediate  stages  of  quality  to  be  described ;  these  are, 
carbonated,  and  carbo-oxygenated  iron,  that  is^  No.  2  and  No.  3  of  the 
manufacturers. 

No.  2,  or  carbonated  iron,  exhibits,  like  No.  1,  a  beautiful  appearance  in  the 
runner  and  pig.  The  breakings  of  the  fluid,  in  general,  are  less  fine,  the 
agitation  less  delicate,  though  the  division  of  the  fluid  is  equal,  if  not  beyond, 
that  of  the  other. 

No.  3,  or  carbo-oxygenated  iron,  runs  smoothly,  without  any  great  degree  of 
ebullition,  or  disengagement  of  metallic  sparks.    The  partings  upon  its  surface 
are  longer,  and  at  greater  distances  from  each  other  than  in  the  former  varieties ; 
ihe  shape  they  assume  is  either  elliptical,  circular,  or  curved.    In  cooling,  this 
metal  acouires  a  considerable  portion  of  oxide.    An  infallible  criterion  of  the 
quality  of  the  iron  in  the  furnace  is  afforded  by  the  colour  of  the  scoriae  upon 
the  working  bars,  which  are  from  time  to  time  inserted  to  keep  the  furnace  free 
from  lumps,  and  to  bring  forward  the  scoris.  When  No.  1,  or  superHUurbonated 
iron,  is  on  the  hearth,  the  vitriol  crust  upon  the  bars  will  be  of  a  black  colour 
and  smooth  surface,  fiiUy  covered  with  large  and  brilliant  plates  of  plumbago. 
As  die  quality  of  the  metal  approaches  to  No.  2,  (carbonated,)  the  carburet 
upon  the  scorue  decreases  both  m  point  of  quantity  and  size.    When  carbo- 
oxygenated  (No.  3)  is  in  the  furnace,  the  working  liars  are  dways  coated  with 
a  lighter  coloured  scorise  than  when  the  former  varieties  exist;  a  speck  of 
plumbago  is  now  only  found  here  and  there;  and  when  the  quality  of  the  metal 
IS  oxygenated  (No.  4),  not  only  have  the  plates  of  carburet  disappeared,  but  also 
the  crally  colour  on  the  external  surface  of  the  sconce.     It  may  perhaps  be 
proper  here  to  mention,  that  although  for  convenience  the  manufacturer  has, 
from  a  just  estimation  of  the  value  of  the  metal  in  a  subsequent  manufacture, 
affixed  certain  numbers  for  determinate  qualities  of  iron,  yet  it  is  difiicult  to 
say  at  what  degree  of  saturation  of  carbon  each  respective  term  commences ; 
suffice  it  then  to  say,  that  the  two  alterative  principles,  oxygen  and  carbon,  form 
two  distinct  classes— that  in  which  oxygen  predominates,  and  that  in  which 
carbon  predominates. 

Mechanical  arrangemefUs  for  tumphpng  the  tunneUhead  wUh  the  nuUeriakfor 
fusion, — The  mode  of  supplying  the  hme,  coke,  iron-stone,  &c  to  the  crater,  or 
tunnel-head  of  the  furnace,  was  formerly  by  men  carrying  them  in  baskets  up 
an  inclined  plane  or  bridge.  Subsecjuently  small  waggons  or  corves  were  em- 
ployed to  take  the  materials  up  an  inclined  railway  to  the  crater,  by  means 
of  chains  connected  to  the  waggons,  and  passing  round  a  drum  or  rigger, 
actuated  by  the  steam  engine,  or  other  prime  mover.  In  some  instances  the 
weight  of  a  bucket  of  water  descendins  into  a  pit  was  employed  as  the  moving 
force  to  draw  the  loaded  corve  up  to  3ie  top  of  the  furnace,  or  hopper  leading 
into  it ;  where  the  corve,  by  being  provided  with  a  sliding  bottom,  to  which  was 
fixed  a  projecting  bar,  dischargea  its  contents,  by  the  bar  coming  a^nst  an 
obstruction,  which  pushed  the  bottom  away,  when  over  the  disclmrging  hole. 
The  bucket  also,  on  reaching  the  bottom  of  the  pit,  was  discharged  of  its  water, 
through  a  Vflive  in  its  bottom  being  opened  by  coming  in  contact  with  a 
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projeeting  ptn  at  the  bottom  of  the  pit  The  motion  was  then  revened  hv  tk 
superior  weight  of  the  empty  waggon,  causing  it  to  descend  the  inclined  plane, 
and  raise  up  the  empty  bucket  for  a  renewu  of  the  operation,  by  refilling  the 
vessels,  one  with  the  mineral,  and  the  other  with  the  water.  In  some  situstions 
the  mode  of  raising  the  materials  is  by  an  endless  chain  passing  round  two 
riggers,  one  at  each  extremity  of  the  mclined  plane,  the  cnain  canyinff  two 
corses  or  buckets,  one  of  which  is  being  filled  below  whilst  the  other  is  being 
discharged  above,  in  continuous  succession ;  in  a  similar  way  to  tlie  scoops  is 
dredging  and  excavating  machines,  described  under  their  initial  letters. 

Welsh  Smeitwg  Fwmacet. — In  South  Wales  and  other  nountainous  districts 
they  usually  contrive  to  build  their  blast  finrnaces  beside  cliA  or  steep  preci- 
pices, which  are  sometimes  walled  up  artificially  to  render  them  perpendicular, 
so  that  the  tunnel-heads  of  the  furnaces  shall  be  upon  a  level  or  somewbst 
lower  plane  than  the  contiguous  high  ground,  from  which  a  bridge  is  thrown  on 
to  the  top  of  the  solid  masonry,  after  the  manner  expressed  in  the  subjoined 
cut  This  cut  also  gives  the  external  form  of  the  fur- 
nace described  at  page  756,  with  this  diflTerence  merriy, 
that  instead  of  the  open  crater  or  tunnel-head,  this  has 
a  verticid  cylindrical  chimney  of  the  same  internal  area 
as  the  upper  orifice  built  over  it ;  on  one  side  of  which 
there  is  a  doorway  for  charging  the  furnace  with  the 
mine  and  other  materials.  A  parapet  wall  or  iron 
fence  surrounds  the  upper  edge  of  the  square  tower. 
The  dotted  lines  in  the  figure  mdicate  the  form  of  the 
interior  of  the  furnace.  The  coke-hearths  and  the 
mine-kilns,  and  all  other  supplies  to  the  furnace,  are 
sitoated  on  the  high  ground,  so  that  they  can  at  once  be  shot  across  the  bridge 
into  die  tunnel-head.  Various  buildings,  including  the  "  cast-house,"  where  t£e 
metal  is  run  into  pigs  (or  otlier  forms  to  patterns  as  may  be  required)  are  situated 
on  the  lower  level,  and  are  covered  with  roofd. 

AnihracUe  uted  in  Smelting. — Before  closing  our  account  of  the  smelting 
idepartment  of  the  iron  manufacture,  we  think  it  right  to  call  the  attention  a 
those  who  are  interested  in  the  iron  trade  to  the  consideration  of  the  practica- 
3)ility  of  employing  anthracite,  or  stone  coal,  in  the  process  of  smelting.  In 
-several  parts  of  Great  Britain  and  Ireland,  but  particulariy  in  Scuth  Wales, 
4here  are  many  thousands  of  acres  of  iron-stone  near  the  surface,  with  a  vast 
Sundance  of  anthracite  coal,  lying  in  contiguous  strata.  This  coal,  notwith- 
atandinc  it  consists  almost  entirely  of  carbon,  has  been  alleged,  and  is 
generally  believed,  to  be  incapable  of  smelting  iron ;  and  as  there  are  in  some 
-districts  (that  of  Llanelly,  for  instance,)  no  bituminous  coal  suflScienUy  near  to 
these  valuable  beds  of  iron-stone,  they  remain  un  worked,  under  the  presumption 
ihat  the^  camiol  be  worked  with  profit,  owing  to  those  circumstances.  Whether 
this  prejudice  is  well  or  ill-founded,  is  a  question  that  we  cannot  take  upon 
ourselves  to  solve ;  but  we  will  place  before  the  reader  a  few  facts  that  appear 
to  bear  directly  upon  the  question,  and  leave  the  solution  to  those  who  are 
more  practically  conversant  with  the  subject 

In  several  parts  of  the  United  States  of  America,  where  (as  in  South  Wales) 
iron-stones  and  anthracite  are  plentiful,  hut  bituminous  coal  wanting,  recent 
attempts  have  been  made  to  smelt  the  iron  with  anthracite  alone ;  and  all  the 
^reports  that  have  reached  us  on  that  subject  agree  in  stetiug  that  success  has 
Attended  those  attempts. 

Matin*s  Fwmacejw  SmeUing  Iron  with  Anthracite  Coal, — Mr.  Joshua  Malin, 
4»f  Lebanon,  in  Pennsylvania,  has  described  his  furnace  for  this  purpose  in  the 
Franidm  JoumaL  It  is  very  similar  to  our  common  blast  furnaces,  the  cru- 
cibles and  health  alone  differing  materially.  Mr.  Malln's  crucible,  instead  of 
being  square  is  round ;  anthracite  coal  being  so  much  more  dense  than  coke  or 
charcoal,  its  weight  causes  it  to  descend  in  the  comers  or  angles  of  a  square 
hearth,  where,  being  screened  from  the  intense  bhut  which  is  required,  and 
carrying  with  it  a  portion  of  the  unmelted  ore,  it  mixes  with,  and  chills  a 
quantity  of  tlie  fused  ore  and  metal,  which  stops  the  operation  of  the  furnace. 
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Fat  the  imaltiiis  by  meuu  of  aotbracitP,  Mr.  Mftiin  ttalei,  that  the  blart 
mutt  be  introduceaunaer  a  preuure  of  at  leoit  two  and  a  half  pounds  to  tlw 
circular  inch ;  and  the  quantity  rn^ulred  for  a  common  uzed  fiimace  will  not  be 
len  than  3B,000  cubic  feet  per  mmute,  or  7  cubic  feet  per  minute  for  crery 
circular  inch  in  the  area  of  the  hearth  at  the  tuyere.  The  beanh  of  the  furnace 
in  which  Mr.  Molin  mode  his  experimenla,  was  only  11  inchei  in  diameter  at 
the  tuveret,  the  blast  beiug  introduced  aa  represented  in  the  lubjoined  plan. 
Mr.  Malin  had  the  diameter  increased  to  14  inches,  and  found  that  the  blart 
which  he  had  at  bis  command  would  not  enable  him  to  go  beyond  that  poinl^ 
aa,  when  he  attempted  it,  the  scoris  and  metal  chilled,  and  formed  a  tube  from 
the  tuyere  a  part  of  the  way  across  the  heuth.  J%.  1  exhibits  «  vertical  sec- 
tion, and  Fig.  2  an  horizontal  section  drawn  to  a  scale  of  an  eighth  of  an  inch 
to  the  foot ;  the  letters  of  reference  in  each  ligure  that  are  the  same  indicate 


corresponding  parti,  a  i*  the  crucible,  being  a  part  «f  what  u  coiudiodIv  called 
the  hearth  of  the  lumace ;  i  are  the  boshes,  or  lliat  part  where  the  metal  paiaea 
fVomthe  solid  to  the  fluid  state  as  it  descends;  e  is  the  bottom  stone  of  the  hearth, 
bedded  in  sand,  and  supporting  the  crucible  and  boshes ;  if  it  the  dam-stone ; 
e  s  the  blast  pipes;  //  mner  walls  of  the  furnace  of  fire-bricli,  around  which 
is  a  space  from  4  to  6  inches  wide,  filled  with  soft  sand-stone  j  b  tymp-plata; 
i  i  lintels  of  cast-iion  to  support  the  inner  walls  over  the  tuyere  end  tymp- 
archesj  i  i:  tuyere  ugIms  ;  Ipart  where  the  metal  flows  out;  mtytnpM^;  n 
die  tymp-etone,  forming  a  part  ot  the  crvcible,  and  supporting  ■  part  of  the 

The  prejudices  in  America  against  the  uae  of  antliracile  were  as  stroDf;  aa 
they  are  here ;  but  there  they  are  now  being  r^dly  diiaipated  by  an  irr»- 
piesiible  spirit  of  enterprise,  guided  by  scientific  intelligence ;  whilat  we,  out  of 
reverence  to  the  ignorance  of  our  forefalhem,  adhere  to  and  cherish  them.  In 
America  anthracite  was  at  first  introduocd  into  the  parlour  grates,  where,  having 
gained  •  ttium^,  it  deKcoded  into  the  kitchens,  in  spile  m  the  vehement  pro- 
lestatiiMii  of  toe  ministen  of  the  victaalling  department ;  having,  however, 
here  demonstrated  its  superiority  over  aU  other  cinda  of  fud,  it  next  presents  itself 
to  tbenoticeofstea-furnace  men  and  ^ironmasters;  these,  however,  asserted 
that  there  was  something  in  its  very  nature  whioh,  in  their  occnpatiana,  forbade 
its  nie ;  tad  they  were  to  obdurate^  Dr.  Jonea  informs  us,  that  "  you  might 
M  wdl  have  atUmpted  to  coovince  then  that  it  was  fit  to  be  mode  into  candki. 
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as  that  it  might  be  employed  for  their  purpoees  if  their  fttmaeea  were  euttaUy 
conitructed,  and  the  fuel  properly  managed/'  **  It  appears  likely,  however,"  oar 
scientific  historian  continues,  ^  that  it  will  soon  assert  its  claims  to  superior 
excellence  in  these  applications  also,  and  triumph  over  the  prejudices  of  the 
managers  of  fumaoes,  as  it  has  over  those  of  the  householder,  the  cook,  and  the 
Uacksmith." 

.  Improved  Bloumg  Maelunenf. — In  continuing  our  account  of  the  process  of 
obtaining  iron  in  the  smelting  furnace,  we  omitted  to  notice  that  the  blowing 
apparatus  delineated  in  connexion  therewith,  has,  in  a  great  measure,  been 
superseded  by  improved  mechanism  of  that  kind.  The  pumping  cylinder^  by 
an  arrangement  of  valves  well  understood,  is  made  to  draw  air  on  both  sides  of 
the  piston,  so  that  whibt  the  air  enters  on  one  side  it  is  forced  out  on  the  other 
into  the  regulating  vessel,  from  whence  it  is  usually  conducted  into  the  fiir^ 
nace  by  two  or  three  distinct  pipes  and  tuyeres.  But  a  most  ingenious  arrange- 
ment of  blowing  cylinders  was  invented  by  Mr.  Paterson,  of  Lanark,  which  la 
described  and  figured  in  the  article  Blowing  Machines,  wherein  several  others 
are  given.  Water  bellows  have  been  extensively  employed,  but  the  objection 
to  these  has  been  the  humidity  which  the  air  acquired  by  the  spray ;  to  remedy 
this  defect,  the  air  is  forced  into  a  dry  regulator,  which  is  simply  a  large  air- 
tight metal  box,  about  10  feet  square  and  40  feet  long.  At  Bradley  iron  worka 
they  have  a  regulating  cylinder  of  still  greater  dimensions.  The  uniform  elas- 
ticity which  the  air  acquires  in  these  great  chambers  causes  it  to  issue  in  a 
constant  equalized  blast 

The  hUowmg  of  heated  ok  has  recently  been  introduced  at  several  foundries, 
and  likewise  at  the  Clyde  iron  works.    It  is  the  invention  of  Mr.  J.  B.  Neilaon, 
of  OlasgoWy  whose  patent  was  enrolled  in  March,  1829,  and  is  designated  an 
improved  application  of  air  to  produce  heat  in  fires,  forges,  and  fiimaces,  where 
bellows  or  otner  blowing  apparatus  is  required.     He  proposes  that  the  air  sup- 
plied by  any  kind  of  machmo  shall,  before  it  enters  the  furnace  or  cupola,  be 
made  to  pass  through  an  air-vessel  heated  to  very  high  temperature,  a  red  heat 
if  possible,  by  which  means  a  current  of  hot  air  will  be  thrown  on  the  fire 
instead  of  the  cold  current  usually  employed.    It  is  recommended  that  the  air 
vessel  be  surrounded  with  some  non-conducting  substance,  and  imbedded  in 
masonry.    The  capacity  of  this  vessel  for  a  smith's  foige  he  recommends  to  be 
about  1,200  cubic  mches,  and  for  a  cupola  or  blast  furnace,  about  10,000  cubic 
inches.    It  was  much  doubted  whether  the  increased  temperature  of  the  fire 
thus  blown  would  produce  advantages  equivalent  to  the  expense  of  constructing 
the  air  vessel  and  Keeping  Si  at  the  requisite  heat;  and  as  respects  the  amelting 
of  iron  in  particular,  the  theory  seemed  opposed  to  the  well-known  fact  that  a 
much  larger  quantity  of  iron  is  yielded  by  the  blast  fhmaces  in  the  winter 
season,  or  when  the  air  is  cold,  than  during  the  summer  season,  when  the  air  is 
warm.    The  experiments  at  the  Clyde  iron  works,  have  however  been  reported 
most  favourably  of,  and  the  saving  of  coal  attending  it  is  so  great,  that  it  was 
stated,  in  the  GUugow  Chronicle,  to  be  calculated  to  accomplisn  a  saving  in  the 
consumption  of  this  isUnd  to  the  amount  of  200,000^  annually.      At  the 
(3yde  iron  works  the  air  was  heated  to  220<*  Fahr.  before  it  was  discharged 
into  the  fbmace;  an  effect  which  was  produced  bv  the  expenditure  of  only  one- 
eleventh  part  of  the  cost  of  fuel  it  takes  to  heat  it  to  the  same  temperature  in 
the  blast  furnace,  which  mav  be  accounted  for  by  the  circumstance  that  Mr. 
Neilson's  air  vessel  is  heated  by  coals,  while  the  blast  furnace  is  heated  by  coke. 
Should  further  experience  in  this  invention  confirm  the  views  of  the  patentee^ 
it  may  be  regardea  as  a  valuable  improvement  in  metallurgic  operations. 

Refimng  Furnace. — The  refining  of  pig-metal  is  a  modem  intennediate 
process  of  conversion,  which  the  experience  of  our  iron  masters  has  led  them 
to  believe  is  the  best  economy  in  the  preparation  of  the  metal  for  being  subse- 
qnently  rendered  malleable  in  the  puddling  furnace^  althoodbi  it  is  well 
understood  to  be  unnecessary  to  the  production  of  wrought  iron.  The  fiimaees 
emi>loyed  for  this  purpose  are  small  buildings,  termed  refineries ;  a  vertical 
section  of  one  of  them  is  given  in  the  cut  on  the  next  page,  a  is  a  thick  cast-iron 
trough,  having  three  of  its  sides  made  double,  with  a  hollow  space  between, 


nnund  which  waUr  ia  caused  to  flow 
from  an  ezteruHl  cistern  b,  the  cool- 
ing effect  of  the  fluid  serrmg  to 
prevent  the  fusion  or  other  injury 
of  the  metal  aides  of  the  Aimace  by 
tlie  intense  heat;  at  c  (in  a  line)  are 
t<ro  pipes,  throuzh  which  bit  u 
forced  from  a  blowing  machine  upon 
the  materials  in  the  trough  ,  these 
pipes  are  kept  cool  by  a  constant 
stream  of  water  always  flowing  over 
them,  bronghl  on  by  small  pipes  d, 
regulated  l^*  cock*.  The  bottom  of 
the  fiimace  is  of  brick,  on  vhich 
the  fiiel  is  laid,  and  over  it  the  pigs 
to  be  refined.  The  building  is  sur 
mounted  by  a  wide  chimney  about 


what  is  termed  double;  that  is,  the  lire  is  somewhat  larger  though  single,  but 
the  blast  is  double,  there  being  usually  tliree  pipes  and  tuyeres  on  each  of  two 
opposite  sides  of  the  fiirnace ;  each  or  the  pipes  ate  generally  about  an  inch  in 
diameter,  and  supplied  with  a  blast  equal  to  about  2  or  2|  lbs.  pressure  upon 
the  square  inch.  The  pigs  are  kept  in  a  state  of  fusion  for  some  time,  eipiMed 
to  an  intense  beat  from  the  powerful  blast  just  mentioned,  which  drives  off  a 
portion  off  the  carbon  united  to  the  metaL  When  the  operation,  which  usually 
occupies  two  hours,  is  deemed  to  be  complete,  a  hole  in  front  of  the  hearth  is 
tapped,  through  nhich  the  liquid  metal  flows  into  a  very  thick  oblong  flat  mould 
of^  cast-iron,  placed  over  a  cistern  of  water;  this  causes  the  metal  to  be  rapidly 
chilled,  nbicn  is  thus  brought  into  a  cake  about  2  feet  broad  and  20  feet  long. 
This  plate  of  metal  is  extremely  brittle,  and  presents  on  its  fracture  a  silveiy 
whileneis :  it  weighs  about  a  ton.  In  some  refineries  the  furnace  is  lined  willi 
firebricks  or  stones,  without  water  runnbg  round  it,  and  the  refined  metal  is 
cast  upon  sand  in  shallow  moulds  or  depressions,  apd  wate*  is  then  thrown  upon 
the  metal  to  cool  it  quickly.  As  inattention  or  neglect  on  the  part  of  the  refiner 
would  be  productiTe  of  serious  loss  to  the  iron  master,  he  is  always  pud 
accordine;  to  the  metal  produced.  Great  experience  and  practical  skill  are  requi- 
site qualities  in  a  refiner;  bisoccupadonisone  of  great  personal  exertion,  and  he 
is  exposed  to  an  intense  fire,  that  no  one  unaccustomed  to  it  could  even  approach. 
He  puts  the  charge  of  pigs  upon  the  fire,  attends  to  the  progress  of  the  melting, 
supplies  the  fire  from  time  to  time  with  coke,  frequently  stirring  it  up  to  equalize 
the  heat ;  sees  that  ^e  tuyeres  are  in  good  order,  and  that  the  water  circulates 
uniotertuptedlv ;  runs  out  the  metal  when  it  is  ready ;  he  removes  the  plate 
from  its  mould  when  it  has  a  little  cooled,  by  means  of  a  lever,  on  to  a  truck, 
and  nheels  it  out  of  his  shed ;  he  then  prepares  his  mould  for  the  next  plate, 
removes  his  cinders,  and  repeats  the  operation.  The  quantity  of  refined  metal 
thus  produced  by  a  "  double"  furnace  in  Wales,  ii  &om  60  to  70  tons  per  week, 
of  6  days  of  21  hours  each,  the  men  working  in  turns  of  12  hours  at  a  time, 
and  12'lioursreBt  The  refiner  selects  bis  materials  according  to  the  quality  of 
iron  wanted.  The  best  quality  ia  fi^>m  the  dark  grey  pig,  or  No.  3,  and  the  infe- 
rior sorts  from  hrieht,  mottled,  and  white  in  their  order.  The  vety  "  worst " 
white  iron  cannot  he  used  by  itself  in  the  refinery ;  being  almost  infusible  tnaa 
its  deficiency  of  carbon,  it  u  disposed  to  clog  and  settle  on  the  heartli.  To 
work  up  such  iron  in  the  refiueiy,  it  i*  mixed  with  pigs  of  a  "  better  qualiW," 
or  those  containing  more  carbon,  the  union  conferring  fusibility.  When 
^  No.  3  pigs  are  used,  it  reqiures  about  22}  cwL  of  them  to  produce  one  ton  of 
refined  metal;  the  "yield"  however  variet,  from  causes  before  adverted  to, 
according  to  the  degree  of  carbonation  of  the  pig  metal  employed,  the  quality 
of  the  coke,  the  mani^;ement  of  the  blast,  and  various  other  circumstances. 
This  reduction  of  weight  is  however  not  an  entire  loss,  u   a  quantity  of 
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"  cinder"  uprodaee^whicli  floatiimdie  top  of  the  metal,  ud  dctecfae*  ittdf  m 
it  code;  thu  cinder  coataini  unudly  about  60  per  cenL  ot  ita  weight  itf  iron, 
which  ii  recoverable  on  the  hlut  funuwe. 

n<  Puddiing  Funtaee. — The  next  proMn  coadita  in  depriving  the  iron  oT 
ita  remuning  caclwn  and  oxygen  ^or  ai  far  ai  that  maj  be  practicable),  bj 
which  il  ii  rendered  malleable  and  u  conitituted  wrought-iron.  For  thia  pot- 
pOM  the  brittle  plate  of  white  reGned  iron  ia  broken  up  into  unaU  pieces  and 
brought  to  the  puddling  furnace,  aometimei  called  the  balling  fnni«c«,  from 
the  eircumitance  of  tlie  irou  being  therein  made  up  into  balb,  about  die  nie 
and  ihape  of  quartern  loavee  of  bread.  The  furnace  differs  but  little  fTam  an 
ordinary  reverberatory  furnace,  ai  nlU  be  aeen  upon  reference  to  the  Bubjmned 
eugravingti  in  which  /b.  1  exhibiti  a,  vertical  and  longitudinal  aeetioR,  and 
fig.  2  an  horiiODtal  lectian  or  plan.  A>  a  ttrong  flaming  fuel  ia  required  in 
tbu  operation,  coal  ii  employed  iu  preference  to  coke,  the  gaaeoua  pcrtioQ  of 
tb«  fwmer  being  rendered  available  a»  fuel.     At  a  ii  tht  aifa-pit ;  b  a  leriea  of 


loose  grate-ban,  on  which  i*  dqioaited  the  coali  introduced  through  an  kpntne 
e  kept  cloied,  except  during  the  charging  or  atoking,  by  heaping  up  the  »™«n 
coal  aguntt  it  externally,  where  it  ia  formed  into  a  caat^ron  receptade  for  Ae 
p)mK»e,  reaembling  a  coal  scuttle ;  at  J  ii  the  fire-bridn,  ttequentlr  made 
hollaw  by  an  iron  casting,  as  shown  in  the  drawing,  and  encased  with  fin- 
bricks ;  this  hollow  oaating  ii  connected  extemally  with  a  Tcrtica]  pipe  to 
convey  off  the  air,  which  is  caused  to  pass  through  tiie  fire-bridge ;  and  by  tlw 
heat  it  thus  abstracts,  the  fire-bridge  is  preventeo  (Wnn  beooming  futed  hj  the 
intense  action  of  the  flame.  At  e  is  the  basin  of  a  bed  <^  sea  sand  sprcaa  into 
a  concave  shape ;  it  is  supported  upon  a  stratum  of  firebricks,  which  tie  on 
aolid  masonry /beneath.  On  this  bed  the  refined  metal  is  placed  and  eicposed 
to  tbe  heat  of  the  flsmes,  which  are  made  to  impiDge  downward  npoD  the 
metal  in  a  constant  alream,  owing  to  tbe  cnrvccf  fom  of  the  roo^  gainst 
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which  the  cunrent  of  air  that  panes  through  the  grate-bars  strikes;  from  the 
metal  the  flames  again  ascend,  passing  over  a  dam  g^  through  the  throat  A,  into 
the  chimney  t,  which  is  carried  up  from  30  to  40  feet  high,  and  is  provided  with 
a  damper  at  the  top,  hy  which  the  puddler  reguUtes  the  degree  oi  draft,  and 
consequently  the  heat  of  his  furnace ;  for  during  some  parts  of  his  operations, 
he  requires  a  more  intense  heat  than  at  others.  The  draft  through  these  fur- 
naces is  frequently  so  great  as  to  cause  the  flames  to  ascend  above  the  chimney 
top)  and  to  make  the  damper,  situated  there,  red  hot  At  j  is  a  sliding  door, 
suspended  by  a  chain,  and  raised  or  lowered  by  a  lever  A/  at  the  bottom  of  the 
door  is  a  small  aperture  (as  shown  in  Fig.  1 )  employed  as  a  spy-hole,  and  for 
the  introduction  occarionaily  of  the  puddler's  tools  without  opening  the  door. 
There  is  also  usually  another  small  aperture  at  ^  lined  with  a  cast-iron  box  or 
case,  and  divided  by  a  partition  into  two  cavities,  through  which  the  ''shingler" 
puts  his  iron  bars  to  be  heated,  as  will  be  hereafter  explained.  The  dam  g 
ocfore  mentioned  is  deenly  grooved  or  furrowed  (as  seen  in  Fig.  2)  to  allow  tiie 
cinder  or  slag  to  run  on  into  a  pit  fi,  whence  it  is  discharged  through  an  open- 
ing o  out  of  the  furnace.  The  chimney  is  bonnd  together  at  different  points 
with  iron,  and  the  external  sides  of  the  body  of  the  inmace  is  encased  in  iron 
plates,  bolted  through  the  brick-work.  All  these  precautions  are,  how- 
ever, insufficient  to  prevent  the  early  distortion  of  the  fabric,  and  which  would 
without  them  soon  fall  into  ruins  by  the  destructive  effects  of  the  fire.  The 
employment  of  a  sand  bottom  to  the  flirnace,  it  is  proper,  to  mention,  is  now 
gettinff  into  disuse  in  many  parts,  where,  in  lieu  of  the  sand,  a  thick  cast-iron 
plate  forms  the  bottom,  on  which  is  strewed  a  coat  of  the  oxide  or  cinder  made 
ra  the  puddling  process.  The  puddler  is  assisted  in  all  his  operations  by  an 
inferior  workman,  termed  his  '*  under-hand,"  who  is  not  recognised  by  the 
master,  but  paid  by  the  puddler.  The  metal  being  put  into  the  furnace,  the 
door  is  shut  down  and  carefully  closed  to  prevent  the  admission  of  air,  as  any 
admission  of  air  otherwise  than  through  tne  grate-bars,  tends  to  derange  or 
moderate  the  proper  current  In  about  half  an  hour  the  metal  begins  to  fuse, 
at  which  time  the  severe  labours  of  the  puddler  begin.  His  first  business  is  so 
to  dispose  the  pieces  of  melting  metal,  that  those  which  are  the  least  exposed 
to  the  action  of  the  flame  may  be  drawn  more  immediately  under  its  influence, 
and  that  the  whole  quantity  may  be  brought  to  the  same  fluid  state,  as  nearly 
as  possible  at  the  same  time.  If  it  is  not  so  managed,  that  which  is  first  melted 
bejrins  to  bum  and  waste  before  the  other  is  ready,  and  the  yield  is  therefore 
inwrior  than  when  all  goes  on  well  together.  When  the  whole  is  melted,  the  pud- 
dler, sometimes  with  a  tool  turned  at  the  end  like  a  hoe,  and  sometimes  with  a 
flat  one,  stirs  it  about  diligentiy  in  all  directions,  exjiosing  every  part  of  it  in 
turn  to  the  action  of  the  flame.  In  doing  this  he  is  obliged  to  be  constantiy 
changing  his  tools,  which  soon  become  red  hot,  and  are  plunged,  as  they  are 
withdrawn,  into  a  vessel  of  water  to  cool  them.  The  liqmd  mass  heaves  and 
boils  as  it  IS  beinff  stirred,  showing  the  escape  of  elastic  fluid.  By  degrees  the 
metal  loses  its  fluid  property,  and  assumes  tne  appearance  of  a  loose  granulated 
mass,  the  external  particles  of  which  appear  in  vivid  combustion,  whilst  the 
main  portion  of  it  is  less  brilliant ;  these  appearancea  indicate  that  the  metal 
is  "coming  round  to  nature,"  as  the  puddler  terms  it;  and  to  accelerate  this 
process,  he  freauentiy  throws  some  water  from  a  scoop  on  to  the  metal,  and 
occasionally  adds  a  portion  of  the  black  oxide  of  iron  formed  in  the  subsequent 

f  recesses  of  the  forge,  by  which  the  weight  of  his  product  of  metal  is  increased. 
(e  continues  to  move  the  mass  about  vigorously  till  it  becomes  so  thick  and 
tenacious  as  to  stick  together  and  form  into  lumps.  At  this  time  the  puddler 
with  great  dexterity  exposed  to  a  severely  scorching  heat,  and  a  light  of  the 
most  dazzling  brilliancy  (which  no  ordinary  person  can  even  look  at  but  for  an 
instant),  separates  the  metal  into  masses  resembling  in  size  and  figure  quartern 
loaves  of  bread,  but  weighing  from  50  to  80 lbs.  each,  called  "puddled  balls," 
and  having  arranged  his  batch  of  metal  upon  their  vitrified  bed,  they  are  left 
there  exposed  to  the  continuation  of  the  heat,  until  they  can  be  successively 
extracted  and  delivered  by  the  under-hand  to  the  shingler.  By  this  mode  of 
puddling,  Q  loss  of  time  is  incurred,  by  the  heating  of  the  firesh  metal  for  the 
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next  batch,  amounting  to  nearly  half  an  hour,  besides  the  waste  of  fuel  during 
that  period.  To  obviate  these  losses,  various  contrivances  have  been  resorted  to 
for  heating  the  fresh  chatge  of  metal,  whilst  the  previous  batch  of  middled 
bdls  are  being  shingled  or  rolled.  The  simplest  and  most  improved  plan  oeserreB 
mentioning.  It  is  merely  to  make  the  IxMy  of  the  flimace  longer  than  usoal, 
and  to  have  a  second  door  between  that  where  the  puddler  works  and  the 
chimney.  This  uSbrda  sufficient  room  for  the  succeedine  chaige  of  metsl,  which 
is  at  the  same  time  so  near  the  workman  that  when  he  has  completed  the  best 
and  sent  the  balls  to  the  shingler,  the  newly-prepared  charge  is  just  in  the 
right  state  for  him  to  bring  forward  and  recommence  his  operations  upon.  By 
the  puddling  ftimaces  foit  described,  but  seven  heats  could  oe  completed  in  the 
turn  of  twewe  hours ;  but  with  the  improved  furnace,  nine  heats  are  effected  in 
the  same  time  by  one  puddler,  the  results  being  two-ninths  more  of  iron, 
without  any  additional  ouanti^  of  coals. 

MBlleable  iron  producea  direct  ^rom  the  are  with  etone  coo/.— A  short  time  ago, 
a  patent  was  taken  out  in  Amenca,  by  Mr.  B.  Howell,  of  Philadelphia,  for  so 
improvement  in  a  "  bloomery  furnace,"  **  by  meam  cf  whichf  and  the  we  tf 
anthracite  coal  exdmmoeljf  for  JM,  iron  ore  it  direct^  converted  into  malUdU 
iron"  As  this  invention  would  be  of  immense  importance  to  the  country, 
if  it  could  be  broueht  successfully  into  operation,  (and  we  can  discover  no 
reason  why  it  should  not,)  we  deem  it  right  not  to  omit  giving  a  description  of 
it  in  this  work. 

The  specification,  after  adverting  to  the  drawings,  states,  "  By  these,  and  the 
notes  and  references  appended  thereto^  it  will  be  seen  that  this  furnace  combines 
within  itself  the  advantages  of  a  dose  fhmace  and  an  o^n  fire ;  in  this  respect 
differing  essentially  firom  any  other  now  in  use  for  similar  objects.  In  the 
upper  or  dose  portion,  being  all  that  above  the  hearth,  with  anthradte  coal 
ezdted  by  a  proper  blast,  a  degree  of  heat  is  obtained  much  greater  than  can 
possibly  be  generated  in  the  ordinary  fire  with  charcoal ;  while  the  lower  por- 
tion opening  into  the  hearth,  and  permitting  the  free  action  of  blast  upon  the 
burthen,  performs  all  the  offices  of  the  open  fire,  or  forge.  The  sixe  of  the 
furnace  and  the  proportions  may  be  varied,  if  the  prindple  of  the  dose  and 
open  fire  be  retained.  The  furnace  being  first  heated  up  in  Uie  manner 
of  a  common  cupola,  the  process  is  thus  conducted :  the  coal  having  settled 
Bufficientlv  for  tnat  purpose,  it  is  charged  with  the  proper  burthen  of  ore, 
which  will  vary  according  to  the  ^^ditv  and  kind.  The  charges  are  then  con- 
tinued altematelv  of  coal  and  ore.  Tne  ore  soon  arrives  at  the  tuyeres  in  a 
state  of  partial  msion,  and  is  then,  bv  the  intense  heat  of  that  part  of  Uie  fiv- 
nace,  quickly  separated  from  ita  eartha,  and  then  rapidly  descending  into  and 
below  tne  direct  action  of  the  blast,  a  large  part  of  which  is  driven  out  at  the 
open  front,  first  passing  over  that  portion  of  the  ore  which  has  reached  the 
hearth,  it  is  thereby  brought,  in  the  language  of  the  workmen,  <*  to  nature," 
or,  in  other  words,  into  malleable  iron.  Aa  it  ainks  into  the  tegion  of  the  Ua^ 
the  small  masses  may  be  driven  into  one,  and  a  loup  shaped  by  giving  a  proper 
durection  to  the  pipes  at  the  different  tuyeres,  and  the  loup  can  be  removed 
with  a  proper  instrument;  another  instrument,  or  strong  iron  bars,  being  intro- 
duced at  ^  to  hold  up  the  burthen  while  this  is  doinff.  The  loup  may  be  drawn 
into  a  bloom  under  a  forge  hammer,  or  passed  Uirough  rollers.  In  either 
operation,  it  will,  of  course,  be  necessary  to  renew  the  heats,  which  may  be 
done  in  a  common  chafferv,  or  in  a  heating  furnace.  This  process  is  continued 
at  Uie  pleasure  of  the  workmen,  and  as  soon  as  a  quantitv  sufficient  for  a  loup 
accumulates,  it  is  withdrawn,  as  above  described.  In  the  early  atase  of  the 
operation,  it  will  be  neceaaary  to  cha^  the  furnace,  nearly,  or  quite  to  the 
top;  but  aa  the  heat  increaaea,  the  height  of  the  coal  may  be  graduallj 
diminished ;  and  at  a  very  hi^h  temperature,  from  two  to  three  feet  of  coal  viu 
be  found  aufficient.  The  emder  produced  in  thia  way  will  bear  working  s 
aecond  time;  an  appropriate  flue  fiicilitates  the  operation,  and  aa  it^s  first 
fused,  and  sinks,  and  is  thus  interposed  between  the  iron  at  the  bottom  of  the 
hearth,  and  the  coal,  it  contributes  to  prevent  a  mixture  of  the  two.  Holes 
may  or  may  not  be  left  in  the  sides  of  the  furnace  for  the  introduction  of  hats 
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to  aid  io  detaching  (he  iron  from  the  bottom  and  ude* ;  but  thii  will  often  be 
Decnaaiy,  if  the  back  of  the  furnace  be  tbroirn  KifGciently  forward,  and  a 

n«T  direction  be  gifen  to  the  blut ;  for  nhich  purpoie,  tu^erei  are  placed 
iSerent  poailioai  on  three  sidea  of  the  iiimace,  and  at  different  elevaCiona. 
One  or  two  pipei  may  be  uied  at  pleaiure.  From  the  foregoiDg,  it  mutt  be 
obnoDi  that  by  ihetapidi^  of  the  process,  the  saving  thereby  of  time  andUbour, 
ihe  substitution  of  a  cheiper,  mote  powerful,  and  abundant  fuel  for  that  now 
io  uie,  and  which  is  so  made  applicable  U>  this  object  by  the  peculiar  construc- 
tion of  this  (iimace, — a  great  and  important  improvement  has  been  eSected 
in  the  conrertion  of  iron  ore  into  malleable  iron.  The  following  drawings, 
Figt.  1,  2,  3,  represent  an  elevation,  and  vertical  and  horizontal  sections,  all 
drawn  to  a  scale  of  one  inch  to  three  feet,  the  same  letters  referrine-  to  corre- 
sponding parte  of  each.    A  is  the  tunnel  bead,  where  the  furnace  u  charged; 

#i(r.i. 


to  be  provided  with  a  cover,  which  i*  placed  on  in  the  intervali  of  charging, 

when  the  coal  is  low.     B  a  projecting,  open,  hollow  hearth,  for  the  reception  of 

cinder  and  iron,  with  a  cinder  hole  at  C,  to  be  opened  when  it  it  wished  to 

draw  off  the  cinder.     D  D  ere  tuveres 

for  the  introduction  of  the  blast,  placed  F^.  2. 

in  different  positions  on  three  sides  of 

the  furnace,  and  at  different  elevations, 

to  vary  the  direc^on  of  the   blast  at 

different  stages  of  the  process.     The 

back  and  front  walls  may  both  or  either 

be  thrown  or  inclined  sDmewhat  more 

inward  than  is  represented  in  the  draw- 


advantage  when  the  ore  is  not  very 
pure,  and  makes  much  cinder.  The 
fliniace  is  to  have  over  it  a  brick 
canopy  or  chimney,  to  aid  in  carrying 
off  the  gM  given  out  by  the  coaL  The 
furnace  is  lined  with  fire  brick,  and  ia 
cased  with  cast-iron  plates,  secured  by 
strong  bolts,  keys,  and  screws,  and 
between  the  casing  and   the  lining, 
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common  brick,  with  a  thin  packing  pig,  s. 

of  sand ;  the  latter,  to  prevent  injury 
from  expansion.  In  a  letter  to  Dr. 
Jones,  (the  editor  of  the  Journal  of 
ike  FnmkUn  InstiMe)  Mr.  Howell, 
the  patentee  of  the  furnace  just 
described,  states  that  he  had  com- 
pletely succeeded  in  making  bar  iron, 
and  even  nails  with  it,  without  suf- 
fering the  iron  to  cool;  and  that 
practical  fbigemen,  who  performed 
the  manual  labour,  were  astonished 
beyond  measure  at  the  result ;  the 
iron  beine  as  good  as  that  made  at 
the  neighbouring  forges  in  the  old  way. 

Refining  withldineral  Coal. — A  patent  recently  cranted  in  America,  to  Mr.  C. 
Lewis,  (of  Pine  Creek,  Alleghany  County,  Pennsylvania,)  for  refining  pig  iron, 
seems  also  to  be  well  deserving  of  the  attention  of  the  English  manufacturer. 
The  process  is  chiefly  effected  by  mineral  coal,  uncoked,  but  in  such  a  manner, 
that  the  metal  while  in  a  state  of  fusion  is  not  brought  into  contact  with  the 
mineral  coal.  A  reverberatory  furnace  is  employed;  the  mineral  coals  are  put  on 
the  grate-bars,  and  when  the  furnace  has  acquired  a  melting  heat,  a  door  at  the 
side  of  the  furnace  is  opened,  through  which  a  bushel  of  charcoal  is  introduced 
into  a  basin  ten  inches  deep,  previously  covered  with  a  stratum  of  silicious  sand  ; 
over  the  charcoal  is  distributed,  so  as  to  cover  it,  a  bushel  of  hammer  or  forge 
cinder,  and  then  about  a  ton  of  pig  metal,  so  laid  around  the  basin  as  to  leave 
a  space  between  each  pig ;  thereoy  a  greater  surface  of  the  metal  is  exposed  to 
the  action  of  the  flame.  The  fire  in  the  grate  is  now  to  be  well  supplied,  and 
maintained;  and  all  access  of  air  prevented,  except  through  the  grate.  In 
about  half  an  hour,  the  metal  will  be  nearly  melted,  which,  when  the  workman 

Eerceives  to  be  the  case,  he  drags,  by  means  of  an  iron  rabble  passed  through  a 
ole  in  the  door,  the  whole  of  the  metal  from  the  sides,  into  the  basin.  He 
then  introduces  from  threequarters  to  one  bushel  of  charcoal  upon  the  surface 
of  the  metal  in  fusion.  The  fire  being  kept  up,  and  the  metal  frequently 
stirred,  it  will,  in  half- an  hour  after  the  whole  is  melted  down,  be  sufiiciently 
decarbonized  to  let  it  run  out  of  the  ftimace.  The  consumption  of  mineral 
coal  in  this  operation  is  from  15  to  18  bushels,  and  two  of  charcoal  of  wood,  to 
each  ton  of  metal ;  and  the  ton  of  metal  is  obtained  from  only  22  cwts.  of  pigm. 
Owing  to  the  intense  heat  of  the  furnace,  the  volatile  jparts  of  the  coal  are 
consumed,  or  pass  along  the  roof  of  the  furnace  into  the  nue,  while  the  surface 
of  the  metal  is  protected  by  the  charcoal  and  ti)e  scoriae,  which  in  all  cases  keep 
uppermost  without  incorporating  with  the  metal.  Refining  after  the  above 
way  will  be  of  great  advantage  to  forges  that  make  their  blooms  by  means  of 
charcoal,  as  it  will  greatly  facilitate  the  procedure,  and  lessen  the  quantity  of 
charcoal  used.  The  iron  made  in  the  manner  described  is  said  to  be  quite  malle- 
able, close  in  texture,  and  fibrous.  It  is  worthy  of  observation,  that  this  fiimaoe 
requires  no  machinery  attached  to  it,  and  the  process  appears  calculated  to  effect 
some  important  savings  to<he  manufacturer. 

SalU  employed  m  making  Iron, — A  patent  was  taken  out  a  few  years  ago,  by 
Mr.  Luckcock,  an  iron  master  of  Edgebaston,  near  Birmingham,  for  the  appli- 
cation of  the  muriate  of  soda,  (common  salt,)  to  the  iron  iti  the  puddling  nir- 
nace  just  as  the  metal  is  breaking  down  into  fusion ;  the  action  of  which  was 
said  to  be  productive  of  that  toughness  and  malleability  which  had  previously 
been  only  effected  by  laborious  and  expensive  mechanical  agency.  The  pro- 
pNortion  of  salt  to  the  iron  was  about  two  per  cent  by  weight  How  far  expe- 
rience has  proved  the  advantage  of  this  mode  of  seasoning  the  puddlers'  bai1», 
we  are  not  informed ;  but  it  might  be  presnmed  to  have  been  successful,  from 
its  having  excited  the  rivalry  of  others,  who  have  since  taken  out  patents  for 
salting  iron ;  amongst  these  we  may  particularly  notice  Mr.  Josias  Lambert,  of 
Liverpool  Street,  London,  who  appears  to  have  availed  himself  of  some  hints 
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out  of  an  old  fashioned  receipt  book.     This  gentleman  adds  (in  his  fint 
patent,  1829,)  potash  to  Mr.  Luckcock's  soda,  in  the  proportion  of  one  part  of 
the  former  to  two  of  the  latter ;  and  of  this  mixture  he  administers  15  pounds 
to  the  ton  of  ore  in  the  blast  furnace ;  in  the  refining  ftimace  12 1  lbs.,  and  in 
the  puddling  furnace,  11  lbs.  to  the  ton.   Mr.  Lambert,  in  the  succeeding  year, 
1830,  took  out  another  patent,  entitled  "an  improvement  in  the  process  of 
manufacturing  iron,"  &e.    This  improvement  consisted  in  the  addition  to  the 
former  mixture  of  two  parti  of  lime  I  thus  making  it  two  parts  of  ''salt,"  one 
part  potash,  and  two  parts  lime.    But  notwithstanding  this  powerful  and  novd 
auxihary,  he  does  not  diminish  the  quantity  of  the  mixture,  out  nearly  doubles 
it.    After  this  explanation  of  the  nature  of  these  presumed  discoveries,  it  will 
be  unnecessary  to  enter  more  into  detail,  as  respects  the  quantities  of  the 
fluxes  to  be  used  in  the  several  successive  processes  of  the  iron  manufacture. 
We  should  not  indeed  have  noticed  theae  two  last  patents  at  all,  were  it  not 
from  the  circumstances  that  this  species  of  iron  cookery  has  been,  and  is  pro- 
bably, still  conducted  upon   an  extensive  scale.     Of  the  novelty  of  the 
scheme,  every  chemist  must  be  aware,  that  all  the  substances  mentioned 
have  been   unscrupulously  used  as  convenient  fluxes  in  the  assay  furnace 
for  a  century  or  more ;  and  as  respects  the  eligibility  of  their  employment  in 
the  great  laboratories  of  the  present  day,  we  have  the  scientific  and  practical 
authority  of  Mr.  David   Mushet,   for  observing  that  they  are  considered 
useless. 

7^  Forget  Rolbt  ^c, — For  the  purpose  of  introducing  some  recent  improve- 
ments connected  with  the  previously  described  departments  of  the  manufacture, 
we  broke  off  our  narration  of  the  usual  train  of  proceeding  of  an  iron  work  at 
page  768,  where  we  left  the  puddlers'  balls  in  the  furnace  ready  for  subsequent 
operations.  Hitherto,  we  may  observe,  imagination  has  had  to  picture  to  itself 
the  intense  action  and  changes  that  have  been  going  forward,  unseen,  and 
unhesdfd ;  but  henceforward,  to  the  completion  of  the  wrought-iron  bar,  the 
rod,  and  the  sheet,  all  is  activity  and  motion.  The  departments  where  those 
articles  are  produced  are  contiguous  and  open  to  each  other ;  they  are  termed 
the  forge  and  the  mill,  and  are  more  or  less  extensive,  according  with  the  mag- 
nitude of  the  iron  work.  The  impression  upon  a  spectator,  to  whom  the  scene 
is  novel,  is  one  of  extreme  interest,  and  one  that  he  never  forgets ;  he  finds 
himself  in  the  midst  of  machinery  of  a  peculiar  character,  and  of  extraordi- 
nary magnitude,  remarkable  for  its  massiveness  and  its  weight,  and  in  its 
effects  astonishing.  In  the  mill,  at  regular  intervals  of  about  a  minute,  he  sees 
the  distant  gloom  dispelled  by  the  rising  of  a  furnace  door,  which  opens  to  his 
view  a  chamber  full  of  dazzling  light  before  which  stands  an  invulnerable 
workman,  who  pulls  from  the  midst  of  it  a  lump  of  iron,  blazing  like  a  meteor, 
and  dashes  it  upon  the  ground.  Almost  as  qmck  as  thought,  and  before  the 
furnace  door  can  be  closed  again,  the  ignited  mass  of  metal  is  eagerly  snatched 
up  by  another  workman,  vriSi  a  pair  of  tones,  who  instanUy  applies  it  to  the 
largest  erooves  of  a  pair  of  solid  cylindrical  "  rolls,"  which  are  revolving  with 
great  velocity,  and  with  such  immense  force,  that  the  mass  of  iron  is,  as  it  were, 
ihoi  through  the  rolls,  and  is  so  far  altered  in  its  figure,  by  the  compression, 
as  to  be  doubled  in  its  length.  Notwithstanding  the  rapidity  with  wnich  the 
iron  moves  by  the  revolution  of  the  rolls,  it  is  uniformly  seized  as  it  comes  out 
by  another  workman,  who,  with  his  assistant,  tosses  it  back  over  the  top  roll, 
where  it  is  again  taken  by  the  first  workman,  and  passed  through  the  next  pair 
of  grooves,  smaller  than  the  former ;  it  is  again  seised  by  the  workman  on  the 
opposite  side,  and  treated  as  before ;  and  thus  it  travels  backward  and  for- 
ward, spontaneously  illuminating  its  path  by  bright  scintillations,  through  half 
a  dozen  or  more  successive  grooves ;  all  the  whue  lengthening  itself  penecting 
its  shape,  and  improving  its  quality,  till  it  arrives  at.  the  end  of  its  journey  in 
alnrnt  a  minute  aner  starting  from  its  fiery  chamber.  The  spectator,  who  may 
have  taken  his  stand  at  a  convenient  distance,  and  has  scarcely  been  able  to 
comprehend  more  than  the  pombHity  of  what  he  has  seen  done,  from  the  celerity 
of  its  execution,  is  probably  obliged  to  move  farther  off  by  the  scorching  heat 
of  the  still  bright  red,  long,  finished  bar  which  has  reached  hinu    This  bv  has. 
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however,  not  paiied  iti  last  channel  before  the  effulgent  furnace  again  opens  iti 
mouth,  and  another  hriffht  maas  of  metal  is  ready  to  follow  the  fint ;  and  thus, 
bar  after  bar  is  made  tm  the  contents  of  that  particular  furnace  are  discharged. 
During  this  splendid  operation,  the  spectator  has  perhaps  scarcely  looked  around 
him ;  to  see  a  fly  wheel,  of  twenty  feet  in  diameter,  and  of  ten  tons  weight,  cutting 
through  the  air  at  the  rate  of  ninety  revolutions  per  minute ;  (more  than  GO  miles 
per  hour,)  driving  by  means  of  a  massive  cog-wheel  on  its  axis,  numerous  other 
wheels  at  different  velocities,  to  communicate  the  requisite  power  and  motion 
to  various  other  mechanism  contiguous  and  remote ;  to  observe  that  through  the 
medium  of  other  gear  of  due  proportions,  the  ponderous  rolls  are  made  to  turn  on 
their  thick  axes  or  "  necks  "  twice  as  many  times  per  minute  as  the  great  fly ;  to 
trace  the  cause  of  motion  of  the  latter,  through  a  stout  pinion  on  its  axis,  driven 
by  a  great  toothed  wheel,  which  is  turned  by  a  crank  attached  to  the  lower 
extremity  of  the  heavy  vibratory  connecting  rod  of  a  magnificent  steam  engine, 
which,  in  its  own  separate  apartment  or  house,  is  quaffing  ita  potent  vapour  in 
silence,  and  distributing  its  constantly  renewed  energies  around  to  all  that 
require  it ;  not  excepting  the  ponderous  machine  which  we  shall  next  describe, 
the  efiects  of  which  are  the  reverse  of  those  which  are  complained  of  in  the 
trunkmaker's  hammer. 

ShmgUnff  cr  BlooHung, — The  *<  underhand  "  havine  drawn  a  ball  out  of 
the  furnace,  his  superior,  the  "  shingler,"  takes  it  up  oy  a  pair  of  tongs  and 
heaves  it  on  to  the  depressed  part  a  of  an  anvil  b,  which  with  its  block  (sunk  in 


the  ground,  and  resting  upon  solid  masonry)  weighs  several  tons,  at  the  same 
time  another  'shingler,  wnose  turn  it  is,  (there  being  two  shinglers  to  each 
hammer,)  draws  out  of  the  furnace  a  stout  flat  bar,  one  of  the  two  before  men- 
tioned, Uie  end  of  which  has  been  brought  to  a  welding  heat,  and  holding  the 
cooled  end  wrapped  round  with  a  piece  of  nail  bagging,  he  lajrs  the  heated 
end  upon  the  ball  under  the  hammer  e,  the  first  blow  of  the  latter  forces  the 
bar  into  the  ball  flush  with  its  surface,  and  tbev  are  thus  instantly  welded 
together,  and  form  as  it  were,  one  piece ;  the  bar  thus  becoming  a  long  handle, 
by  which  the  shingler  can  move  and  turn  the  ball  about  upon  Uie  anril 
between  every  blow  of  the  hammer.  This  hammer  with  its  helve  d  weight 
between  four  and  five  tons,  and  makes  upon  an  average  about  150  blows  per 
minute ;  it  is  actuated  by  the  revolution  of  a  cylinder  e,  in  the  circumference 
of  which  are  fixed,  at  equal  distances,  four  or  more  wipers  or  coggs  //which 
successively  come  into  contact  with  the  underneath  side  of  the  extremity  of  the 
hammer  helve,  and  thereby  lift  it  up  after  each  blow  about  18  or  20  inches, 
whence  it  falls  simply  by  its  own  weight ;  which  operates  so  efiectively  as  to 
reduce  by  a  very  few  blows,  the  shapeless  ball  into  a  bloom.  This  bloom  is  a 
rough  square  liar,  usually  about  20  inches  long,  and  4  or  5  inches  thick.' 
By  reference  to  the  foregoing  figure,  it  will  be  observed  that  the  hammer  head 


termed  panes;  by  placing  the  Uoom  under  these  nrojectiona  croiiwayB,  the 
bloom  is  enlended  lenglhwajs  ;  and  by  placing  Ihe  bloom  so  that  a  pane  shall 
strike  it  lengthways,  its  breadth  is  increased,  and  the  groove!  or  dents  which  are 
thus  made  are  worked  out  by  bringing  the  bloom  under  the  fist  parts  of  the 
hammer.  The  effect  of  the  hammermg  is  not  confined  to  giving  it  a  new  form, 
but  a  large  quantity  of  drois  is  thereby  worked  out,  and  the  sparks  and  scales 
fly  olf  with  great  force,  so  that  the  workmen  are  obliged  to  be  protected  with 
thick  leather  aprons,  leggings,  (tc.  Tt  sometimes  happens,  throughmismanage- 
ment  on  the  part  of  the  puddler,  that  a  ball  has  not  sufficiently  "  come  round  to 
nature,"  and  it  shows  its  indisposition  to  submit  to  the  gentle  correction  of  the 
hammer  by  hisiing  and  bubbling.  This  species  of  bloom  is  called  a  ahadrarh, 
and  it  is  thrown  back  to  the  puddler,  who  has  to  pay  a  fine  for  having  drawn 
it  out  of  the  fiimace  before  it  was  sufficiently  purged  of  its  impurities. 

ShingUng  Hc!U.—la  this  eariy  state  of  the  manufacture  of  malleable  iron,  the 
office  of  the  hammer  just  described  H  generally  confined  to  giving  the  bloom  only 
about  fifteen  or  twenty  blows,  hy  which  it  is  brought  into  a  Aiape  that  will  permit 
of  its  being,  while  itfll  of  a  bnght  red  heat,  passed  through  tne  shingling  rolls. 
The  precise  form  of  the  grooves  in  these  rolls  Is  not  material,  and  they  differ 
in  most  works;  the  intention  is  to  reduce  the  bloom  as  quickly  as  possible  into 
a  broad,  fiat  bar,  for  a  purpose  that  will  presently  be  explained.  In  the  annexed 
sketch,  which  we  have  made  to  illustrate  the  subject,  two  different  kinds  of  grooves 


are  introduced,  both  of  which  are  employed.  In  the  above  figure,  u  u  repTMent 
the  upper  roll; /J  the  lower;  ii  are  the  standards  through  which  the  necks  of 
the  roBs  pass,  and  are  therein  made  to  revolve  in  opposite  directions  by  the 
action  of  the  pinions  pp  in  gear  with  each  other,  to  the  shaft  of  one  of  which 
the  power  is  applied ;  and  by  a  continuance  of  such  shafting,  connected  by 
clutch  boxes,  motion  is  sometimes  imparted  to  a  series  of  pairs  of  rolls,  arranged 
:  line.     In  the  preceding  figure,   the   dark  spaces  between  the   roils. 


through  those  grooves.  The  bloom  is  supposed  to  be  first  pat  through  a,  and 
then  through  the  others  successively,  until  it  is  brought  out  at  g  in  the  form  of 
a  flat  bar  four  ui  five  inches  broad,  and  hal^  or  five-eighths  of  an  inch  thick. 
By  the  severe  squeezing  which  the  bar  undet^oe*  in  passing  thraue;h  these 
ndls,  an  additional  quantity  of  cinder  or  foreign  matter  is  forced  out  of  it;  and 
it  is  worthy  of  remark  that  the  grooves  a  be  powerfully  contribute  to  this  elfect. 
The  form  of  them  is  not  designed  to  ha  an  equilateral  bciagon,  but  that  of  a 
square  with  the  top  and  bottom  comers  taken  ofi*.  In  the  faodzontal  line 
the  angles  are  right  angles,  the  bar  will  therefore  in  that  direction  be  made 
wider  than  in  its  vertical  breadth,  where  the  angles  are  ohtuse.  Besides,  there 
are  usually  between  the  rolls,  where  they  are  intended  just  to  touch  each  other, 
little  vacancies,  into  which  the  iron  is  compressed  in  its  passage,  and  a  burr  is 
ibiia  formed  upon  its  anelet ;  now,  by  turning  the  bar  so  as  to  present  the 
right  tmgles  and  burrs  to  Uis  flat  top  and  the  Rat  bottom  of  the  same,  et  tha 
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next  pair  of  grooves,  thev  are  thereby  crusbed  down,  and  the  dross  is  thus  more 
efficiently  worked  out  of  the  metal,  and  bv  the  time  it  arrives  at  ^,  in  the  form 
of  a  flat  bar,  it  is  considerably  improvea  in  its  toughness  and  malleability. 
Nevertheless,  the  iron  is  of  an  unmerchantable  quality ;  it  is  still  impure;  Is 
too  easily  broken ;  has  a  rough  scaly  surface,  and  its  edges  are  imperfect 

Shearing  the  Ban. — ^This  rough  bar  is  therefore,  immediately  it  has  passed 
through  the  rolls,  and  while  it  is  still  red  hot,  put  between  the  jaws  of  a  pair 
of  shears,  worked  by  the  engine,  and  cut  into  lengths  of  about  a  foot  each.  A 
pair  of  shears  for  this  purpose  is  represented  in  the  engraving  of  the  gnat 
nammer  at  page  772,  by  reference  to  which  the  reader  will  readuy  comprehend 
our  explanation  of  them.  That  portion  of  the  shears  marked  ggg^vi  one  mas- 
sive casting,  and  is  fixed  to  the  ground  in  the  most  solid  and  substantial 
manner.  The  cutting  edge  of  the  lower  chap  at  h  is  formed  out  of  a  stout 
steel  bar ;  it  lies  in  a  rebate,  and  is  therein  fastened  by  screw  bolts.  The  chap 
of  the  upper  shear  i  i  is  similarly  provided ;  this  shear  is  the  movable  one,  and  has 
its  joint  or  centre  of  motion  in  tne  upright  at  a.  By  the  revolution  of  tJie  drum 
e,  it  carries  round  with  it  an  eccentnc  or  solid  crank  ky  to  which  is  jointed  a 
stout  iron  bar  4  which  bar  being  jointed  at  its  other  end  to  the  upper  shear, 
communicates  its  own  vibratory  motion  to  the  shear,  and  makes  it  cut  at 
each  alternation  of  the  stroke  or  revolution  of  tlie  drum.  To  prevent  the  steel 
edges  of  the  shears  from  being  softened  by  the  contact  of  the  not  bars,  a  small 
stream  of  water  is  made  to  flow  over  them  constantly,  brought  on  by  a  small 
pipe,  or  other  suitable  channel,  and  regulated  by  a  cock.  The  bars  as  they  are 
cut,  fall  into  an  iron  barrow  or  truck,  in  which  they  are  wheeled  away  to  the 

Pitfii^.— The  piler  jM/!fs  the  pieces  of  the  rough  bar  together  in  the  manner 
shown  in  the  annexed  cut,  putting  as  many  upon 
one  another  as  will  form  a  bloom  or  a  finished  bar  of 
the  sixe  and  weight  required.  The  pQes  are  then 
taken  or  deposited  in  a  convenient  situation  for 
beinff  put  into— 

The  balling  cr  reheating  Furnace, — ^This  furnace  is  in  no  essential  respect  dif- 
^  ferent  firom  the  puddling  furnace  already  described ;  but  the  men  who  work 

them  are  usually  called  "  bailers." 

BdUmg, — With  an  iron  instrument  of  the  shape  of  a  baker's  peel,  tlie  bailer 
'  places  each  pile  on  the  bed  of  sand  prepared  to  receive  them,  takinfi^  caT«  not 

I  to  disturb  them,  so  as  to  cause  any  of  tlie  pieces  to  project  beyond  the  rest,  as 

these  projecting  pieces  would,  in  consequence,  be  sooner  heated,  and  sustain  a 
{  severer  action  or  the  fire  than  the  others,  causing  those  exposed  parts  to  bum 

i  or  waste,  and  the  whole  mass  to  be  deteriorated  in  tenacity.    The  number  of 

I  pUes  put  into  the  furnace  is  regulated  by  their  sixe,  in  order  that  when  they  are 

sufficiently  heated  they  may  be  quickly  discharged ;  and  as  large  heavy  bars 
{  take  longer  to  roll  than  small  lieht  ones,  a  less  number  of  laree  piles  are  put 

i  into  a  furnace  in  makine  large  ban,  than  of  small  piles  in  making  small  bars. 

I  Notwithstanding;  the  baOer  arranges  his  batch  so  that  the  piles  may  be  com- 

I  pletely  heated  m  succession,  he  exercises  his  judgment  upon  them  with  his 

eagle-like  eyes,  as  to  which  bloom  is  in  the  most  forward  state.  The  bailers' 
proceedings  are  likewue  regulated  b^  the  state  of  the  other  balling  furnaces  of 
the  work,  whose  products  are  successtvely  worked  off!  If  a  bailer  keeps  his  iron 
too  lone  in  the  furnace,  it  is  thereby  rapidly  wasted  and'deteriorated ;  on  the  other 
I  hand,  he  must  be  ready  to  a  minute,  that  the  roDs  may  be  constantly  at  work, 

I  and  ^at  the  power  of  the  engine  may  not  be  wasted.  The  blooms  that  are  now 

taken  out  of  these  reheating  furnaces,  are  presumed  to  be  of  a  quality  adapted 
to  the  manufacture  of  common  bai^iron,  of  which  there  is  a  yeiy  extensire 
variety  of  forms ;  but  the  great  bulk  consists  of  three  kinds,  namely,  ,/lai,  square^ 
and  round,  the  latter  being  usually  termed  bolts.  Of  the  three  last-mentioned 
classea,  there  are  very  numerous  sixes,  as  will  be  seen  on  reference  to  the  tables 
subjoined  to  this  article. 

Variety  <f  RoOmgApparatoM. — For  the  manufacture  of  so  extensive  a  variety, 
a  great  number  of  rolls  is  required  in  an  iron  work.     The  stock  of  these 
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ponderomtoolBjinKmewot^i,  coDtiitiofupwank  oft  hundred  pain;  uidlhere 
are  commonly  from  ten  to  tventy  pali  of  itandardi  (fixed  in  the  moat  fimt  and 
■olid  miuiner  that  art  ii  capable  of)  read/  for  their  recaption.  A  mfficieut 
example  of  thii  kind  of  mechanism  for  making  Ai<  ban  baa  already  been 
girenatde/y,  in  the  cut  at  page  773  :  btbe  illuBtrabon  which  foUowa,  the  rolleri 
for  making  round  and  tquari  ban  are  shown.  These  roll*  ore  called  Aiiiina 
rolla,  for  the  bar,  pre* iouilv  to  being  brought  to  them,  is  poaaed  through  MTera! 
grooTCB  of  a  pair  of  roygihijf  roll«,  nbi^  are  of  greater  diameter  than  the 
Fig.  3. 


finiiiliing  rolls,  and  fumiahed  vith  laiget  groovea.  In  theie  lait-mentioned,  the 
bars  are  reduced  to  nearly  the  intended  aife,  end  they  are  then  run  through 
two  or  three  groores  of  the  finiibing  rolU ;  each  dme  that  a  bar  ii  paiaed 
through,  whether  round  or  aquare,  it  is  turned  a  quarter  round  to  take  off  the 
burr  DT  fin,  formed  at  the  junction  of  the  rollers,  and  through  the  last  hole  it  is 
uaually  paued  twice,  by  which  its  figure  ts  perfected.     The  effect  of  the  piling 


1  increased  tonehneas;  and  during  the  operation,  manv  of  the 
impurities  that  the  iron  had  retained  are  expeUed.  In  rolling  flat  bars,  the 
treatment  is  diflerent  from  that  of  square  and  round ;  the  pile  is  never  presented 
to  the  rolls  with  the  edges  of  ila  layera  upwards,  but  alwaya  with  their  flat 
sides  horizontal ;  for  were  the  bar  rolled  upon  the  edges  of  the  layers,  the 
welding  would  probably  he  very  imperfect,  and  the  har  comparatJTely  weak. 
Each  bar  al^er  it  is  completed  m  the  rolls,  ta  taken  by  two  ho^s  with  tongs, 
who  first  put  the  maika  on  with  iteel  punches ;  they  then  present  its  extremities, 
which  ere  usually  ragged  and  uneven,  to  be  cut  off  by  a  pair  of  shears  that 
are  constantly  opening  and  abutting  bj  the  action  of  the  euginej  the  boya  then 
take  the  her,  and  lay  it  along  a  sohd  cast-iron  bench,  perfectly  flat,  and  having 
a  straight  edge  on  one  side  ;  and  as  the  har  is  still  hot,  they  easily  m^e  it  per- 
fectly  straight  hy  a  few  blows  with  wooden  mallets. 

Proetii  <f  R^iiag—Dtfectt  and  JmpnmemmU. — To  give  the  reader  a  clear 
insight  into  the  mode  of  working  a  har  through  the  rolls,  it  appears  to  be 
neceaaary  partly  to  repeat  what  has  been  before  hut  imperfectly  noticed.  A  bar 
of  iron,  as  it  pastes  through  each  aucceaaiTo  groove  of  a  pair  of  rolls,  la  received 
on  the  oppoaite  side  bv  two  men,  one  of  whom  draws  it  out  by  the  end  with  a 
pair  of  longs,  end  the  other  supports  it  by  a  lever  to  prevent  ita  making  too 
sudden  a  hend ;  and  when  tbe  bar  is  through,  these  men  pilch  it  back  again 
over  the  top  roll  for  it  to  pasa  through  the  next  groove ;  and  this  operation  is 
repeated  until  the  bar  is  reduced  to  the  required  size-  Now  it  must  be  evident 
upon  reflection,  that  this  returning  of  the  bar  over  the  rolls  occupies  about  as 
much  timt  as  the  actual  rolling ;  consequently  that  the  iron  becomes  cooled  in 
proportion,  harder,  and  requires  more  power  to  roll  it;  that  the  workmen  have 
a  very  Kvere  labour  to  perform,  and  are  all  the  while  exposed  to  a  scorching  beat. 
These  defects  in  the   ordinary  process  of  roiring  forcibly  struck  the  writer 


■everal  yean  ago,  when  he  propoMil  two  method*  of  continuou)  ToQinr, 
by  which  it  w«a  ettimated  that  the  manual  labour  would  be  greatlj  tedncnt, 
the  peraoDal  inrontenience  diminiahed,  the  cost  of  the  machinerj  lessened,  and 
ODe-uolf  or  the  power  of  the  engine  aaved.  The  first  of  tbeee  plana  wu  to 
place  a  leriei  of  pain  of  imaU  roller*  (that  ii.  short  in  their  axei)  one  befin 
the  other,  lo  that  the  bar  might  pau  in  one  continued  straight  line,  (rorogioOTe 
to  groove,  until  finiihed  of  iti  intended  dimenaioni.  Thia  plao  ii  explained 
1^  the  Bonexed  diagram ;  aa,  bb,  and  c  c,  repreient  the  tratuvene  KCtioDi  of 


three  pair  of  rollen,  with  groove!  of  diS^nt  depths ;  the  bar  ie  tuppoeed  to 
enter  at  d,  and  by  paning  through  the  rotlen  a  a  to  bs  reduced  to  the  un  t. 
where  the  bar  ilidei  upon  a  form  h,  guided  thereon  in  a  itraight  line  hj  a  fur- 
row of  the  ahspe  of  the  bar,  direct  into  thegrooTea  of  the  rollen  bb;  the  bar  of 
the  size  of  a  is  here  reduced  to  that  of/,  lying  on  another  form  h,  which  con- 
ducts it  through  the  roUera  e  e,  and  i*  thereby  further  reduced  to  the  uie  of  g, 
or  Btiy  other  that  may  be  required  by  a  suitable  eiteniion  of  the  apparatus. 
By  tlus  method  it  was  coaiidered  that  a  bar  would  be  rolled  in  about  one-third 
the  usual  time ;  that  the  manual  labour  would  be  reduced  to  a  triSing  amount; 
and  that  not  one-half  the  usual  power  required  of  the  engine  would  be 
absarbed.  The  latter  advantage  results  from  the  celcrilji  of  ike  operation  ;  for 
as  the  iron  is  much  hotter,  it  ia  much  loller,  and  requires  a  leas  amount  of  force, 
even  during  the  diminished  time  taken  up  by  the  process ;  but  tha  moat  im- 
portant advantage  is,  that  a  belter  bar  la  tliereby  made ;  when  the  maxim  to 
"strike  the  iron  while  it  is  bot,"  has  thus  been  duly  attended  to,  the  bsr, 
instead  of  being  cracked  at  its  edges  or  otfaerwiie  unsound  from  being  roUed 
when  loo  cold,  will  be  uniformly  aoltd  and  of  a  n  -    ■  ' 

The  second  plan  devised  was  lo  put 
a  series  of  small  rollen  one  above 
another,  with  the  usual  spur  gear  on 
their  axes,  which  would  give  every  suc- 
ceeding roller  an  opposite  rotation,  so 
that  the  bar  might  enter  between  the 
lint  and  second  roller,  go  back  through 
the  second  and  third  roller,  then 
through  the  third  and  fourth,  the 
fourth  and  fil^h,  and  so  on  to  comple- 
tion, lo  the  annexed.  Fig.  2  ^ords  a 
side  elevation,  and  Fig.  3,  on  the  follow- 
ing page,  a  vertical  section  of  six  small 
rolls,  abcdef,  which,  by  their  arrange- 
ment, are  in  effect  five  pain.  In  Fig.3 
the  letters  J  A  i,t  J,  show  the  situation  of 
live  shelves,  (the  proportionate  length 
of  whichcannot  be  shown,)  on  which  the 
iron  slide* ;  and  the  arrow*  in  the  aama 
figure  indicate  the  course  taken  by  the 
bar  through  aU  the  rolls.  Thashelf^is 
supposed  to  be  upon  a  level  or  some- 
what lower  than  the  mouth  of  the  tii- 
nace,  the  bloom  from  which  is  to  be 
alided  down  upon^,  and  pushed  between 
the  rollen  a  and  6,  and  as  it  paste* 
out  of  these,  it  gradually  bend*  down. 
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the  end  falling  in  the  position  of  the 
arrow  at  A,  ready  to  enter  between  the 
rollers  h  and  c;  then  upon  t  between  c 
and  df  upon  k  between  d  and  e,  upon  / 
between  e  and/,  and  so  on  to  any  num- 
ber of  rolls  underneath,  or  be  conducted 
forward   to  another  series    of   rollers 

5 laced  before  it  Both  the  plans  now 
escribed  may  be  employed  separately 
or  jointly  ;  but  for  rarious  reasons  the 
vertical  series  would  be  preferable  for 
roughing  the  work,  while  the  hori- 
zontal arrangement  would  probably  be 
best  suited  ror  finishing  the  work.  It 
is  to  be  understood  that  the  foregoing 
diagrams  are  only  desig^ned  as  explana- 
tory of  the  principle  of  construction,  all 
the  subordinate  details  being  omitted  as 
unnecessary  in  this  place.  Previous  to 
the  year  1828,  the  writer  had  never 
seen  nor  heard  of  iron  being  rolled  on 
either  of  the  plans  described ;  he  had 
seen  several  iron  works,  one  newly 
built,  in  none  of  which,  however,  was 
the  principle  adopted ;  he  could  find  no 
published  account  of  any  thing  of  the 
kind ;  his  mechanical  friends  said  the 
plans  were  new  and  valuable,  and  a  patent  was  determined  upon  if  the  opinions 
of  two  or  three  respectable  iron  masters,  whom  he  consulted,  should  be 
favourable ;  when,  singular  to  relate,  two  of  these  persons,  who  had  very  exten- 
sive concerns,  condemned  the  plans  as  useless  and  impracticable,  while  the 
third  said  they  were  not  only  practicable,  but  highly  advantageous ;  and  he 
proved  the  truth  of  his  assertions  by  showing  tlie  writer  his  works,  wherein 
iron  was  at  that  time  being  rolled  on  the  very  principle  of  both  plans,  where 
he  was  informed  it  had  been  practised  for  several  years ;  and  that  similar  rolls 
were  used  in  several  of  the  works  of  Staffordshire  f  This  fact  has  been  men- 
tioned with  the  view  of  inculcating  circumspection  in  inventors  before  they 
incur  the  expense  of  patents,  and  a  disregard  of  dogmatical  opinions  when 
unsupported  by  reason.  It  is  worthy  of  remark  in  this  place,  that  in  none  of 
the  recent  treatises  on  the  iron  manufacture  has  any  notice  been  taken  of  this 
important  improvement  in  rolling  iron.  The  plan  at  the  iron  works  where  the 
writer  saw  the  principle  in  operation,  is  a  modification  of  that  which  has  been 
described ;  it  consists  of  only  three  rolls  one  above  another,  but  of  the  siune 
kind  as  those  delineated  at  page  775,  so  that  a  bar  which  has  passed  through 
a  groove  between  the  top  and  middle  roll  is  sent  back  through  another 
groove  between  the  middle  and  lowest  roll ;  and  there  being  many  grooves  in 
each  of  the  three  rolls,  they  are  thus  passed  alternately  through  the  upper  and 
lower  range  of  grooves  until  completed :  but  in  making  vat  hoops,  the  bar, 
afler  being  passed  through  several  grooves,  to  roll  it  to  a  thin,  yet  roueh 
flat  bar,  proceeded  onward  horizontally  (in  the  same  manner  as  shown  in  the 
diagram,  page  776),  and  entered  between  a  pair  of  plain  polished  rolls,  where 
it  was  reduced  to  the  required  diinness,  and  a  smooth  face  was  given  to  it 

HorUmM  mode  of  roUing  large  Ban, — For  bars  of  still  greater  dimensions 
Mr.  Horton  adopted  the  following  process,  for  which  he  took  out  a  patent  a  few 
years  back.  Instead  of  rolling  the  single  blooms,  and  then  welding  ttie  bars  toge- 
ther, to  get  bars  of  the  sizes  required,  he  takes  the  blooms  ("  billets,"  he  calls 
them,)  from  the  puddling  furnace,  welds  several  of  them  together  under  the 

freat  hammer,  then  submits  the  united  mass  to  the  operation  of  the  rolls.   Great 
ars,  thus  prepared  are  said  to  possess  a  more  laminated  and  fibrous  texture  lon- 
gitudinally, than  those  which  are  united  by  welding  together  ready  formed  bars. 
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The  ttarioui  Formt  of  rolled  Iron, — Having  leen  that  round  iion  ii  produced 
by  ihe  junction  of  Iwo  semicircular  groores  u)  the  oppoaile  roUera,  the  reader 
w[U  readily  perceive,  without  the  aid  of  a  Gpire,  that  "  half-round  iron,"  (thU 
is,  lemicircular  in  ill  transverw  section,)  will  be  produced  hj  having  only  one 
roller  with  a  semicircular  groove,  and  the  opposite  roller  with  no  groove  at  ill ; 
atid  that,  by  making  the  groove  of  less  depth,  that  ii,  of  an  elliptical  curve,  a 
lemi-eltiptical,  or  "  half-oval "  iron  bar  will  be  formed ;  alio  that  by  Iho  junctioB 
of  two  semi-elliptical  groove),  *'  oval  iron  "  will  be  the  result.  The  two  lait- 
mentioned  sort*  are  extensively  used  by  coach  smiths ;  also  for  th«  tops  of 
fenders,  wire-guards,  and  such  tike.  It  will  likewise  be  evident  to  the  ruder, 
tliat  ai  square  iron  is  made  by  two  angular  gnwves,  one  of  such  groovei  opposed 
to  a  plain  roller  will  produce  triangular,  or  "three^qnare  iron;"  that  as  Sat 
bars  are  made  by  groovei  of  this  form  — ,  it  will  be  only  necessary  to  malie  the 
opposite  groove  deep  and  narrow,  thus  1,  and  let  the  latter  groove  come  next  to 
one  end  of  the  former,  to  produce  L  or  "angle-iron."  This  angle-iron,  though 
of  recent  introduction,  it,  on  account  of  its  very  great  utility  in  making  framing, 
cases,  boilers,  and  a  thousand  other  things,  a  great  favourite  with  all  kinds  of 
smiths,  as  it  enables  them  to  execute  superior  work  with  much  leM  labour. 
Seeing  how  the  angle-iron  is  made,  it  wilt  be  readily  understood  that,  by  plaoiiu 
this  I  groove  so  as  to  come  in  the  middle  of  this  —  groove  in  the  opposite  nm, 
that  ''T  iron"  will  thereby  he  rolled  ^  and  this  brings  us  to  a  clear  undentandbg 
how  "railway-iron"  is  made,  as  the  form  is  usually  but  a  slight  modification  of 
the  T,  by  a  little  rounding  of  some  of  the  parts;  and  by  obvious  combioationi 
of  the  foregoing,  it  will  be  leen  how  "iron  mouldings,'  of  an  infinite  variety, 
may  be  produced  by  a  pair  of  rolls,  and  with  for  more  facility  and  dispatch  than 
a  joiner  can  make  them  of  wood  with  his  moulding  planes. 

Slit  Rode. — The  manufacture  of  tjiis  article  is  interesting  from  the  wondeilul 
rapidity  of  its  execution ;  and  that  it  is  of  great  importance  in  its  results,  it 
~eed  only  be  stated  that  in  the  neigbbourhoodof  Birmingham  alone,  itfiinushes 
highly-c 
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Women,  and  children,  who  are  employed  in  nail-making,  besides  being  applied 
to  an  infinite  varie^  of  other  purposes.  The  slitting  is  performed  by  what  we 
would  define  to  be  a  series  of  circidar  shears,  formed  by  the  continued  contact 
of  a  pair  of  deeply-grooved  steeled  rollers,  which  cut  by  the  intersection  of 
their  angular  edges,  as  will  be  clearly  undentood  by  reference  to  the  subjoined 
engraving,  which  exhibits  a  pair  of  slitting 
Tolli,  adapted  to  iht  a  flat  bar  or  slab,  of 
about  seven  bchet  wide,  into  thirteen 
equal  parts.  An  end  view  of  this  slab  is 
intended  to  he  represented  at  a,  and  by 
presenting  it  between  the  two  roll*  utbb 
It  is  obvious  that  the  edfes,  as  they  inter- 
sect each  other  in  tlieir  revolution,  will 
divide  the  slab  in  the  manner  shown  ato, 
and  force  them  into  the  cnviljes  between 
theiti,  in  which  manner  they  will  pass  out 
of  the  rolls  in  a  finished  state,  requiring 
only  to  he  tied  up  into  bundles  ailerwards, 
of  the  usual  weight  of  56  lbs.  To  faci- 
litate the  operation  of  slitting,  the  bar 
passes  from  the  rolls  where  it  has  been 

formed  of  the  required  dimensions,'  in  it*  red-hot  slate,  du'ectly  between  the 
slitter*.  In  this  manner  upwards  of  thirty  rods,  of  a  small  aiie,  are  made  at 
e  by  a  single  revolution  of  a  pair  of  rolli.     As  the  sizes  and  forma  of  the 


rod*  required  are  extremely  variouH,  it  is  necessary  in  a  slitting  mill  to  have 
the  least,  two  pair  of  rolls  for  each  size,  that  a  ^sbty-tumed  pair  may  be  in 
readiness  to  supply  the  place  of  those  which  become  worn  or  damaged.  Silt 
rods  are  always  more  or  less  racged  at  their  edges,  but  this  is  of  trifling  import 
com[Mired  to  the  advantage  of  their  great  cheapness,  especially  in  the  malting 
of  nails,  where  they  have  to  be  drawn  out  under  the  hammer.    To  prevent  any 
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coniiderable  bunr,  or  ruggedness  of  edge  in  the  rods,  the  slitting  rolls  are  turned 
with  ereat  care  and  truth,  so  as  accurately  to  fit  each  other 

RoUmg  cf  Plate  cr  Sheet  Iron  is  performed  between  perfectly  plain  rolls,  as 
before  mentioned,  for  hoops;  but  the  rolls  are  necessarily  of  greater  dimensions, 
frequently  as  wide  as  five  feet ;  and  of  course  a  very  great  power  is  required 
to  compress  at  once  so  extensive  a  line  of  surface.  For  ordinary  sheet  iron, 
Mich  as  is  called  **  double  and  single  plate,"  only  one  pair  of  rolls  is  employed 
at  a  time,  the  rolls  being  set  nearer  together  by  regulating  screws,  each  suc- 
ceeding time  that  a  sheet  is  passed  through.  In  rolling  boiler  plates,  which  are 
often  more  than  half  an  inch  in  thickness,  and  weigh  more  than  2  cwt.  each, 
the  manual  labour  is  very  severe.  The  iron  for  these  plates  is  prepared  by 
making  a  pile  of  rough  bars,  which  is  heated  in  an  air  furnace,  and  then 
subjected  to  the  action  of  the  great  forge  hammer,  already  described,  which 
reduces  the  pile  to  a  thick  slab^  the  forgers  moving  it  under  the  hammer,  so  as 
to  give  it  somewhat  of  the  figure,  as  to  length  and  breadth,  required  for  the 
finished  boiler  plate.  It  is  then  heated  again  in  the  furnace,  and  rolled  to  the 
required  thickness  by  repeatedly  passing  the  plate  between  the  rolls,  the  rollers 
adjusting  the  rolls  nearer  together  each  succeeding  time,  and  taking  due  care  to 
present  the  plate  in  such  positions  as  will  extend  it  to  the  required  shape  and 
dimensions,  sometimes  making  it  enter  the  rolls  comer  ways,  sometimes  length- 
ways, and  sometimes  breadth  ways ;  the  skill  and  efforts  of  the  workman  being 
directed  to  bringing  the  plate  to  the  required  form  and  dimensions  at  one  heat, 
and  so  as  to  require  but  very  little  superfluous  edging  to  be  subsequently  taken 
oflT  by  the  shears. 

BotUng  Rode. — Round  rods,  and  those  of  a  square  or  flat  shape,  that  are 
required  more  perfect  in  their  figure,  and  with  a  smoother  surface  than  those 
which  are  split  by  the  process  described,  are  made  by  rolling  with  small  roUs 
that  are  case-hardened,  and  have  their  grooves  very  nicely  formed.  They  are 
usually  from  six  to  seven  inches  in  diameter,  and  make  from  230  to  260  revo- 
lutions per  minute,  and  the  rods,  whilst  between  the  rolls,  are  drawn  through 
them  at  the  same  velocity.  Thev  are  rolled  of  great  lengths,  sometimes  upwaras 
of  forty  feet,  and  are  aherwards  cut  to  the  required  lengths,  and  tied  into 
bundles  of  56  lbs.  each.  Round  rods  are  thus  rolled  so  small  (about  three- 
sixteenths  of  an  inch),  as  to  form  a  very  useful  and  cheap  substitute  for  wire. 
It  is  extensively  used  by  wire-workers,  and  in  making  "  invisible  fences ;"  also 
by  tinmen,  coppersmiths,  and  other  trades ;  but  especially  in  those  cases  where 
it  is  covered  over,  and  employed  to  stiffen  flexible  substances. 
'  Bed-Shorty  is  a  term  given  to  bar  iron  that  has  the  defect  of  cracking  or 
breaking,  when  punched  or  bent,  while  at  a  red  heat  It  is  generally  very 
strong  when  cold,  and  therefore  useful  in  that  state ;  and  when  it  is  worked, 
care  should  be  taken  by  the  smith  not  to  subject  it  to  severe  strains  at  that 
peculiar  heat  in  which  it  is  disposed  to  give  way. 

Cold-Short,  is  that  kind  of  iron  that  readily  breaks  when  cold,  but  is  easily 
wrought  under  the  hammer  when  heated. 

TeetiM  the  QualUy  of  Iron  is  usually  performed  by  cutting  a  nick  on  one  side 
of  it  with  a  cold  chisel,  then  bending  it  down,  or  giving  it  a  blow  with  a  sledge 
hammer.  If  the  iron  be  bad,  or  cold-short,  it  will  break,  and  exhibit  a  re- 
splendent, crystallized  fracture;  if,  on  the  contrary,  the  micut  part  bends  back, 
and  exhibits  the  appearance  of  a  bundle  of  silky-looking  fibres,  such  iron  will 
probably  stand  the  neated  test  of  bending  it  double  whibt  at  a  cherry-red  heat, 
first  in  the  direction  of  the  pile,  and  afterwards  at  right  angles  to  it  If  the 
iron  does  not  crack  by  these  tests,  it  is  neither  cold-short  nor  red-short,  but  of 
a  tough  fifood  quality.  We  have  now  given  a  pretty  general  outline  of  the 
process  of  making  common  malleable  iron,  but  there  remains  to  be  expbined  in 
what  respect  the  processes  differ  in  the  preparation  of  the  superior  kinds. 

Best  MaUeahle  Iron, — The  correct  meaning  of  the  term  "  best "  is  very 
different  to  the  signification  of  it  in  the  iron  trade,  in  which  it  now  implies  the 
next  better  quahty  than  common ;  and  it  is  usually  said  to  be  made  by  a 
repetition  of  the  process  at  the  balling  furnace,  the  forge,  and  the  rough  rolls ; 
that  is  to  say,  the  rough  bar  of  the  common  iron  already  deKribed,  is  cut,  piled, 
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and  made  into  a  bloom  once  more,  which  confers  upon  the  metal  a  more  fibrous 
texture,  and  considerably  increases  its  toughness  and  elasticity.  We  believe^ 
however,  that  much  of  the  iron  that  is  sold  under  this  denomination  undergoes 
a  different  process,  which  does  not  improve  the  quality  to  the  same  extent.  We 
are  informed  that  best  iron  is  more  commonly  prepared  from  pig  metal  of  a 
better  quality,  namely,  the  dark  grey,  whose  fracture  is  briUiant,  and  of  a 
silvery  white  colour.  These  are  careAiUy  refined  and  puddled,  without  any 
admixture  of  inferior  materials ;  the  bloom  is  well  hammered,  and  when  rolled 
out  into  rough  bar,  it  is  made  thinner  than  for  common  iron;  this  is  afterwards 
cut  into  short  lengths,  piled,  reheated,  and  rolled  out  to  the  required  size,  as  in 
common  iron. 

Scrap  Iron, — ^There  is  another  kind  of  best  iron,  distinguished  by  the  name 
of  "  scrap-iron,"  being  made  up  of  all  the  tcrapi,  short  lengths,  ends  cut  off 
the  finished  bars,  as  before  explained,  and  all  the  little  bits  of  wrought  iron 
that  can  be  collected  together.  Of  these  there  is  always  a  considerable  quantity 
accumulating  in  an  iron  work ;  the  larger  pieces  are  made  up  into  piles,  and 
the  smaller  mto  balls.  The  piles  may  be  heated  to  a  welding  heat,  and  rolled 
at  once  into  finished  bars,  but  the  balls,  consisting  of  smaller  pieces,  are  shingled 
under  the  great  hammer,  to  consolidate  them  and  bring  them  into  the  form  of 
a  bloom.  This  bloom  is  reheated,  and  when  rolled,  produces  excellent  tough 
iron,  superior  to  the  piled  scraps  that  have  not  been  shingled.  Scrap-iron,  thus 
reworked,  often  produces  so  excellent  a  quality,  as  to  fall  under  the  denomination 
of  the  next  described  quality  of  iron,  namely. 

Best-best  Iron^  No.  3,  Chain-cable  Iron. — ^These  names,  and  various  others 
intended  to  denote  the  superlative  degree,  are  given  by  manufacturers  to  that 
kind  of  iron  which  is  deemed  to  be,  in  reality,  of  the  best  quality,  prepared 
with  mineral  coal.  This  metal  is  chiefly  manufactured  for  the  purpose  of 
enabling  it  to  resist  most  effectually  a  longitudinal  strain  or  tension ;  and  the 
property  is  best  acquired  by  the  careful  selection  of  the  best  materials,  and 
repeatedly  cutting,  piling,  shingling,  and  rolling,  as  before  explained.  In  the 
preparation  of  this  superlative  c^ality  of  iron,  the  utmost  attention  to  the  process 
IS  necessary;  and  any  bloom  or  bar  that  may  be  incidentally  injured  in  its 
tenacity  should  be  rejected  by  the  manu&cturer,  whose  reputation  might  be 
injured  by  such  iron  receiving  the  mark  that  properly  belongs  only  to  the 
primest  quality.  It  is  thb  kind  of  iron  which  is  chiefly  employed  in  the  making 
of  chain-cables,  in  tie-rods  and  bolts,  that  are  subjected  to  a  powerful  strain. 

Charcoal  Iron, — This  term  is  originaDy  applied  to  such  iron  only  as  had  been 
prepared  solely  with  wood  charcoal,  firom  the  ore  to  the  malleable  and  finished 
state ;  but  now  the  name  of  charcoal  iron  is  given  to  malleable  iron,  the  ore  of 
which  may  have  been  smelted  with  coke,  in  the  ordinary  blast  furnace ;  and  it 
acquires  its  distinguishing  name  from  the  circumstance  of  its  being  re/tnedwitk 
wood  charcoal.  The  process  of  refining,  and  also  that  of  puddling,  are  per- 
formed as  one  in  a  puddling  furnace,  wherein  it  "  comes  round  to  nature,** 
combined  with  less  impurities  than  by  the  common  mode  described.  The  bloom, 
when  taken  out  of  the  furnace,  is  put  under  the  heavy  hammer,  and  brought 
to  the  form  of  a  flat  cake,  when  intended  for  sheet  iron,  in  which  state  it  is 
denominated  stamped  iron.  The  stamped  iron  is  next  broken  into  pieces,  pfled, 
heated,  and  again  put  under  the  hammer,  which  reduces  it  to  a  slab  of  about 
one  hundred-weight  These  slabs  are  used  for  a  variety  of  purposes;  but  tbeir 
chief  application  is  by  the  manufacturers  of  tinned  plates,  who  reduce  the 
" charcoal  slabs"  to  the  required  thinness  preparatory  to  the  tinning  operation* 
(See  TiNNiMo.)  When  the  charcoal  iron  is  required  for  bars^  it  is  treated  in  all 
respects  in  the  same  manner  as  in  makine  of  Uie  very  best  chain-cable  iron. 
Owing  to  the  large  quantity  and  expensive  nature  of  the  fuel  employed, 
charcoal  iron  is  much  dearer  than  coke  iron ;  yet,  from  its  great  toughness  and 
uniformity^  of  texture,  it  is  always  preferred  by  engineers  in  the  fabricatim  of 
steam-engine  boilers,  and,  generally  speaking,  for  all  the  important  parts  of 
machinery  that  are  liable  to  severe  tension. 

Re-mamtfaetured  Iron. — Worn-out  and  broken  articles  of  iron,  termed  <dd 
iron,  are  collected  throughout  the  country,  and  purchased  by  a  class  c^  tradesmen 
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'  called  dealers  in  marine  stores,  who  sort  tliem  into  three  kinds  for  sale.     The 

*  first  is  called  ''coach-tire,"  and  consists  of  the  old  wheel  tire  of  can-iages,  and 

^  other  lar^e  pieces ;   the  second  is  called  "  nut,  or  scrap  iron,"  and  consists  of 

nuts,  nails,  screws,  holdfasts,  hinges,  and  an  infinite  variety  of  little  solid 
i'  pieces;    tlie  third  is  called  <* bushel  iron,"  and  consists  chiefly  of  very  thin 

f  articles  of  iron,  such  as  those  which  have  been  of  rolled  sheets  or  hoops.     The 

last-mentioned  is  of  the  least  value,  on  account  of  the  great  waste  by  oxidation, 
and  the  trouble  attending  it.  The  iron  so  collected  and  separated  by  the  dealers 
is  so  considerable  in  and  near  London,  that  although  a  large  portion  of  it  is 
sent  by  the  Grand  Junction  Canal  to  the  works  in  Staifordshire,  and  another 
large  portion  of  it  is  shipped  on  board  the  coal  ships,  in  lieu  of  ballast,  for  the 
Newcastle  works,  still  there  is  a  sufficient  supply  for  three  iron  works  near 
the  metropolis ;  namely,  one  at  Wandsworth,  anotlier  at  Chelsea,  and  a  third 
at  Rotherhithe.  The  last- mentioned,  called  the  King  and  Queen  iron  works,  is  a 
very  old  establishment,  and  the  most  considerable  of  the  metropolitan  works, 
the  quantity  of  hoops  and  bars  made  there  being  from  fifty  to  a  hundred  tons 
weekly:  the  (quality,  also,  of  the  iron  manufactured  at  this  work  (well  known  in 
the  trade  as  Kmg  and  Queen  iron)  is  justly  celebrated,  which  may  be  accounted  for 
by  these  circumstances — nothing  but  old  iron  being  used,  the  machinery  being 
of  the  most  improved  kind,  and  a  vigilant  attention  to  the  essential  parts  of  the 
process.  By  the  liberality  of  the  proprietor,  Mr.  Howard,  we  have  had  an 
opportunity  of  inspecting  this  work,  of  which  we  shall  give  such  a  brief  notice 
OS  will  enable  us  tnereby  to  complete  our  account  of  the  manufacture  of  English 
malleable  iron. 

A  number  of  poor  women  are  employed  in  piling  up  the  scrap-iron  into  balls, 
as  they  are  called ;  btit  the  form  is  that  of  a  short  cylinder,  resembling  in  size  and 
figure  the  crown  of  a  man's  hat,  somewhat  narrower  at  the  top  Uian  at  the 
bottom.  A  flat  circular  piece  of  sheet  iron  forms  the  foundation,  and  on  that 
is  raised  the  fabric,  the  larger  pieces  on  the  outside,  the  smaller  in  the  inside,  to 
fill  up  the  interstices,  and  the  whole  as  solid  and  compact  as  can  readily  be 
done.  Care  is  especially  taken  not  to  put  any  little  bits  of  brass  or  copper  that 
may  be  accidentally  mixed  with  the  iron  into  the  piles,  which  would  prevent 
the  consolidation  or  welding  of  the  mass ;  and,  to  encourage  the  vigilance  of 
the  pilers,  they  are  allowed  the  copper  and  brass  they  may  thus  find  as  perqui- 
sites. The  balls  are  put  into  a  reverberatory  furnace,  similar  to.  the  puddhng 
furnace  we  have  described :  when  brought  to  the  proper  welding  heat,  they  are 
subjected  to  compression  by  a  "  squeezer ;"  this  is  necessarily  a  very  strong 
machine ;  it  is  composed  of  a  fixed  lower  jaw,  of  great  massiveness  and  breadth 
(about  a  foot  of  superficies)  on  which  the  ball  is  laid,  and  is  operated  upon  by 
the  motion  and  force  of  the  upper  jaw,  which,  being  actuated  hy  the  engine,  is 
continually  opening  and  shutting  during  the  process,  and  thus  it  chews,  as  it 
were,  by  half  a  dozen  or  a  dozen  bites,  the  great  ball  of  iron  into  a  suitable 
shape  to  be  passed  between  the  shingling  rolb,  whereby  it  is,  in  a  few  seconds, 
reduced  to  a  short,  very  tliick  bar  or  bloom.  This  bloom  is  re-heated  in  an  air 
furnace,  and  then  it  is  reduced  between  the  rollers  to  a  bar,  a  ulate,  or  a  hoop, 
equal  in  quality  to  the  **  best  iron  "  from  pigs ;  but  it  is,  nevertheless,  the  com- 
monest iron  made  in  this  re-manufacturing  process. 

We  have  now  to  explain  the  mode  of  preparing  the  larger  pieces  of  old  iron 
before-mentioned  for  re-manufacture.  A  number  of  men  and  boys  are  employed 
in  clipping,  with  large  fixed  hand  shears,  the  old  hoops  into  convenient  lengths, 
and  other  old  articles  into  suitable  sizes,  to  be  afterwards  made  up  into  bundles, 
called  faggots.  The  wheel  tire,  which  requires  great  force  to  cut  through,  is 
effected  with  a  pair  of  shears  worked  by  the  steam-engine :  the  materials,  as  they 
are  cut,  fall  into  barrows,  in  which  they  are  conveyed  to  the  faggotting  depart- 
ment, where  several  men  are  employed  m  prejuuring  the  faegots  at  a  stout  bench, 
on  which  are  fixed  convenient  little  machnies,  for  facilitating  the  operation. 
One  of  these  is  represented  at  page  782.  a  a  is  a  stout  bridge-piece,  in  tne  centre 
of  which  works  the  screw  b,  by  turning  the  handles  c  c;  d  d  are  two  forked 
bearers,  in  which  are  laid  two  soft  iron  rands  e  « ,  bended  to  fit  the  square  to  the 
bottom  of  the  bearers.     On  these  bands  is  first  laid  a  piece  of  whe«f-tire  /;  on 
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this  tire,  pieces  of  hoop  and'other  thin  stuff  are  then  evenly  laid,  which  last  aie 
covered  with  another  piece  of  tire  g.  Their  crooked  or  curved  forms  prevent 
their  laying  so  close  together  as  is  deairahle;  the  turning  of  the  screw,  however, 
foixes  them  together  very  compactly,  as  shown  ia  the  sketch.    Thus  held  down 


hy  the  screw,  the  hands  e  e  are  hrought  together  and  twisted,  which  holds  them 
fast,  and  the  faggot  is  completed.  The  screw  is  tamed  hack,  the  faggot  taken 
out,  and  others  are  made  in  like  manner.  The  sixes  of  the  faggots  vary  much, 
being  proportioned  to  the  size  of  the  bar,  or  other  article  to  he  made  of  it.  If 
not  more  than  twenty  or  thirty  pounds  each,  as  required  for  making  puncheon, 
butt,  or  vat  hoops,  or  small  bars,  they  are,  after  being  duly  heated  in  the 
furnace,  at  once  rolled  out  into  their  intended  dimensions.  If  the  fiiggots  are 
large,  they  are  heated  and  shingled  into  blooms,  which  are  again  heated  when 
required  to  be  rolled  out  It  is  the  practice  at  these  works,  as  well  as  others, 
to  prepare  larve  Quantities  of  blooms,  to  be  keot  as  stock ;  but  there  is  a  ^st 
economy  in  finishing  the  work  by  the  first  neat  of  the  faggot,  and  this  is 
facilitated  by  the  quickness  at  which  the  rolls  travel  in  making  the  lighter 
articles  above-mentioned;  and  when,  as  at  these  works,  the  rolling  is  cTOCted 
by  three  rollers,  one  above  another,  by  which  the  iron  is  rolled  both  backwards 
and  forwwds  (as  before  explained),  a  very  long  bar  or  hoop  is  completed  in 
little  more  than  half  a  minute,  and,  consequently,  while  the  iron  retains  a  good 
heat 

The  first  quality,  or  best  king  and  queen  iron,  is  thus  prepared : — a  baU  or 
fSnggot,  being  duly  heated,  is  first  compressed  a  little  by  the  squeezer,  then  rolled 
to  a  flat  bar  in  the  shingling  rolls;  the  bar  is  next  cut  into  pieces,  piled, 
re-heated,  and  made  into  a  heti  bloom  under  the  shingling  hammer.  This  best 
bloom  is  next  re-heated,  passed  through  the  roughing  roBs,  and  then  through 
the  finishing  rolls,  whereby  it  is  brought  to  the  form  required.  It  is  an  important 
consideration,  that  much  of  the  old  iron  used  in  the  re-manufacturing  process 
was  originally  the  "  best "  iron  of  the  first  manufacturer ;  and  that  as  the 
greater  part  of  the  old  iron  has  been  inqtroved  at  the  blacksmith's  forge,  it  may 
safely  be  said,  that  where  the  processes  of  refinement  of  the  first  mani;^actaref 
leave  o£^  those  of  the  re-manufacturer  begin :  and  as  it  is  universally  admitted 
that  the  more  iron  is  worked,  the  better  it  becomes,  (which  is  indeed  proved  by 
the  extreme  tenacity  of  fine  iron  wire,)  it  seems  to  follow,  that  the  re-manu&e- 
tured  iron  we  have  been  describing  must  be  greatly  superior  to  that  which  is 
newly  made  from  pigs,  however  carefully  the  process  may  have  been  conducted, 
or  however  often  it  may  have  been  repeated. 

Busrian  and  Swedish  Irmu,  which  were  formerly  usually  employed  in  our  iron 
manufactures,  are  still  applied  extensively  at  Sheffield  and  some  other  places,  in 
the  fabrication  of  the  superior  kinds  of  steel  and  fine  cutting  instruments ;  hot 
their  application  to  other  purposes  is  extremely  limited,  on  account  of  their  much 
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greater  cost  than  out  own  best  charcoal  iron,  which  is  icarcely  inferior  for  moat 
pmposea  to  which  har  iron  is  applied.  The  Russian  and  Swedish  irons  are 
entirely  converted  and  refined  witn  charcoal  by  processes  so  similar  to  our  own 
as  not  to  need  description.  These  valuable  foreign  irons  are  mwe  particularly 
noticed  under  the  sub-head  Steel  in  this  article. 

Malleable  CoBiriron,  A  very  extensive  manufacture  of  iron  articles  is  now 
carried  on  at  Birmingham,  Sheffield,  and  other  places^  which  although  they  are 
cast  firom  fluid  metal,  are  neverthdess  malleable.  This  property  is  derived 
from  two  causes ;  first,  the  pigs  ara  prroared  firom  the  rich  and  pure  iron  ores 
of  Cumberland ;  and  the  metal  thus  obtained  is  combined  witn  but  a  smidl 
quantity  of  carbon,  so  as  nearly  to  resemble  steel  in  colour,  hardness,  and  the 
brilliancy  of  its  firacture ;  and  it  has  in  consequence  been  designated  by  some 
manufacturers,  run  HeeL  An  infinite  variety  of  articles,  including  nails, 
saddlers'  ironmongery,  (and  particularly  such  ffoods  as  afterwards  receive 
another  metallic  coat,  as  those  which  are  plated  upon  Heel,)  are  cast  from 
this  metal.  The  castings  thus  produced  are  exceedingly  brittle;  but  this 
property  is  entirely  destroyed  by  a  process  termed  annealing,  in  which  the 
metal  is  deprived  of  the  carbon  to  which  its  previous  fiisibSitv  was  owing, 
and  is  in  consequence  brought  to  that  state  of  wrought  iron  requiring  onlv  the 
operations  of  the  shingling  forge  and  rollers  to  give  it  a  laminated  and  fibrous 
texture.  Nails  made  by  this  process  may  be  drawn  out  longer,  and  bent 
backwards  and  forwards,  without  breaking.  The  metal  is  however  not  so 
strong  or  tough  as  hammered  and  rolled  iron ;  the  discovery  of  the  process  is 
nevertheless  of  great  value,  as  many  excellent  articles  are  produced  in  conse- 
quence, which  would  not  without  it  be  made  at  double  the  cost.  The  discoverer 
of  this  mode  of  converting  cast-iron  goods  into  malleable,  was  Mr.  Samuel 
Lucas,  of  Sheffield,  who  took  out  a  patent  for  it  in  1804;  the  specification  of 
which  we  shall  annex,  as  there  are  some  manufacturers  who,  while  they  avail 
themselves  of  Lucas's  process,  assume  it  to  be  their  own  discovery,  in  conse- 
quence of  making  some  unimportant  variations.  "  I  declare  that  my  said 
invention  of  separating  the  impurities  from  crude  or  cast-iron  without  fusine 
or  melting  it,  and  of  rendering  the  same  malleable  and  proper  for  the  severfu 
purposes  for  which  forged  or  rolled  iron  was  used,  and  also,  by  the  same 
method,  of  improving  articles  manufactured  of  cast-iron,  and  thereby  rendering 
cast  or  crude  iron  applicable  to  a  variety  of  new  and  useful  purposes,  is  thus 
to  be  performed: — the  ^ig,  or  cast-iron,  being  first  made  or  cast  into  such  form 
as  may  be  most  convenient  for  the  purpose  intended,  it  is  to  be  put  into  a  steel- 
converting,  or  other  proper  furnace,  together  with  a  suitable  quantity  of  iron 
istone,  iron  ore,  some  of  the  metallic  oxides,  lime,  or  any  combination  of  these, 
{previouslv  reduced  to  powder,  or  into  small  pieces,)  or  with  any  other  substance 
capable  of  combining  with,  or  absorbing  the  carbon  of  crude  iron.  A  degree 
of  neat  is  then  to  be  applied,  so  intense  as  to  effect  an  union  of  the  carbon  of  the 
cast-iron  with  the  substance  made  use  of,  and  continued  so  long  a  time  as  shall  be 
found  necessary  to  make  the  cast-iron  either  partially  or  perfectly  malleable,  accor- 
ding to  the  purposes  for  which  it  may  be  wanted.  If  it  be  intended  to  make  the 
iron  perfectly  malleable,  from  one  half  to  two-thirds  of  its  weight  of  iron  stone, 
iron  ore,  or  other  substance,  will  be  found  necessary ;  if  only  partially  so,  a 
much  less  quantity  will  be  sufficient  Five  or  six  days  and  nights  will  in 
general  be  found  sufficient,  during  which  to  continue  the  heat,  which  towards  the 
close  of  the  process  cannot  be  too  great  Care  should  be  taken  that  the  pieces 
of  cast-iron  be  not  of  too  great  thickness,  as  it  would  have  the  effect  of  length- 
ening the  process.  But  the  proportion  of  the  several  substances  made  use  of, 
and  the  degree  and  duration  of  the  heat  to  be  applied,  must  greatly  depend,  not 
only  on  the  nature  of  those  substances,  but  also  on  the  nature  and  quality  of 
the  pig  or  cast  iron  employed,  a  knowledge  of  which  can  be  obtained  only  bv 
experience.  27ie  catt-iron  to  be  rendered  malleable,  and  the  tuhstances  to  be  made 
tue  of  for  that  purpose,  may  be  placed  in  (he  furnace  in  alternate  layers;  and  in 
order  to  prevent  the  iron  stone,  or  iron  ore  from  adhering  to  the  iron,  a  tJiin  layer 
of  sand  may  be  placed  between  them.  For  the  improvement  ef  artkUs  numftfae- 
iured  of  cast-iron,  the  same  directions  may  be  Aterved;  ^except  that  when  tht 
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drticks  are  small,  a  Ut$  proportion  of  the  tttb$tanc9S  for  proAtetM  mdUMH^ 
vnU  he  required,  and  alto  a  leu  degree  and  contmuation  of  the  heat. 

Steel,  We  place  this  wel]  known  invaluable  substance  under  the  head  of  iron, 
in  preference  to  its  own  initial  letter,  considering  that  we  may,  with  far  more 
propriety,  class  it  under  that  denomination  than  eaet-iron;  for  the  latter,  which 
ever^'  body  maintains  to  be  iron,  contains  more  foreign  matter  than  steel,  and 
of  the  very  same  kind ;  cast-iron  containing  about  7  per  cent  of  carbon  or 
other  matter,  and  steel  considerably  less  than  one  per  cent. ;  even  so  little  in 
some  specimens,  as  a  four-hundredth  part  Steel  is  besides  so  much  like  malle- 
able iron,  in  density  and  hardness,  that  few  persous,  comparatively  speaking, 
know  how  to  distinguish  one  from  the  other.  The  difference  between  common 
steel  and  common  cast-iron  we  understand  to  be  this ;  that  steel  is  a  very  com- 
pact and  nearly  pure  iron,  rendered  more  dense  and  hard  by  an  intimate  com- 
nination  with  a  minute  portion  of  carbon,  with  which  in  some  specimens  is 
found  maneanese  and  stlex ;  and  that  cast-iron  is  a  less  dense  and  very  impure 
iron,  combmed  in  an  almost  granulated  state  with  a  lai^e  proportion  of  carbon 
and  other  matters.  We  are  supported  in  this  view  of  the  subject  by  the  fact 
that  in  the  manufacture  of  steel  with  bar  iron  and  charcoal,  by  the  process 
called  cementation,  tiie  iron  is  increased  in  its  specific  ^vitv ;  but  if  the  pro- 
cess of  cementation  be  continued  beyond  the  proper  limits,  the  iron  will  absori) 
more  and  more  carbon,  until  it  becomes  disintegrated,  and  runs  down  into  cast- 
iron,  the  loose  texture  of  which  is  indicated  by  its  greatly  reduced  specific 
gravity. 

The  specific  gravity  of  steel  is 7.827 

„  malleable  iron  is     .  7.788 

„  cast-iron  is    .    .    .  7.207 

Now  white  cast-iron  contains  much  less  carbon  than  black  cast-iron,  and  in 
consequence  approximates  more  to  the  nature  of  steel.  But  white  pig  metal, 
obtained  from  the  generality  of  British  ores,  and  smelted  with  coke,  contains  so 
much  .impurity,  that  our  manufactiurers,  rather  than  make  steel  direct,  by 
abstracting  the  principal  portion  of  the  carbon  from  the  pig,  prefer  purging  the 
latter  entirely  or  its  carbon  and  other  matters,  by  the  expulsion  of  which  it  is 
converted  into  malleable  iron,  (as  already  fuUy  explained  in  the  iron  manufac- 
tures ;)  and  then  giving  the  malleable  iron  that  small  dose  of  carbon  by  wbicb 
it  is  made  into  steel. 

Natural  SteeL^-ln  those  countries  where  iron  ores  are  found  extremely  rich 
and  pure,  and  their  reduction  is  efiected  by  charcoal,  excellent  steel  is  produced 
from  cast-iron,  without  an  intermediate  process ;  and  this  kind  of  steel  has  io 
consequence  received  the  distiueuishing  name  of  Natural  Steel.  Formerly,  this 
kind  of  steel  was  fabricated  ana  chiefly  used  in  this  country,  and  it  is  still  made 
in  Styria  and  Catalonia,  with  great  success.  The  French  some  time  ago 
attempted  the  imitation,  but  notwithstanding  some  of  their  most  scientific  men 
were  engaged  in  the  undertaking,  they  failed  in  obtaining  a  natural  steel  equal 
to  that  which  they  imported  fh)m  Germany.  It  had  been  previously  asserted 
by  Beremann,  that  the  natural  steel  of  the  Styrian  and  Nassau  Liegen  fotm- 
dries,  derived  its  excellence  from  containing  a  portion  of  manganese ;  and  this 
opinion  was  subsequently  corroborated  by  a  writer  in  the  Armales  de  Chioueg  wbo 
had  made  some  comparative  analyses  of  the  ores  used  in  France  and  Germany. 
In  support  of  his  opinion,  he  mentions  the  fact  that  in  the  temtoriea  of  Nassau 
Liegen,  there  are  mines  of  manganese,  and  that  the  black  oxide  of  that  metal  it 
employed  as  a  flux  in  smelting  iron  intended  for  steel  when  their  ores  are  found 
to  be  naturally  deficient  of  that  substance.  This  writer  states,  that  steel  in 
general,  but  particularly  natural  steel,  is  essentially  an  alloy  of  iron  and  manga- 
nese, combined  with  carbon,  and  that  this  alloy  is  the  natural  steel  of  Germany, 
generally  in  these  proportions: — 

Iron 96.84 

Manganese 2.16 

Carbon 1.00 

100.00 
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Hence  be  condudes  that  ffoocl  natural  ateel  ought  to  contain  twice  as  much 
manganese  as  iron.  Several  years  ago,  the  writer  of  this  artiole  (having  a  dif- 
ferent object  in  view)  mixed  some  black  oxide  of  manganese  with  melted  cast- 
iron,  and  the  result  was  an  exceedingly  hard  alloy,  resembling  steel.  For 
obtaining  natural  steel,  the  ore  is  smelted,  as  for  iron  in  blast  furnaces ;  but  the 
blast  given  is  weaker,  and  is  directed  not  upon  the  metal,  but  in  a  horizontal 
direction  above  it.  The  metal  is  kept  covered  with  slag,  and  is  not  disturbed 
by  stirring.  When  the  iron  is  judged  to  be  sufficiently  refined,  and  has 
become  nearly  solid,  it  is  taken  out  of  tlie  furnace  and  forged;  after  this, 
natural  steel  is  withdrawn,  there  remains  at  the  bottom  of  the  furnace  one  or 
more  pigs  of  cast-iron,  rather  hard,  which  are  generally  employed  in  fabricating 
implements  of  husbandrv.  The  natural  steel  of  Germany  is  extensively  em- 
ployed on  the  continent  m  the  making  of  files,  and  various  sorts  of  tools.  The 
celebrated  steel  from  Damascus,  called  damask  steel,  and  that  from  Bombay, 
called  Wootz,  are  both  natural  steels,  being  converted  directly  from  the  ore  m 
crucibles.  These  "  fancy  steels,"  however,  we  shall  take  some  further  notice  of, 
after  having  explained  the  more  important  operations  of  our  manufacturers. 

Blistered  SteeL — ^The  first  process  employed  by  our  manufacturers  in  the  pre- 
paration of  steel  is  to  stratify  maUeable  oar  iron  with  pounded  charcoal  in  aftex^ 
nate  layers,  in  a  dose  furnace,  to  cause  a  gradual  absorption  of  the  carbon  by 
the  metal.  In  the  engraving  on  p.  786,  Fig,  1  represents  a  vertical  section  of 
the  kind  of  furnace  employed  for  this  purpose ;  and  Itg,  2  represents  a  plan  of 
the  interior  structure,  without  the  external  conical  walls  which  surround  it.  a 
and  b  are  the  troughs,  called  cementing  pots,  in  which  the  bars  of  iron  are  laid  to 
be  converted  into  steel ;  the  pots  are  made  of  a  peculiar  kind  of  fire-stone,  not 
liable  to  crack  or  fuse;  their  dimensions  are  usually  from  10  to  15  feet  long, 
and  from  24  to  30  inches  in  width  and  depth.  The  bars  of  iron,  and  the  pow- 
dered charcoal  are  laid  in  tlie  pots  in  alternate  strata;  the  upper  stratum  of 
bars  being  covered  with  a  thicker  layer  of  charcoal  than  those  underneath ;  above 
which  is  also  laid  a  mixture  of  sand  and  clay,  to  prevent  the  charcoal  from  entering 
into  combustion  by  access  of  the  outward  air.  c  is  the  external  cone,  of  strong 
masonry  or  brickwork,  of  from  40  to  50  feet  high.  Inside  this  superstructure  is 
a  smaller  conical  dome  d,  called  the  vault,  which  is  built  substantially  of  fire-brick, 
or  other  material,  capable  of  withstanding  an  intense  heat.  The  vault  rests  upon 
external  walls  e  e,  at  a  distance  from  those  which  support  the  external  cone,  and 
the  space  between  them  is  filled  up  with  rubbish,  sand,  &c.  The  cementing  pots 
a  and  b  are  supported  upon  a  series  of  detached  courses  of  fire-brick,  leaving 
spaces  or  flues  between  them  to  conduct  the  flame  under  the  pots.  In  the  same 
manner  the  sides  of  the  pots  are  supported  from  tlie  vertical  walls  of  the  vault, 
and  from  each  other  by  a  few  detached  stones,  so  as  to  intercept  the  heat  The 
vault  has  a  series  of  short  chimneys  to  conduct  the  smoke  into  the  great  cone 
c,  as  shown  tit  ff.  In  the  front  of  the  furnace,  an  aperture  is  made  through 
the  external  building,  and  another  corresponding  in  the  walls  of  the  vault ; 
these  openings  form  the  door,  at  which  a  man  enters  the  vault  to  put  in  or  take 
out  the  iron ;  but  when  the  furnace  is  lighted,  these  doors  are  closed  by  fire- 
bricks, luted  with  fire-clay.  Each  pot  has  also  small  openings  at  each  end, 
through  which  the  ends  of  two  or  three  bars  are  left  projecting  in  such  a  manner 
that,  b}'  only  removing  one  loose  brick  from  the  external  building,  the  bars  can 
be  drawn  out  without  distiurbing  the  process,  to  examine  the  progress  of  the 
conversion  from  time  to  time ;  tliese  are  called  tap-holes,  and  should  be  placed 
in  the  centre  of  the  pots  to  obtain  a  fair  specimen  of  their  product  The  fire- 
grate is  shown  in  Fiff,  1  at  ^,  consisting  of  bars  laid  over  the  ash-pit  A,  which 
must  have  a  free  communication  with  Hie  open  air.  The  attendant  examines 
the  state  of  the  fire  from  the  ash-pit  h,  which  has  steps  leading  down  to  it,  and 
when  be  perceives  any  part  of  the  fire  not  very  brignt  or  fierce,  he  thrusts  a 
long  hooked  bar  through  the  grating,  and  opens  a  passage  for  the  air.  The 
fire-place  has  no  door,  being  built  open  at  each  end ;  but  a  quantity  of  coals  is 
pUed  up  before  each  aperture,  so  as  to  close  the  openings,  and  answer  effectually 
the  purposes  of  doors ;  from  this  heap  of  coals  the  workman  shoves  in,  with  a 
kind  of  long  hoc,  such  quantity  as  n)a}'  be  required  to  replenish  the  furnace 
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from  time  to  that,  and  tlie  renewal  of  the  coali  to  the  huf  pierenti  any  air 
entering  tlie  furnace,  butmch  u  bai  paned  upward*  tfaroagh  the  ignited  fud, 
■nd  contributed  to  tlie  combuitioD.  The  heat  and  flame*  &<Mn  tfio  fiiel  ara 
reverherated  by  the  dome  d,  and  have  puuce*  undeneatb  and  anxmd  tha 
pota.  The  degree  of  heat  at  which  the  carbon  b^in*  to  b«  abaorbed,  i*  found 
to  be  about  70<'  of  Wedgwood'*  pjromeler;  tlui  beat  i*  kept  Dp  for  about 
7  or  S  dayi,  accordi^  l«  the  thiekuesa  of  tlie  ban,  and  tlie  degree  of  carboni- 
■ation  required.     When  the  procei*  U  completed,  the  fomace  ii  lufiered  to 


cool,  which  take*  6  or  7  davi  more ;  the  content*  of  the  pota 
:he  fresli  cbarget  put  in,  the  cbarcoal  leTving  again,  ai  it  i*  ecarcelj  altered 
from  not  having  entered  into  combuition.  The  bar*  of  iron  are  now  found  to 
be  covered  with  biiiteri  end  prqection*,  to  have  acquired  a  brittle  qutli^,  and 
to  exhibit  in  the  fracture  a  cryatalliDe  atructure,  which  is  unifom  thron^umt 
the  bar  if  the  carhonizalion  hni  been  complete.  The  degree  of  carbraiimtioo 
ia  varied  according  to  the  purpoiet  for  which  the  iteel  it  intended ;  and  lo 
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likewise  is.  the  nature  and  quality  of  the  iron  employed  for  the  purpose.  For 
the  finest  and  most  important  purposes,  the  Russian  and  Sweaish  irons  are 
always  employed  for  conversion,  hy  reputable  manufacturers ;  and  there  are 
certain  kinds,  of  long-established  celebnhr,  to  which  a  very  general  preference 
is  given ;  these  are  distinguished  by  weU-known  marks  stamped  upon  them, 
which  the  governments  of  the  countries  whence  they  are  imported  warrant  the 
authenticity  of.  Amongst  the  chief  of  these  marlu  may  be  particularly  men- 
tioned L  inside  a  circle  (called  hoop  L) ;  G,  with  an  L  connected  to  the  bottom 
of  the  G  (called  G  L) ;  two  small  circles  (called  double  bullet) ;  a  G,  and  an  F 
underneath,  connected  to  it  (called  G  F) ;  an  ellipsis,  with  some  lines  across  its 
shortest  diameter  (called  gridiron) ;  J  B,  the  J  being  made  out  of  the  upright 
line  of  the  B  (called  J  B) ;  a  stag's  head  and  antlers  (called  steinrbuck) ;  a 
crown,  with  a  C  close  underneath  (called  C  and  crown).  Of  course  there  are 
as  many  marks  as  there  are  manufactories  or  mines,  many  of  which  may  furnish 
as  good  iron,  but  they  are  not  yet  so  well  established.  There  is,  however,  pro- 
bably some  exceptions  to  this  remark,^  and  undoubtedly  the  Russian  iron,  branded 
C  CIV)  D,  is  an  exception.  The  hoop  L,  which  is  the  produce  of  the  Dannimora 
mines,  in  Sweden,  is  considered  the  most  valuable ;  forty  pounds  sterlmg  per 
ton  being  readily  paid  for  it,  which  is  about  four  times  the  price  of  the  best 
English  bar  iron.  However  immense  this  difference  of  cost  to  the  steel 
manufacturer,  it  is  of  trifling  importance  compared  to  that  of  maintaining  his 
reputation  for  the  production  of  an  unexceptionable  article.  The  paying  of 
threepence  per  pound  more  for  the  raw  material,  will  make  no  perceptible  dif- 
ference in  the  cost  of  the  artist's  graver,  the  surgeon's  lancet,  or  even  the 
writer's  pen-knife — ^not  to  mention  watch  springs,  and  a  thousand  other  appli- 
cations of  fine  steel,  in  which,  were  it  necessary  to  insure  perfection  of  quality, 
a  hundred  times  the  cost  of  the  raw  material  added  to  the  manufactured  article 
would  be  gladly  paid. 

Mackintosh*a  Patent, — A  few  years  ago  Mr.  Mackintosh,  of  Crossbaskets,  in 
Lanarkshire,  took  out  a  patent  for  converting  malleable  iron  into  steel,  by  sub- 
jecting it  to  a  stream  of  carburetted  hydrogen  gas,  evolved  from  coal  under  difr- 
tillation.  The  iron  is  inclosed  in  a  pot  or  crucible  in  the  furnace,  and  when 
arrived  at  a  proper  heat,  a  stream  of  gas  is  directed  by  a  pipe  into  the  crucible, 
which  has  another  aperture  to  allow  that  part  of  the  gas  to  escape  which  has  not 
been  taken  up  by  the  metal.  The  apparatus  for  conducting  this  process  will 
of  course  admit  of  various  modifications.  This  invention  appears  to  have 
reason  for  its  basis ;  for  it  must  be  evident  that  in  the  process  of  cementation 
before  described,  the  carbon  must  have  entered  into  combination  in  a  gaseous 
state  with  the  iron:  the  steel  made  by  it  was  reported  to  bo  excellent 
Whether  experience  has  proved  it  to  be  an  economical  process,  is  a  point  upon 
which  we  are  not  informed. 

Muihati  Patent  SteeL — ^The  preceding  articles  are  descriptive  of  three  dis- 
tinct modes  of  preparing  steel.     First,  by  the  careful  refinement  of  cast-iron ; 
second,  by  the  stratification  of  malleable  iron  with  charcoal;  and  third,  by  the 
application  of  gaseous  carbon  to  the  metal.    A  fourth  process,  materially  dif- 
fenng  from  those,  but  producing  very  similar  results,  and  attended  with  some 
pecuBar  advantages,  was  patented  in  the  year  1800  by  Mr.  Mushat,  the  gen- 
tleman whose  metallurgical  labours  we  have  before  noticed.    The  specification 
of  the  patent  directs  that  maOetMe  iron  (in  scraps  or  bars)  is  to  be  put  into  a 
crucible,  together  with  a  due  proportion  of  powdered  charcoal,   or  pit  coal, 
plumbago,  or  any  other  substance  containing  the  carbonaceous  principle,  and 
subjected  to  an  intense  heat  in  an  air  or  blast  furnace  until  the  metal  is  reduced 
to  a  fluid  state,  when  it  is  to  be  poured  out  into  moulds  to  form  ingots,  or  any 
other  article  that  may  be  required ;  which  castings  will  be  of  a  similar  nature 
to  the  steel  produced  by  cementation.     But  in  those  cases  when  iron  ore  can 
be  obtained  sufiicientiv  rich  and  free  from  foreign  admixtures,  the  patentee  pro- 
poses to  save  all  the  tune  and  expense  attending  the  tedious  operations  neces- 
sary for  the  conversion  of  such  ore,  first  into  cast-iron,  and  afterwards  into  bar 
iron  ;  for  such  ore,  he  observes,  being  previously  roasted  or  terrified,  may  be 
■ubstituted  for  the  malleabte  iron«  and  the  restut  wiU  be  cast-steel,  provided 
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the  proper  quantity  of  carbonaceous  matter  be  used,  as  for  the  common 
and  orduary  qualities  of  cast  steel.    The  quantity  of  carbonaceous  matter 
required,  is  much  less  than  had  been  previously  supposed  to  be  necessary.    In 
employing  wood  charcoal,  from  a  seventieth  to  a  nmetieth  of  the  weight  of  the 
iron  being  sufficient ;  and  when  the  quantity  is  increased  beyond  a  seyentieth 
to  a  sixtieth,  or  a  fortieth  of  the  weight  of  the  iron,  the  steel  oecomes  so  fusible 
that  it  may  be  run  into  moulds  of  any  shape,  and  afterwards  be  capable  of 
being  filed  and  polished.  Hence,  by  casting,  may  be  constnicted  stoves,  grates, 
kitchen  utensils,  wheels,  mill-work,  and  a  great  variety  of  things  which  could 
not  be  so  made  by  the  processes  previously  in  use.  By  varying  tlie  proportions  of 
the  carbonaceous  matter,  he  can  make  as  great  a  variety  in  the  qualities  of  the 
steel,  as  the  various  kinds  of  pig-metal  difler  from  each  other.  Cast-steel,  made 
in  the  ordinary  way,  Mr.  Mushat  observes,  is  so  volatile  when  in  fusion  as  not 
to  admit  of  being  run  into  any  shape  except  straight  moulds  of  considerable 
diameter ;  but  tliat  steel  of  such  density  as  to  admit  of  being  cast  into  any  form 
may  be  produced  by  his  process,  by  increasing  the  quantity  of  charcoal,  and 
fusing  the  matter  as  before  directed.    To  produce  qualities  of  steel  softer  than 
is  usually  manufactured  by  the  common  processes,  he  uses  a  very  small  propor> 
tion  of  charcoal,  sometimes  so  little  as  a  two-hundredth  part  of  the  weight  of 
the  iron ;  and  he  states  that  steel  produced  with  any  proportion  of  charcoal  not 
exceeding  the  one-hundredth  part,  will  generally  be  found  to  possess  every 
property  requisite  to  its  being  cast  into  those  shapes  which  require  great  elas- 
ticity, strength,  and  solidity ;  and  will  also  be  generally  found  capable  of  sus- 
tainmg  a  white  heat,  and  of  being  welded  together  like  maUeable  iron. 

TiUed  SteeL — As  blistered  steel  in  its  crude  state  is  applicable  to  but  few 
purposes,  it  is  moderately  heated  in  a  ftu*nace,  and  subjected  to  the  action  of  a 
tilt  nammer,  which  strikes  about  700  blows  per  minute :  this  operation  increases 
its  tenacity  and  solidity,  and  adapts  it  to  numerous  uses. 

Shear  SteeL — This  name  was  given  to  a  steel  that  was  first  made  b^^  Crowley, 
of  Newcastle,  about  sixty  years  ago,  in  imitation  of  a  peculiar  kind  of  bar 
steel  that  we  formerly  imported  from  Germany.  Crowley,  however,  stamped 
his  production  with  the  figuro  of  a  pair  of  shears,  to  indicate  its  suitable 
application.  The  process  of  making  it  at  Sheffield,  where  the  manufacture 
of  this  and  all  other  kinds  of  British  steel  is  conducted  on  an  immense  scale,  is 
as  follows : — The  bars  of  blistered  steel  are  broken  into  pieces  of  from  one  to 
two  feet  in  length,  which  are  then  piled  up  into  bundles  or  faggots  of  a  size 
and  weight  adapted  to  their  subsequent  applications.  The  faggots  are  then  taken 
up  by  means  of  a  long  bar  having  a  ring  at  the  end,  into  which  one  exiiemity 
ot  the  faggot  is  inserted ;  and  by  means  of  the  bar  as  a  handle,  a  workman  puts 
it  into  a  reverberatory  furnace,  whence,  after  it  is  brought  to  a  welding  heat,  it 
is  taken  out  and  placed  under  a  heav)'  hammer,  by  which  it  is  drawn  out  into 
a  bar ;  this  bar  is  then  divided,  the  pieces  laid  together,  brought  a^ain  to  a 
welding  in  the  furnace,  and  then  under  the  hammer,  or  by  rolling,  reduced  to 
the  size  reauired.  By  this  process  the  steel  bus  lost  much  of  its  previous  brit- 
tleness,  and  has  acquired  a  uniform  texture,  which  adapts  it  to  the  manufacture 
of  a  great  variety  of  edge  tools  and  other  purposes  to  which  it  was  before 
unsuited.  Various  qualities  of  shear  steel  are  made,  distinguished  by  the  terms 
half-shear,  single-shear,  and  double-shear,  according  to  the  number  of  times  it 
has  been  cut,  piled,  welded,  and  drawn  out 

Sanderson's  Patent, — In  September,  1828,  a  patent  was  taken  out  by  Mr. 
Charles  Sanderson,  of  the  Park  Gate  Iron  Works,  entitled  "A  new  processor 
method  of  making  shear  steel,"  which,  the  specification  informs  us,  consists 
in  forming  shear  steel  out  of  very  small  ])ieces  of  bar  steel,  instead  of 
pieces  from  one  to  two  feet  in  length,  as  heretofore,  whereby  he  is  enabled  to 
form  shear  steel  with  fewer  heats,  and  consequently  with  less  waste,  and 
without  the  use  of  silicious  sand,  as 'heretofore  practised.  The  patentee  describes 
his  mode  of  operation  in  the  following  words  : — **  I  take  bar  steel  in  the  state 
in  which  it  comes  from  the  converting  furnace,  and  break  it  into  very  small 
pieces  of  one  inch  to  two  inches  long ;  a  quantity  of  these  small  pieces  being 
ready,  I  procure  a  round  stone  of  any  quality  which  is  capable  of  withstanding 
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the  stroDg  heat  of  a  reverberatory  furnace  without  cracking  or  breaking ;  and 
upon  this  stone  the  small  pieces  are  piled  as  closely  and  compactly  as  possible ; 
the  whole  is  then  inclosed  in  a  fire-clay  crucible,  and  placed  m  a  reverberatory 
furnace,  where  it  is  allowed  to  remain  until  the  whole  mass  becomes  of  a  high 
welding  heat  It  is  then  taken  from  the  crucible  and  placed  under  a  heavy 
cast-iron  hammer,  usually  called  a  metal  helve,  and  exactly  the  same  as  those 
used  in  the  manufiMsture  of  bar  iron :  this  hammer  is  driven  by  machinery,  and 
from  the  circumstance  of  the  whole  mass  being  in  a  semi-fluid  state,  it  is  almost 
instantaneously  hammered  or  manufactured  into  one  solid  mass  or  bloom  of 
steel,  of  from  Uiree  to  four  inches  square ;  this  bloom  is  placed  in  a  furnace,  or 
as  it  is  more  generally  termed,  a  hoUow  fire,  of  two  or  three  feet  square,  heated 
with  coke,  and  the  heat  increased  by  the  application  of  a  blast  of  air ;  and  the 
whole  mass  or  body  of  steel  so  hammered  or  manufactured  as  aforesaid,  is 
raised  to  a  high  welding  heat ;  it  is  then  taken  from  the  furnace,  and  placed 
under  the  same  metal  helve  or  hammer  before  mentioned,  and  drawn  into  a  bar 
of  shear  steel,  ready  to  be  tilted  or  rolled  into  the  various  sizes  or  shapes  which 
may  be  required.  For  shear  steel,  to  be  used  for  inferior  purposes,  it  might  be 
too  expensive  to  place  the  piled  steel  in  a  crucible,  but  it  might  merely  be  placed 
in  a  reverberatory  furnace,  and  drawn  thence,  when  it  is  of  a  complete  welding 
heat" 

Cast  SUeL — ^The  finest  and  very  best  steel  for  most  purposes,  is  that  which 
has  under^ne  the  process  of  fusion  and  a  subsequent  nammering,  called  cast 
steel.  It  IS  about  ninety  years  since  this  steel  was  introduced  by  one  Hunts- 
man, of  Atterclifie,  near  Sheffield,  whose  name  it  continued  to  bear  for  a  lone 
time;  but  his  rivals  at  Rotherham  and  Sheffield,  who  subsequently  undertook 
the  manufacture,  gave  it  the  more  significant  name  which  it  now  bears.  The 
process  of  prepanng  it  on  the  large  scale,  is  as  follows :— Blistered  steel  is 
broken  into  small  pieces,  and  put  without  any  admixture  into  crucibles  that 
hold  about  40  lbs.  each,  and  are  covered  with  a  lid.  The  crucibles  are  sepa- 
rately deposited  in  a  row  of  small  melting  furnaces,  which  aro  usually  square 
pots,  about  15  inches  wide  and  3  feet  deep,  with  a  gratine  at  bottom ,-  the  tops 
of  these  furnaces  are  open,  and  level  witn  the  floor  of  the  foundry ;  and  just 
below  their  tops  are  lateral  apertures  or  flues,  leading  into  the  common  chimney 
of  all  the  furnaces ;  access  to  the  fire-places  and  ash-pits  is  had  in  a  vault  under- 
neath. The  fuel  employed  is  hard  coke,  in  whicn  the  crucibles  are  entirely 
imbedded  and  coverea  over ;  then  each  of  the  furnace  mouths  is  stopped  with 
a  trap-door  t>f  fire-bricks,  inclosed  in  ah  iron  frame.  This  being  done,  a  very 
sharp  draught  of  air  is  produced  from  the  ash-pits,  through  the  fuel,  into  the 
lateral  flues,  and  a  very  intense  heat  is  produced,  which,  being  kept  up  for  four 
or  five  hours,  the  steel  is  thereby  brought  into  perfect  fusion,  when  it  becomes 
necessary  to  remove  the  crucibles,  and  pour  out  their  contents  into  cast-iron 
ingot  moulds,  prepared  for  their  reception,  which  are  either  in  the  form  of  a 
short  thick  bar,  for  being  tilted,  or  a  thick  flat  cake,  to  be  lamellated  between 
the  rolls.  The  melter  has  likewbe  to  prepare  himself  against  the  terrible  ordeal 
of  the  operation  just  mentioned  :  to  protect  himself  from  the  fierce  fire  of  the 
furnaces,  as  he  Mnds  over  their  mouths,  which  would  otherwise  set  his  clothes 
on  fire,  he  puts  on  an  armour  of  coarse  sacking ;  and  then,  vrith  a  pair  of  long 
iron  tongs,  he  eripes  the  blazing  crucible,  and,  quickly  lifting  it  out  of  its 
chamber,  pours  the  contents  into  the  moulds.  The  subsequent  processes  upon  the 
ingots,  bars,  or  plates  of  steel,  cast  in  the  moulds  to  bring  them  to  the  required 
shapes,  are  in  every  respect  the  same  as  we  have  described  for  preparing  iron 
into  similar  forms;  but  on  account  of  the  greater  value  of  steel,  and  the  delicate 
manner  in  which  it  is  often  wrought,  the  rolling  and  hammering  processes 
become  more  essential  in  perfecting  the  quality,  and  therefore  they  aro  moro 
carefully  performed.  For  the  best^  purposes,  steel  is  always  preferred  that  has 
been  drawn  to  its  required  sizes  unoer  a  tilt  hammer,  which  gives  three  or  four 
hundred  blows  per  minute.  It  is  however  deserving  of  remark,  that  when 
steel  rods  and  bars  have  been  repeatedly  rolled  at  a  low  heat,  they  acquire  the 
same  density,  and  more  uniformity,  than  tilted  steel. 

Needhamt  Patmt,^K  patent  for  a  new  process  of  casting  steel  was  taken 
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out  in  1824»  by  Mr.  Needham,  of  Davis-street,  Fitzroy-square.  His  plan  is  to 
employ  large  fixed  or  stationary  crucibles  (made  of  nre-stone,  or  Stourbridge 
clay),  and  allowing  the  steel,  when  melted,  to  flow  from  them,  through  suitable 
apertures  made  in  the  sides,  into  the  moulds,  instead  of  moving  the  melting- 
pots  already  described.  The  size  and  shape  of  these  stationary  crucibles,  it  is 
stated  in  the  specification,  may  be  varied  according  to  circumstances,  but  a 
preference  is  given  to  an  oblong  form,  with  movable  covers,  fixed  upon  bearers 
of  fire-brick  or  stone,  on  a  plane  a  little  inclined  from  the  horizontal  line ;  at 
the  bottom  of  each  crucible  a  perforation  is  made,  to  which  is  fixed  a  tube,  that 
passes  through  the  furnace  to  the  moulds,  with  a  plug  at  the  external  end;  this 
oeing  withdrawn,  the  fluid  metal  readily  discharges  itself  into  the  moulds.  In 
this  manner  several  melting-pots  may  be  fixed  in  one  furnace,  so  that  a  quan- 
tity may  be  fused  sufficient  for  articles  of  great  mi^itude;  and  as  the  different 
descriptions  of  steel  require  different  degrees  of  heat  for  their  fusion,  the 
patentee  recommends  that  those  which  require  the  least  be  placed  in  crucibles 
above  those  whioh  require  the  most;  by  which  arrangement,  in  casting  lar^ 
shafts  or  cylinders  of  steel,  those  parts  that  require  it  may  be  formed  with  the 
best  steel,  while  those  parts  wherein  an  inferior  steel  answers  the  purpose,  may, 
in  like  manner,  be  supplied  with  it  If  it  be  required  to  cast  a  large  cylindrical 
steel  roller,  the  exterior  may  be  made  of  a  superior  quality  of  steel,  and  the 
interior  of  a  common  quality,  by  placing  a  cylinder  of  wrought  iron  within 
the  hollow  cylindrical  mould ;  and  tnen  directing  jets  of  fluid  steel,  of  distinct 
aualities,  to  flow  into  the  opposite  sides  of  this  circular  wroughf-iron  partition ; 
uie  steel  will  then  adhere  to  the  iron,  and  foim  one  solid  roller,  of  inferior  cos^ 
but  equal  in  quality  to  one  made  entirely  of  superior  steel. 

Thonipton*s  PatenL^^A  short  time  after  the  granting  of  Mr.  Needham's 
patent,  Mr.  Thompson,  of  the  Chelsea-street  AVorks,  took  out  another,  having 
a  very  similar  object  in  view.  He  proposes,  in  the  first  place,  to  melt  the  steel 
in  a  reverberating  or  puddling  furnace,  by  which  pit-coal  may  be  used  instead 
of  coke;  secondly,  instead  of  the  movable  crucibles  in  generd  use,  he  employs 
stationary  vessels,  made  of  the  usual  materials,  but  of  a  semi-cylindrical  shape, 
having  spherical  ends,  and  a  rebate  or  groove  in  the  upper  edges,  to  fit  a  cover 
to  it.  Tnese  are  to  be  fixed  on  a  slightly-inclined  plane,  for  the  convenience 
of  the  fluid  discharging  itself  through  a  hole  in  the  bottom,  in  which  is  inserted 
a  tube  of  platina ;  this  tube  is  connected  to  another  tube  of  fire-clay,  passing 
through  the  brick-work  to  the  outside  of  the  furnace,  through  which  the  met^ 
flows  into  moulds,  through  apertures  previously  stopped  with  clay,  which  are 
tapped  by  means  of  a  long  rod  tipped  with  platma. 

Alloys  of  SteeL — Messrs.  Farraday  and  Stodart,  a  few  years  since,  made  a 
series  of  experiments  on  the  combinations  of  some  other  metals  with  steel,  an 
account  of  which  was  published  by  them  in  the  Philosophical  Transactions  for 
1822;  amongst  the  results  of  these  experiments  the  following  appear  to  be  most 
worthy  of  notice.  Silver  can  be  alloyed  with  steel  only  to  the  extent  of  a  five- 
hundredth  part;  when  more  was  used,  it  either. evaporated,  or  separated  as  the 
button  cooled,  or  was  forced  out  in  forging.  The  alloy  was  said  to  be  excellent; 
and  the  addition  of  price  was  no  obstacle  to  its  use  for  fine  instruments. 
Steel,  alloyed  with  one-hundredth  part  of  platinum,  'though  not  so  hard  as  the 
silver  alloy,  has  more  toughness;  wnere  tenacity  as  well  as  hardness  is  reouired, 
the  extra  cost  was  considered  to  be  more  than  counterbalanced  by  its  excellence. 
As  far  as  the  experimenters  could  judffe,  neither  gold,  tin,  nor  copper,  improved 
steel.  Messrs.  Stodart  and  Farradays  memoir  on  this  subject  havine  been 
noticed  in  the  public  journals,  some  of  our  Shefiield  manufacturers  wisely  con- 
sidered that  it  afforded  them  a  favourable  opportunity  to  advertise  themselves  to 
the  public,  along  with  their  wares  made  -of  "  silver-steel ; "  and,  for  a  while, 
knives  and  scissars,  exquisitely  finished,  made  of  that  "invaluable'*  alloy,  were 
alone  the  fashion.  Rival  manufacturers  sought  in  turn  to  amuse  the  public 
with  Wootx,  and  Damascus,  and  Peruvian  steel ;  and  each  of  these  were,  for  a 
time,  necessary  to  the  novelty-loving  part  of  the  public.  Time  had,  however, 
swept  nearly  all  the  notices  of  these  wonders  of  the  day  from  our  shop  windows, 
and  old-fashioned  steel  was  quietly  resuming  its  sway,  when  suddenly  meteor 
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9teel  made  its  appearance,  not  from  the  clouds,  nor  the  moon,  nor  firom  a 
volcano,  but  from  the  patent  office,  as  will  appear  from  the  subjoined  account 
of  the  enrolled  specification. 

Meteor  Steel, — ^The  patentees  of  this  manufacture  (Messrs.  J.  Martineau,  jun. 
and  W.  H.  Smith,)  specify  their  object  to  be  the  preparation  of  an  alloy  of  steel, 
having;  that  peculiar  wavy  appearance  exhibited  m  the  Damascus  sword  blades, 
and  likewise  for  producing  their  toughness  and  elasticity  of  temper.  The  process 
of  preparing  the  alloy  is  thus  described:  zinc  80  parts,  purified  nickel  16  parts, 
silver  4  parts  =100  parts.  These  are  put  into  a  black  lead  crucible,  and 
covered  with  charcoal ;  the  lid  is  then  luted  down  to  prevent  evaporation,  and 
exposed  to  the  heat  of  an  ordinary  steel  furnace,  until  the  metals  are  fused, 
when  the  alloy  is  poured  out  into  cold  water,  to  suddenly  cool  it,  which  renders 
it  so  brittle,  that  it  is  easily  reduced  afterwards,  by  a  pestle  and  mortar,  to 
powder,  which  the  patentees  call  meteor  powder^  and  is  mcorporated  with  the 
steel,  together  with  other  mixtures,  in  the  manner  following:  28lbs.  of  common 
blistered  steel,  10  oz.  of  meteor  powder,  7  oz.  of  powdered  chromate  of  iron, 
1  oz.  of  charcoal,  2  oz.  of  quick-lime,  and  3  oz.  of  porcelain  clay,  are  put 
together  in  a  crucible,  and  fused  in  a  cast-steel  furnace.  After  casting,  Uiis 
alloy  is  to  be  drawn  out,  under  a  hammer,  into  bars,  when  it  will  be  found  to 
exhibit  the  damask  wavy  appearance  on  its  surface.  To  bring  out  the  damask 
more  fullv  upon  any  article  made  of  this  alloy,  the  surface  is  to  be  polished,  and 
then  washed  over  with  nitric  acid,  diluted  with  nineteen  times  its  weight  of 
water.  It  could  hardly  have  been  supposed  by  the  patentees  that  such  a 
variety  of  substances  was  necessary  to  producing  Uie  damask  pattern  upon 
steel ;  the  nickel  and  the  chromium  were  probably  introduced  by  tnem  with  the 
view  of  imitating  those  natural  phenomena  called  meteoric  stones,  in  which  it  is 
said  one  or  both  of  these  metals  are  constantly  found :  and  as  two  or  three  of  the 
other  ingredients  of  tliis  patent  steel  mixture  may  be  regarded  as  fluxes,  it  is  not 
qui>e  so  whimsical  a  compound  as  it  might  at  first  appear,  especially  as  it  was 
introduced  at  a  time  when  the  pubhc  taste  for  steel-extraordinary  was  so  much 
excited.  ^ 

Wootz, — This  celebrated  steel  is  made  in  India,  at  little  furnaces  supplied 
with  air  by  several  pairs  of  small  bellows,  worked  assiduously  by  men  and 
boys;  and  thus  is  produced  tlie  raw  material  of  the  famed  Damascus  sword 
blades,  the  various  patterns  upon  which  have  been  imitated  in  our  linen  manu- 
facture, and  hence  called  damask.  To  ascertain  the  cause  of  this  beautiful 
appearance  has  eiven  rise  to  a  good  deal  of  investigation,  and  several  of  our 
cnemists,  as  well  as  others  on  the  continent,  have  entered  upon  the  inquiry. 
The  wootz  imported  from  Bombay  is  in  form  of  a  round  cake  about  2  lbs.  weight 
Dr.  Pearson,  in  an  essay  published  many  years  ago  in  the  PhUotop&cal 
TransactUms,  Vol.  XVII.,  gave  it  as  his  opinion  that  it  is  made  direct  from  the 
ore,  and,  consequently,  that  it  has  never  been  in  the  state  of  wrought  iron. 
**  For  the  cake, '  he  says,  "  is  evidently  a  mass  which  has  been  fused ;  and  the 
grain  of  the  fracture  is  what  I  have  never  seen  in  cement  steel  before  it  is 
hammered  or  melted."  This  opinion  consists  with  the  composition  of  wootz ; 
for  it  is  obvious  that  a  small  portion  of  oxide  of  iron  might  escape  metal- 
lization, and  be  melted  with  the  rest  of  the  matter.  The  cakes  appear  to  have 
been  cut  almost  through,  while  white  hot,  at  the  place  where  wootz  is  manu- 
factured ;  and  as  it  is  not  probable  that  it  is  then  plunged  in  cold  water,  the 
great  hardness  of  the  pieces  imported  above  that  of  our  steel  must  be  imputed 
to  its  containing  oxide,  and,  conse<^uently,  oxygen.  The  particular  uses  to 
which  wootz  may  be  applied  may  be  inferred  from  the  preceoing  account  of  its 
properties  and  composition.  A  very  general  opinion  is,  that  the  waved  appear- 
ance is  produced  by  an  intermixture  of  steel  and  iron  forged  together,  an 
opinion  tnat  is  in  some  degree  founded  upon  experiment,  as  very  close  resem- 
blances have  been  made  b^  that  process.  Many  sword  blades,  in  no  respect 
inferior  to  the  Eastern  originals,  have  been  fabricated  in  the  dominions  of 
Austria  and  Prussia,  by  a  process  invented  by  Professor  Crevilli,  who  had 
given  detailed,  instructions  for  their  manufacture  in  a  smaU  treatise  published 
at  Milan,  and  entitled,  Memoria  mdT  Arte  di  fabbricare  U  Sciabole  di  Damoico, 
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An  epitome  of  Crevilli*8  treatise  was  published  in  the  AOgemtune  MSiUtr 
Zeitunff,  the  following  translation  of  which  was  given  in  a  recent  number  of  the 
United  Service  Journal,  **  A  long  flat  piece  of  malleable  steel,  of  about  one 
inch  and  a  half  in  breadth,  and  one-eighth  in  thickness,  is  to  be  first  bound 
with  iron  wire,  at  intervals  of  one-third  of  an  inch.  The  iron  and  steel  are 
to  be  then  incorporated  by  welding,  and  repeated  additions  (10  or  20)  of  iron 
wire  made  to  the  first  portion,  with  which  they  must  be  firmly  amalgamated. 
This  compound  material  is  then  to  be  stretched  and  divided  into  shorter  leneths, 
to  which,  by  the  usual  process  of  welding,  grinding,  and  tempering,  any  wiuied- 
for  form  may  be  given.  By  filins  semicircular  grooves  into  botn  sides  of  the 
blade,  and  again  subjecting  it  to  tne  hammer,  a  beautiful  roset-shaped  Damascus 
is  obtained :  the  material  can  be  made  to  assume  any  other  form.  The  solution 
bv'which  the  figures  are  made  visible,  is  the  usual  one  of  aouafortis  and  vinegar. 
The  success  of  this  method,  and  the  excellence  of  the  blades  which  have  Wn 
constructed  according  to  these  directions,  have,  by  various  trials,  been  placed 
beyond  all  doubt.  Professor  Crevilli  has  had  several  sabre  blades  prepared 
under  his  own  instruction  at  Milan ;  similar  experiments  have,  by  the  Emperor's 
commands,  been  made  at  the  Polytechnical  Institution  at  Vienna ;  and  finally, 
the  War  Office  has  empowered  Daniel  Fischar,  manufacturer  of  small  arms  in 
that  capital,  to  proceed  with  the  manufacture  on  a  large  scale.  These  blades, 
which,  when  made  in  larse  quantities,  are  but  little  dearer  than  those  in  common 

use,  have  been  submitted  to  the  severest  tests An  idea  of  their  extrar 

ordinary  tenacity  may  be  formed  from  the  fact,  that  out  of  210  blades  that 
were  examined  by  a  military  commission,  and  each  of  which  was  required  to 
bear  three  cuts  against  iron,  and  two  against  a  flat  wooden  table,  not  a  single 
one  snapped,  or  had  its  edge  indented.  In  Prussia  this  method  of  preparing 
sword  blades  is  stated  to  have  been  in  practice  several  years,  and  to  have  been 
attended  with  eoual  success."  M.  Breant,  examiner-general  of  assays  at  the 
Royal  Mint  of  Paris,  investigated  the  nature  and  composition  of  W€x>tz  very 
pWlosophically.  In  an  interesting  memoir  which  he  published  on  this  subject, 
he  observes,  that  if  in  the  preparation  of  ordinary  steel  sufficient  carbon  has 
not  entered,  the  steel  formed  will  only  be  in  proportion  to  the  quantity  of 
combined  carbon,  the  rest  will  be  iron,  only  mixed.  The  cooling  tnen  takes 
place  slowly,  the  more  fusible  particles  of  steel  will  tend  to  unite  together  and 
separate  themselves  from  the  portion  of  iron.  This  alloy  will  therefore  be 
capable  of  developing  a  damask,  but  this  damask  will  be  white,  and  s%btly 
marked,  and  tlie  metal  will  not  be  susceptible  of  great  hardness,  because  it  wm 
be  mixed  with  iron.  If  the  proportion  of  charcoal  be  exactlv  such  as  it  ought 
to  be  in  order  to  convert  the  whole  of  the  iron  into  steel,  there  will  be  only 
one  sort  of  combination ;  but  if  the  carbon  is  a  little  in  excess,  the  whole  of  the 
iron  will  in  the  first  place  be  converted  into  steel,  afterwards  the  carbon  remaining 
in  the  crucible  will  combine  in  a  new  proportion  with  the  part  of  the  steel  already 
formed.  There  will  in  this  case  be  two  distinct  compounds,  namely  pure  steel, 
and  carburetted  steel,  or  cast-iron.  These  two  compounds,  at  first  mixed  con- 
fusedly, will  tend  to  separate  when  the  liquid  matter  remains  at  rest  A 
crystallization  will  then  form,  in  which  the  particles  of  the  two  compounds 
wUL  arrange  themselves  according  to  their  respective  affinity  or  specific  gravity. 
If  a  blade  made  of  this  steel  be  put  into  acidulated  water,  a  very  apparent 
damask  will  be  developed,  in  which  the  pure  steel  parts  will  be  black,  and  those 
of  carburetted  steel  will  remain  white.  The  carbon  irregularly  dispersed  in  the 
metal,  and  forming  two  distinct  combinations,  is,  then,  that  which  occasions  the 
damask ;  and  it  is  obvious  that  the  slower  the  cooling,  the  larger  the  veins  of 
the  damask  should  be. 

"  Plumbago,"  says  M.  Breant,  "has  appeared  tome  in  some  circumstances  to 
soften  the  steel,  which  an  excess  of  carbon  would  render  too  harsh ;  at  least  I 
have  obtained  excellent  results  with  a  hundred  parts  of  steel,  one  of  smoke- 
black,  and  one  of  plumbago.  But  a  very  remarkable  experiment  in  regard  to 
the  advantage  which  may  be  derived  from  it,  in  working  on  a  large  sciEde,  i^ 
that  a  hundred  parU  of  soft  trofi,  and  two  of  smoke^ktcky  melt  at  eatify  as  com- 
mon steel*'    From  this  announcement  by  M.  Breant,  it  appears^  that  he  was 
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unacquainted  with  Mr.  MuBhat's  patent  process  of  converting  malleable  iron  Into 
steel  by  fusion  with  charcoal,  described  at  page  787.  M.  Breant  continues,  '*  It 
must  be  supposed  that  the  whole  of  the  carbon  does  not  enter  into  combination. 
Some  of  our  best  hladet  are  the  product  of  this  combination.  It  is  evident  from 
this  experiment  that  it  is  not  necessary,  in  order  to  obtain  very  good  steel,  to 
begin  the  operation  by  cementation  with  iron.  The  iron  may  be  treated 
immediately  with  the  smoke-black,  and  this  would  greatly  diminish  the 
expense  of  the  manufacture.  A  hundred  parts  of  the  filings  of  very  grey 
cast-iron,  and  a  hundred  parts  of  similar  filings  previously  oxidized,  have  pn>- 
duced  a  steel  of  a  fine  damask,  and  fit  for  the  manufacture  of  bright  arms ; 
it  is  remarkable  for  its  elasticity,  a  quality  not  possessed  by  the  Indian  steel. 
The  more  carbon  the  steel  contains,  the  more  difficult  it  is  to  forge.  Most 
of  the  specimens  that  I  have  prepared  have  not  been  drawn  out,  but  at  a 
temperature  the  limits  of  which  are  extremely  confined."  "  I  am  convinced 
from  experience,  that  the  orbicular  veins  called  ronces  by  the  workman,  which 
are  seen  on  fine  oriental  blades,  are  the  result  of  the  manner  of  forging.  If 
we  content  ourselves  with  drawing  the  steel  out  lengthwise,  the  veins  will  be 
longitudinal ;  if  we  extend  it  equally  in  all  directions,  the  damask  has  a  crys- 
talhne  appearance.  If  we  render  it  wavy  in  the  two  directions,  there  will  be 
shades  and  gradations  as  in  the  oriental  damask.  It  will  not  require  long  trials 
to  produce  any  variegated  design  we  desire." — Repertory  of  Arts. 

Having  explained  the  most  approved  modes  of  preparing  the  celebrated 
damasked  steel,  as  well  as  the  various  steels  of  our  now  no  less  celebrated  British 
manufacturers,  we  proceed  to  the  consideration  of  another  department  of  ^e 
subject. 

Case-hardening, — ^This  is  a  process  for  converting  the  surface  onlv  of  articles 
made  of  malleable  iron  into  steel,  in  order  that  they  may  afterwards  receive  a 
high  polish.  Tlie  process  is  extensively  applied  to  the  pokers,  tongs,  and 
shovels  of  our  domestic  fire-grates,  and  to  an  infinite  variety  of  our  iron  manu- 
factures. The  following  mode,  recommended  by  Mr.  Gill,  editor  of  the  Techno' 
loaical  Repositorp,  deserves  confidence,  from  the  extensive  practical  knowledge 
of  that  gentleman  in  the  treatment  of  iron  and  steel.  This  is  effected,  he  says, 
by  inclosing  the  articles  in  carbonaceous  compounds,  either  animal  or  vegetable, 
and  exposing  them  to  heat  in  close  vessels,  until  the  change  is  completed,  and 
until  the  surface  at  least  of  the  articles  is  converted  into  steel.  For  this  pur* 
pose,  bones,  from  which  the  ammonia  has  been  extracted  by  distillation  at  a  high 
temperature,  and  which  are  afterwards  ground  to  a  coarse  black  powder,  are 
chiefly  used.  The  articles  beiue  surrounded  with  this  powder,  contained  in  cast- 
iron  vessels,  are  exposed  to  a  high  red  heat,  in  an  open  fire-place,  for  several  hours, 
until  the  surfaces  of  the  iron  articles  are  sufiiciently  changed  to  steel ;  when,  if 
large  enough,  they  may  be  taken  out,  whilst  hot,  and  quenched  in  water,  or  if 
too  small  and  numerous,  the  whole  contents  of  the  vessel,  bone-dust  and  ail, 
may  be  poured  into  the  water.  Any  parts  of  the  articles  which  are  required  to 
remain  tron  after  this  operation,  may  be  guarded  from  the  action  of  the  carbon, 
by  coating  them  with  clay  or  loam.  Sometimes  the  water  is  covered  with  a 
layer  of  oil,  two  or  three  inches  in  depth,  to  prevent  the  small  steel  articles 
from  being  cracked  in  quenching ;  and  it  is  very  convenient  in  this  case  to 
have  a  wire  sieve  suspended  in  the  water,  at  a  proper  depth  beneath  its  surface, 
to  suffer  the  bone  ashes  to  fall  through,  but  to  detain  the  small  articles.  Other 
substances  are  employed  in  case-hardening;  leather,  burnt  till  it  can  be  pulve- 
rised, is  considered  a  good  agent;  also  the  hoofs  and  horns  of  animals,  heated 
in  an  oven  until  they  can  be  beaten  to  a  coarse  powder:  the  latter  are  preferr^ 
by  gunsmiths  for  their  work. 

Hardening  and  Tempering. — In  giving  the  requisite  degree  of  hardness  to  cut- 
tine  instruments  of  steel,  two  distinct  processes  are  employed ;  first,  hardening, 
and  afterwards  tempering.  The  hardening  is  effected  by  heating  the  steel  to  a 
cherry-red,  and  immediately  plunging  it  into  cold  water ;  by  this  process,  the 
steel  becomes  so  hard  as  to  resist,  or  turn  the  edge  of  the  hardest  file ;  likewise 
so  brittle  as  to  be  useless  for  most  purposes,  but  particularly  for  cutting  instru- 
ments.   To  adapt  the  steel  to  the  latter,  the  second  process,  called  tempering, 
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is  resorted  to,  which  ii  a  species  of  annealing,  or  softening,  or  as  the  workmen 
term  it,  letting  doom,  to  the  degree  of  hardness  which  is  necessary  for  the  peculiar 
purpose  for  which  it  is  designed;  for  in  proportion  as  the  edge  is  harder 
than  is  required,  u  its  liabili^  to  hreak  in  use.  It  is  a  remarkable  fact,  that 
the  greatest  part  of  our  oroinary  cutlery  is  hardened  by  a  process  which, 
although  well  known  to  be  a  very  defective  one,  is  persisted  in  irom  the  force  of 
habit,  or  from  an  indisposition  in  the  workman  to  make  any  changes  in  the  cus- 
tomary routine  of  executing  work,  in  which  the  remunerating  prices  are  very 
low.  We  allude  in  particular  to  the  practice  (which,  we  are  informed,  is  general 
at  Sheffield,)  of  haidening  direct  from  the  anvil ;  that  is,  the  articles  are  hard- 
ened with  the  scale  on  toe  surface,  which  is  produced  by  the  act  of  forging. 
The  scale  varies  in  thickness,  according  to  the  oegree  of  heat  the  steel  received 
in  forging;  it  is  also  a  very  bad  conductor  of  heat,  consequently  the  transition 
from  heat  to  cold  (by  which  the  effect  of  hardening  is  produced)  is  not  to 
sudden  in  one  piece  of  steel  as  in  another ;  and  some  are  scarcely  hardened  at 
all,  owing  to  the  temperature  of  the  water  having  scarcely  penetrated  through 
the  scale.  Hence,  wnen  such  articles  are  afterwards  tempered  or  **  lowered," 
there  are  not  two  alike  in  temper  out  of  a  great  number ;  a  fact  which  can 
hardly  have  escaped  the  observation  of  any  man  who  has  shaved  for  several 
years.  Instead,  therefore,  of  the  customary  mode  of  hardening  the  blade 
direct  from  the  anvil,  it  has  been  recommended  by  an  experienced  manufac- 
turer, that  the  blades  be  passed  from  the  anvil  to  the  grhtdttone,  "  A  slight 
application  of  the  stone,"  ne  observes,  "  will  remove  the  whole  of  the  scale  or 
coating,  and  the  razor  will  then  be  properly  prepared  to  undergo  the  operation 
of  hardening  with  advantage.  It  will  be  easily  ascertained  that  steel  in  this 
stote  heats  in  the  fire  with  great  regularity,  and  that  when  immersed,  the 
obstacles  being  removed  to  the  immediate  action  of  the  water  on  the  body  of  the 
steel,  the  latter  becomes  equally  hard  from  one  extremity  to  the  other.  To 
this  may  be  added,  that  as  the  lowest  possible  heat  at  which  steel  becomes  hard 
is  indubitably  the  best,  the  mode  here  recommended  will  be  found  the  only 
one  by  which  the  process  of  hardening  can  be  effected  with  a  less  portion  than 
is  or  can  be  required  in  any  other  way." 

Considerable  difficulty  has  been  experienced  in  giving  to  articles  about  to  be 
hardened  a  perfectly  uniform  degree  of  heat  in  an  ordinary  fire ;  and  one  of 
the  best  means  of  obviating  it  is  probably  that  which  has  been  published  by 
Mr.  Nicholson,  of  his  adoption,  and  which  he  had  for  some  time  previous,  for 
lustifiable  reasons,  kept  secret:  this  was  to  employ  a  bath  of  melted  lead, 
heated  to  moderate  redness,  and  well  stirred ;  into  tms  the  piece  was  plunged 
for  a  few  seconds,  until,  when  brought  near  to  the  surface,  that  part  did  not 
appear  less  luminous  than  the  rest.  The  piece  was  then  speedily  stirred  in  the 
bath,  suddenly  drawn  out,  and  plunj^  into  a  large  body  of  water.  Instead  of 
employing  simple  water  as  the  coobng  medium,  a  variety  of  salts  added  to  it 
have  been  at  different  times  recommended  and  boasted  of.  Not  long  ago, 
mercury  was  cried  up,  and  just  now  it  is  the  fashion  to  extol  a  current  of  air, 
grounded,  we  believe,  on  the  report  of  travellers,  that  the  sabres  of  Damascus 
are  hardened  by  deavinff  the  north  wind  with  them.  Although  it  is  probable 
that  improvements  in  the  present  mode  of  hardening  may  be  discovered,  we 
think  it  is  improbable  that  they  will  be  found  in  that  fluid  which  is  an  inferior 
conductor  of  neat,  and  that  cannot  be  applied  with  equal  uniformity  to  water. 

A  mode  of  tempering  instruments  of  hardened  steel  was  invented  by 
Mr.  Hartley,  in  1789,  for  which  he  obtained  a  patent;  and  we  have  never  yet 
heard  of  a  better.  Mr.  Hartley's  plan  was  to  immerse  the  articles  in  a  bath  of 
oil,  heated  to  a  regulated  temperature,  and  measured  by  a  thermometer.  This 
was  certainly  a  very  great  improvement,  both  in  point  of  precision  and  dispateh, 
on  the  common  method  of  heating  the  instrument  over  a  flame  till  a  certain 
colour,  produced  by  a  film  of  oxide,  appears  on  its  surface.   These  colours 


At  430O  Fah.  a  very  faint  yellow, — for  lancets. 

450**    „    a  pale  straw  colour, — ^for  razors,  and  surgeons'  instruments. 
470**    „    a  full  yellow, — ^for  penknives. 
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At  490*  Fabr.  a  brown  colour,— for  scissors  and  cbisels  for  cutting  old  iron. 


510* 
630» 
550» 


a  brown,  with  puvple  spots,— for  axes  and  plane  irons, 
a  purple, — for  table-knives  and  large  shears, 
a  Drii 


ight  blue, — ^for  swords,  watch  springs,  truss  springs,  and 
bell  springs. 

560^  „  a  full  blue,  for  small  fine  saws,  daggers,  &c. 
600®  „  a  dark  blue,  verging  on  black, — ^is  the  softest  of  all  the  gra- 
dations, when  the  metal  becomes  fit  only  for  hand  and 
pit-saws,  which  must  be  soft,  that  their  teeth  may  bear 
sharpening  b^  the  file,  and  bending  or  "  setting." 
If  the  steel  be  heated  still  further,  it  becomes  perfectly  soft.  When  tools  having 
a  thick  back  and  thin  edge,  like  penknives,  are  to  be  tempered,  they  are  some- 
times placed  with  their  backs  in  a  plate  of  hot  iron,  or  on  hot  sand ;  otherwise 
they  would  become  too  soft  at  their  cutting  edges  before  their  backs  would  be 
sufiliciently  heated.  It  is  evident  that  baths  of  any  of  the  soft  metals,  whose 
fusible  points  are  above  those  required  for  tempering,  may  be  used  instead  of 
oU ;  and  alloys  of  those  metals  might  be  so  proportioned  as  to  obtain  points  of 
fusion  at  the  exact  degree  of  heat  required.  In  these  cases,  however,  to  prevent 
oxidation,  it  would  be  necessary  to  keep  the  fluid  metal  covered  with  grease,  and 
it  would  he  advisable  not  to  omit  the  use  of  a  thermometer.  Mr.  Gill,  in  the 
Technological  Repontory,  has  recommended  several  compositions  for  hardening 
and  tempering  steel,  to  which  work  we  must  refer  the  reader  for  the  formulse 
and  processes.  We  do  not  insert  them  here,  because  they  are,  for  the  most 
part,  apparently  unsuited  to  operations  on  the  great  scale,  although  they  are 
certainly,  in  many  respects,  well  deserving  the  attention  of  engineer^.  We  shidl, 
however,  avail  ourselves  of  his  instructions  in  the  following  article. 

On  restoring  the  ElatHcity  of  hardened  and  tempered  Steel  ArUdeg. — '<  Saws, 
sword-blades,  clock  and  watch  springs,  &c.,  which,  after  being  hardened  and  tem- 
pered, require  to  be  ground  and  poli8hed,or  otherwise  brightened,  lose  their  elas- 
ticity or  springiness  by  these  operations,  so  as  to  appear  soft  on  bending  them, 
idthouffh  they  are  as  hard  as  ever ;  these  qualities  are  again  restored  to  them, 
either  oy  heating  over  a  clear  fire,  made  of  cinders  urged  by  bellows,  or  over 
tile  flame  of  burning  alcohol,  or  by  inclosing  them  in  a  smouldering  fire,  made 
of  wood-ashes  and  embers,  to  a  blue  colour,  which  colour  may  either  remain, 
or  be  reipoved  by  the  application  of  diluted  muriatic  acid  wiped  over  them." 

The  partial  Onwernon  of  Iron  into  Steel,  which  is  often  the  case  in  the  blistered 
bars,  owing  to  the  carbon  not  having  penetrated  to  the  middle,  is  usually 
reeaorded  as  a  great  defect ;  but  an  important  advantage  may  be  gained  from 
it  m  the  steeling  of  edge-tools,  which,  Mr.' Gill  says,  is  adopted  by  Mr.  Maudsley. 
The  bar  is  split  down  its  middle  into  two  parts,  and  these  parts  are  sometimes 
subdivided ;  the  internal  parts  which  remain  unconverted  are  then  welded  to 
the  iron  of  the  tool,  leaving  the  steel  outside,  to  form  the  cutting  edges  of  the 
tool. 


T ABLE f— Showing  the  Weight  of  Cattriron  Plates,  twelve  inches  wide,  and  from 

one-eighth  of  an  inch  to  one  inch  thick. 


PARTS   OF   AN    INCH    IN    THICKNESS. 

Width 

in 
Inches. 

\i 

i 

i 

i 

1 

1 

1 

One  Inch. 

12 

lbs.    OS. 
4    13S 

lbs.    oz. 
9    101 

lbs.      OK. 

14     8 

lbs.    oz. 

19    5g 

lbs.    oz. 
24     21 

lbs.    oz. 
29     0 

lbs.      OK. 

33  13i 

lbs.      OB. 

38  10} 
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Table,— SAowtfi^  the  Weight  of  one  Foot  Length  ^  MaUeeMe  Iram, 


SQUARE  IRON. 

ROUND  IRON. 

ScaDiUns.        Weicbt. 

DUineter.             •           CirenmliereBee. 

Inchea. 

PooiMte.. 

Inchei. 

Wci(ht  in 
Pottudi. 

i   Inches. 

i 

Weigbt  in 
Pounds. 

i 

1 

i 
1 
i 

1 

u 
u 
11 

li 

u 
1( 

2 

2i 

2i 

21 

3 

3i 

4 

4i 

5 

6 

7 

0.21 

0.47 

0.84 

1.34 

1.89 

2.57 

3.36 

4.25 

5.25 

6.35 

7.56 

8.87 

10.29 

11.81 

13.44 

17.01 

21.00 

25.41 

30.24 

41.16 

58.76 

68.04 

84.00 

120.96 

164.64 

i 

i 

i' 

ii 

11 
I' 

H 

3 

5 

0.16 

0.37 

0.66 

1.03 

1.48 

2.02 

2.63 

3.33 

4.12 

4.98 

5.93 

6.96 

8.08 

9.27 

10.55 

13.35 

16.48 

19.95 

23.73 

27.85 

32.32 

37.09 

42.21 

53.41 

65.93 

1 

H 
H 
U 

2 

2* 

2k 

2i 

3 

3i 

3* 

3f 

4 

44 

5 
5i 

6 

61 

7 

71 

8 

8t 

9 
10 
11 

0.26 

0.41 

0.59 

0.82 

1.05 

1.34 

1.65 

2.01 

2,37 

2.79 

3.24 

3.69 

4.23 

5.35 

6.61 

7.99 

9.51 

11.18 

12.96 

14.78 

16.92 

19.21 

21.53 

26.43 

31.99 
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